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Abstract

In this paper we document two features that have made Saudi Arabia
different from the other oil producers. First, it has typically maintained
ample spare capacity. Second, its production has been quite volatile even
though it has witnessed few domestic shocks. These features can be ratio-
nalised in a general equilibrium model in which the oil market is modelled
as a dominant producer with a competitive fringe. We show that the net
welfare effect of oil tariffs on consumers is null. The reason is that Saudi
Arabias’s monopolistic rents fall entirely on fringe producers.

1 Introduction

Saudi Arabia is one of the largest players in the global oil market: it produces
more than a tenth of the world’s oil output and owns a quarter of the world’s
proven reserves. The Kingdom is also a key OPEC member, typically playing a
central role in OPEC’s decision-making. Indeed, authors such as Mabro (1975)
have gone so far as to claim that “OPEC is Saudi Arabia”. And according
to Adelman (1995), “the Saudis have acted as what they are: the leading firm
in the world oil market”. Are these claims exaggerations? In this paper we
document two features that have made Saudi Arabia different from the rest of
producers. First, it systematically restricts its production. In fact, its spare
capacity is much larger than the aggregate spare capacity of the rest of world
producers. Second, its production is quite volatile. The variance of Saudi oil
output has been very high compared to that of the rest of producers, even though
the Kingdom itself has witnessed few domestic shocks affecting oil production
directly.
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In this paper we show that one can rationalize the behavior of Saudi Arabia
as that of a dominant producer with competitive fringe. In the spirit of Salant
(1976), we build an industrial organization model into a general equilibrium
framework, assuming that the dominant supplier internalizes à la Stackelberg
the behavioral responses of fringe producers and oil consumers. Thus, Saudi
Arabia understands and exploits the fact that its oil output and demand for
inputs affects the supply of fringe producers, oil demand, and the oil price. The
result is that Saudi Arabia produces a smaller amount of oil than its capacity
given the oil price, which allows it to charge a markup over its marginal cost.
We evaluate the model’s performance relative to the data in one particular

episode, the first Persian Gulf War. The model reproduces quite well the more
than 50% jump in the output of Saudi Arabia in response to the combined
output collapse of Iraq and Kuwait. From the point of view of our model, this
behavior of the dominant supplier is entirely consistent with its own profit-
maximizing objective, as opposed to alternative non-economic (e.g. foreign
policy) considerations.1 It is optimal for the dominant supplier to increase
its output substantially, but not so much as to fully offset the output collapse
of the fringe, so that the oil price rises in tandem with oil sales.
The existence of a dominant supplier with monopolistic power introduces

a distortion in the oil market that potentially may affect households in oil-
importing countries. This distortion could, in principle, justify the introduction
of oil tariffs or other policy instruments by oil importing countries in order to im-
prove the welfare of their citizens by reducing the monopolistic rents extracted
by the dominant supplier. Unlike partial equilibrium settings assuming an ex-
ogenous oil price, our framework is well suited for tracing the general equilibrium
effects of these measures, working through the endogenously determined price of
oil. This paper shows that the net welfare effect on consumers of the dominant
supplier is null. The reason is that all monopolistic rents fall on the competitive
fringe and therefore the households of the oil-importing region are indifferent
between a market with or without a dominant supplier. As a consequence we
find that an oil consumption tax is not welfare improving.
We also show that technological advantage is a necessary condition for the

profitable existence of the dominant supplier. This technological advantage
allows Saudi Arabia to produce oil at lower costs and in a more elastic fashion,
which reduces the volatility in oil prices and quantities. This is because the
dominant supplier increases its market share when the oil price goes up, that is,
when oil demand is high or competitive supply is low, and vice versa. Finally,
we assess the desirability, from the point of view of the oil-importing region, of
a subsidy to oil production by the fringe. We find that the optimal subsidy to
fringe production is such that the oil price markup is completely eliminated and
the oil price is significantly reduced.
The structure of the paper is as follows. In section 2 we document the

features that make Saudi Arabia different from the rest of producers. In section 3
1 It does not mean that we discard any strategic consideration by Saudi Arabia when

deciding its oil output. It only means that alternative explanations, such as the one outlined
in this paper, are also possible and complementary.
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we present the general equilibrium model. In section 4 we simulate the dynamics
of a calibrated version of the model and compare them to the historical data.
In section 5 we assess the welfare impact of several counterfactual scenarios and
policy measures. And in section 6 we conclude.

1.1 Related literature

This paper is related to three different strands of the literature. In first place,
it relates to the large literature in energy economics about the structure of the
oil market, and in particular, about the behavior of OPEC.2 A large portion
of this literature suggests that the “dominant supplier with competitive fringe”
view of the oil industry is the one that best describes the empirical evidence.
Examples include Mabro (1975), Dahl and Yücel (1991), Adelman (1995), Al-
hajji and Huettner (2000a,b) and Brémond, Hache and Mignon (2011). In these
studies, the role of the dominant supplier is played either by Saudi Arabia alone
or together with Kuwait, UAE and Qatar (“the OPEC core”). This notwith-
standing, the empirical evidence is not conclusive, as stressed by Smith (2005)
or Almoguera and Herrera (2007). In contrast to this literature, our paper does
not formally test the market structure, but presents two stylized facts — the
large spare capacity of Saudi Arabia and the high volatility of its oil production
— that can be explained quantitatively by assuming that Saudi Arabia is the
dominant supplier in the market.
Second, our paper relates to the literature on taxation or, more generally,

public policy interventions in the oil market. Early works such as Bergstrom
(1982) and Maskin and Newbery (1990) were mainly concerned with the exer-
cise of monopsony power on the part of the importers, thus falling within the
optimal tariff framework. Within the literature on optimal taxation —where
the government of oil importing countries should raise revenues using different
(potentially distortionary) tax instruments —Goulder (1994) analyzes energy
taxes taking into account the effect of environmental damage, Rotemberg and
Woodford (1994) consider the impact of imperfect competition, and De Miguel
and Manzano (2006) analyze the case of a small open economy. Finally, Karp
and Newbery (1991) and Ulph and Folie (1981), discuss the possibility of time
inconsistency in models with a dominant supplier with competitive fringe and
a competitive set of importing countries.3 In contrast to these papers, we focus
on the static and dynamic welfare effects for the importers generated by the
exercise of monopolistic power by the dominant oil supplier in a general equilib-
rium setting. In the same line, we analyze whether these potential distortions
can (or should) be mitigated with diverse policy instruments, such as oil tariffs
or subsidies to oil producers.
Third, this paper relates to the literature on general equilibrium models that

2This literature is large. A good review is Al-Qahtani, Balistreri and Dahl (2008).
3See also “Raise the Gas Tax" by Gregory Mankiw in The Wall Street Journal, October

20, 2006; as well as the “Pigou Club Manifesto". Mankiw explicitly makes the point that
a consumption tax in the U.S. might be useful for capturing some of the oil rents of Saudi
Arabia.
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explicitly analyze the oil market. Recent progress includes papers by Bodenstein
et. al. (2010) and Leduc and Sill (2007), in which the oil price is determined
endogenously while oil supply is given as an exogenous endowment. Backus and
Crucini (2000) partially endogenize oil output by modelling it as the sum of
two terms: an exogenous shock meant to represent unpredictable OPEC supply
changes; and a term related to economic activity, which represents competitive
oil supply. In contrast, in our model, as in Nakov and Pescatori (2010a,b),
the oil market is characterized by the presence of a dominant oil supplier with
competitive fringe.
Our model differs from Nakov and Pescatori (2010a,b) in three main dimen-

sions: First, we consider a more detailed structure of oil producers, taking into
account the process of capital accumulation in the oil industry.4 Second, we
take into account the distinct trends in oil production, oil price and the general
economy. We do so by assuming a secular component of oil productivity to
capture the fact that, over time, the cheaper sources of oil production are ex-
hausted before the more expensive ones. Third, we assume, in contrast to most
of the previous literature, that oil is a final good that produces utility to the
households in the importing country, instead of an input factor in the aggregate
production function.
The assumption that oil is produced at a growth rate smaller than that of

output is in line with the insights from the International Energy Agency (IEA
2008, p. 218). It is meant to reflect the idea that there is a (quasi-) infinite
amount of oil to be extracted at increasing marginal costs, in contrast to the
traditional assumption that oil is a finite endowment that can be extracted at
no cost. Indeed, in reality oil can be produced at increasingly higher marginal
costs from several resources other than conventional crude, such as bitumen, oil
shales, diverse gases and even coal.5 Therefore, the total volume of resources
that can be transformed into “oil” at increasing marginal costs is very large
compared to the current level of conventional oil reserves. In other words, as
the world consumes more and more oil, there is no risk of running out of reserves,
but of running out of “cheap”reserves.
The inclusion of oil as a consumption good rather than as a factor of pro-

duction is motivated by the recent empirical literature on the channels of trans-
mission of oil price shocks to the economy. Edelstein and Kilian’s (2009) and
Kilian’s (2008a) estimates suggest that the primary channel of transmission is
through their effect on households’demand for goods and services, rather than
as an input in production.6 In the same line, Hamilton (2009) states that a
key mechanism whereby energy price shocks affect the economy is through a
disruption in consumers’and firms’spending on goods and services other than
energy. Lee and Ni (2002) document how most U.S. firms perceive energy price

4We also abstract from many details unrelated to the question analyzed in this paper, such
as sticky prices and monetary policy.

5Germany, for example, produced during World War II more than half of its oil supply
from syntetic fuel derived from coal. See Yergin (1992).

6According to the International Energy Agency (IEA, 2009), in recent years more than
three quarters of global oil usage is in transportation and heating.
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shocks as shocks to the demand for their products, rather that shocks to their
production costs. Kilian and Park (2009) analyze the reaction of U.S. stock re-
turns to oil price shocks and find evidence that the transmission to the economy
is driven not by domestic costs but by shifts in the final demand for goods and
services.

2 Is Saudi Arabia like the other Producers?

In this section, we analyze two particular features that make Saudi Arabia
different from the rest of oil producers. The first one is its large spare capacity
and the second one the large volatility of its oil production.

2.1 Spare Capacity

If we take a closer look at the last four decades of oil market data what emerges
is a picture of a granular oil industry. To take an example, the combined out-
put of five of the largest oil companies: Aramco (Saudi Arabia), NIOC (Iran),
KPC (Kuwait), PDV (Venezuela), and INOC (Iraq), all of them 100% owned by
OPEC member states, accounts for as much as a third of global oil production.
Moreover, the same five companies control more than half of the world’s “proven
reserves”, known oil deposits which can be economically extracted at prevail-
ing prices using existing technology (IEA, 2008). Focusing on Saudi Arabia’s
national oil champion, Aramco, it is a company which alone accounts for more
than a tenth of global oil production and a fifth of total proven reserves. It is
hard to square its activities with a profit-maximizing price-taking framework.
Table 1 reports data about oil output and spare capacity for the main OPEC

producers taken from the International Energy Agency (IEA) “Oil Market Re-
port”. Spare capacity is defined as “capacity levels that can be reached within
30 days and sustained for 90 days”. No data is provided by the IEA about
non-OPEC producers, including Russia, since they are assumed to produce at
full capacity. We have chosen to represent three points in the last 10 years.
We complement it with Figure 1, which displays the evolution of spare capacity
in the last decade for a subsample of the four largest OPEC producers (Saudi
Arabia, Iran, Iraq and Venezuela).
Results indicate that Saudi Arabia maintains a large percentage of its pro-

duction capacity idle. The table reports values that range from 1/3 to 1/6.
The average value of its spare capacity has been around 75 percent of its pro-
duction. In comparison, the rest of producers, especially the large ones such
as Iran, Iraq or Venezuela, have been producing very close to full capacity.7

Here we have used standard measures of spare capacity from the International
Energy Agency and Bloomberg. Nevertheless, according to other accounts such
as Kilian (2008b) or Baumeister and Peersman (2012), spare capacity might
have shrunk considerably in recent years. Even if that were the case, this does

7 Iraq in the mid 2000s was an exception due to the war and the embargo.
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not detract from the fact that historically Saudi Arabia has had ample spare
capacity.

2.2 Volatility

Table 2 reports data about the volatility in oil production. To construct this
table we have employed production data from the Energy Information Adminis-
tration “Monthly Energy Review”. Data spans from January 1973 to May 2011.
In the first three columns, we compute the production share as the production
of each individual producer over the global production. In order to remove
long-run trends, the data has been filtered using a band-pass filter à la Baxter
and King (1999). The lower frequency is 1/180 cycles per month equivalent to
a period of 15 years and the upper frequency is 2/5 cycles per month or two
and half months.8 Then we compute the standard deviation of the detrended
share. In the last three columns we directly compute the standard deviation of
the growth rates of production.
Results clearly show how Saudi Arabia’s oil output share has been extremely

volatile during the last four decades. Its standard deviation has been well above
that of the rest of countries except Iraq in the period 1991-2011. In the case of
growth rates, results are more heterogeneous as small producers such as Qatar,
Norway or the UK are typically more volatile than large ones. Nevertheless,
Saudi Arabia’s oil production has been extremely volatile compared to other
major oil producers. Its monthly standard deviation (6.6%) has been well above
the one of USSR-Russia (1.3%) or the United States (2.2%). In addition, the
volatility of the aggregate growth rate of all producers except Saudi Arabia is
1.5% (not shown in the table), much less than the 6.6% of Saudi Arabia.
Although other large OPEC producers such as Iran, Iraq, Nigeria or Venezuela

have displayed even larger growth rates volatilities, unlike Saudi Arabia these
other countries experienced war, strikes, and political turmoil that directly af-
fected their oil production. Compared to these countries, Saudi Arabia was an
island of stability. According to the U.S. Energy Information Administration’s
“offi cial oil market chronology”, the only instances when Saudi oil production
was directly affected by exogenous events were a fire at the Abqaiq facilities
which halved production in 1977, the “tanker war”in 1984, when several Saudi
tankers were destroyed during the Iraq-Iran conflict, and the attacks by Iraqi
missiles during the first Gulf war in 1991. Apart from these episodes, most
changes in Saudi oil production were the result of more or less rational deci-
sions, and not the consequence of disruptions in their production capabilities.
Figure 2 displays the oil market shares of the four major OPEC producers.

The high volatility of Saudi Arabia’s production compared to the other pro-
ducers is clearly visible. In addition, sudden changes in the production of the
other producers are the result of domestic shocks, such as the strikes in Iran or
Venezuela or Iraq’s wars, whereas in the Saudi case they cannot be attributed

8These long-run trends are present only at the invidual level in some producers due to the
discovery of new reserves or to the progressive exhaustion of old oil fields. They cancel out at
the aggregate level. We lose the first and last 3 years in the sampling process.

6



to any internal shock. Particularly striking is the case of the Persian Gulf war
of 1990-91 where there is an abrupt fall in Iraq’s production followed by a large
increase in Saudi Arabia’s output, not observed in other producers.
The conclusion is that Saudi Arabia, in contrast to the rest of OPEC and non

OPEC producers, systematically produces well below its capacity and moreover
does so in a very volatile way.

3 Model

Our model of the global oil market comprises three regions: one oil-importing
and two oil-exporting. The oil-importing region imports oil for use in consump-
tion, and employs labor and capital in the production of final goods, part of
which are consumed domestically, and the rest are exported to the two oil-
producing regions.
Oil is a homogeneous commodity supplied by a dominant supplier and a

fringe of competitive oil producers. The fringe take the oil price as given when
choosing their production level. The dominant supplier faces a downward slop-
ing residual demand curve and picks the profit-maximizing points on that curve
at each point in time and in each state of nature. Oil exporters produce oil
only and their revenue is recirculated to the oil-importing region in the form of
demand for final consumption and investment goods.
Our model of the oil industry is in the spirit of Salant (1976) who used a

similar structure to study the Nash-Cournot equilibrium in which the dominant
supplier takes as given the output path of the fringe. Instead, we build this
industrial structure into a general equilibrium framework, assuming that the
dominant supplier is aware that it can manipulate à la Stackelberg the choices
both of the competitive fringe, and of the oil importer. For example, the domi-
nant supplier understands that a change in its own oil supply will have an impact
on oil demand, oil supply by fringe producers, and the oil price. In order to
provide more realism, we assume that the dominant supplier is a monopolist on
the short-term residual demand but has information limitations regarding its
long-term demand.
Except for the difference in market power, which is founded on a techno-

logical gap between the two types of oil producers, the competitive fringe and
the dominant supplier are modelled symmetrically. This implies that, by appro-
priate choice of parameters of the oil production technology, our model spans
the space from the extreme case of perfect competition to the opposite extreme
of single monopoly. Our preferred calibration is one in which the dominant oil
producer maintains an average market share of 12%, which corresponds roughly
to the market share of Saudi Arabia since 1973.
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3.1 Oil-importing region

A representative household has a period utility function which depends on con-
sumption, Ct, oil Ot, and labor lt, and takes the form

U(C,O, l) = log(C) + νtO
1−η/(1− η)− l1+ω/(1 + ω),

where η and ω are oil demand and labor supply elasticities.9

The household faces the period budget constraint

Ct + It +Bt + PtOt = wtlt + rktKt−1 + rt−1Bt−1, (1)

which equates income from labor, wtlt, capital, rktKt−1, and bonds, rt−1Bt−1,
to outlays on consumption, Ct, capital investment, It, new one-period bonds,
Bt, and oil, PtOt; Pt denotes the real price of oil, while wt denotes the real wage.
We assume that all oil must be consumed within the period of production.10

Capital is accumulated according to

Kt = (1− δ)Kt−1 + It, (2)

where δ is the depreciation rate of installed capital.
The household chooses Ct, Ot, Bt, It, Kt, and lt, to maximize expected

present discounted utility

max
Ct,Ot,Bt,It,Kt,lt

Eo
∑∞

t=0
βtU(Ct, Ot, lt)

subject to the budget constraint (1), where 0 < β < 1 is a time preference
parameter.
Final goods are produced with labor and capital by a representative price-

taking firm, according to
Yt = (Ztlt)

α
K1−α
t−1 , (3)

with 0 < α < 1. Aggregate total factor productivity Zt follows an AR(1) process
in log differences: gzt = (1 − ρz)gz + ρzgzt−1 + εzt , with gzt ≡ log(Zt/Zt−1),
gz = E(gzt ) and εzt is a Gaussian innovation with mean zero and variance σ

2
z.

Utility maximization by households implies the following oil demand curve

νtCt = PtO
η
t , (4)

the labor supply curve
Ctl

ω
t = wt, (5)

9We use capital letters for non-stationary variables and lower-case letters for stationary
variables.
10As Litzenberger and Rabinowitz (1995) point out, oil storage “above ground" is limited

because of the high physical storage cost. Most of the oil “stored" above ground is oil in transit
in pipelines or tankers. Relaxing this assumption to allow for delay between production and
consumption does not affect significantly our main results.
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and the Euler equations

1 = βEt

[
Ct
Ct+1

(
rkt+1 + (1− δ)

)]
, (6)

and

1 = βEt

[
Ct
Ct+1

]
rt. (7)

Profit maximization by price-taking firms implies the following labor demand

wtlt = αYt, (8)

and capital demand
rktKt−1 = (1− α)Yt. (9)

The region’s resource constraint states that total output, Yt, must equal the
sum of consumption, Ct, investment, It, and current account, (PtOt +Bt − rt−1Bt−1) .

Yt = Ct + It + (PtOt +Bt − rt−1Bt−1) . (10)

3.2 Competitive fringe of oil exporters

A representative household maximizes the present discounted flow of utility from
consumption,11

max
C̃t,Ĩt,B̃t

Eo
∑∞

t=0
βt log(C̃t)

subject to the period budget constraint

C̃t + Ĩt = r̃kt K̃t−1 + D̃t + B̃t − r̃t−1B̃t−1,

where consumption, C̃t, and investment, Ĩt, are both purchased from the oil-
importing region, r̃kt is the rental price of capital K̃t rented out by the household
to oil firms, B̃t are one-period bonds that pay an interest of r̃t and D̃t are oil
firm dividends rebated lump sum to the household.
The household invests in capital according to

K̃t = (1− δ) K̃t−1 + Ĩt.

A representative fringe firm, owned by the household, maximizes period
profits

D̃t = max
X̃t,K̃t−1

(
PtÕt − X̃t − r̃tK̃t−1

)
subject to the production technology

Õt = Z̃tũtK̃t−1, (11)

11We decorate variables belonging to the competitive fringe by tildes (e.g. X̃t), and variables
belonging to the dominant firm by hats (e.g. X̂t).
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taking the oil price as given, where Z̃t is the productivity of oil production

and
(
ũtK̃t−1

)
is the effective capital in the oil industry, defined as the prod-

uct of capital utilization ũt and installed capital K̃t−1. Productivity Z̃t =
ãtZ̃0 exp(gz̃t) follows an exogenous process with a secular trend component
Z̃0 exp(gz̃t), with gz̃ < 0, and a stationary AR(1) component in logs, log(ãt) =
ρã log(ãt−1) + εãt with persistence ρã and a Gaussian innovation ε

ã
t with mean

zero and variance σ2
ã. The downward trending component of oil productiv-

ity, Z̃0 exp(gz̃t), is introduced to capture the fact that, over time, the cheaper
sources of oil production are exhausted before the more expensive ones.
We assume variable capital utilization. In order to operate the installed

capital, i.e. to have a capital utilization rate above zero, the representative
fringe firm employs the intermediate good X̃t purchased from the oil-importing
region and rents the capital K̃t from the household given a decreasing returns
to scale function. The capacity utilization rate of installed capital is given by

ũ(X,K) ≡ (X/K)
γ̃
, (12)

so that the oil production technology results in

Õt = Z̃tX̃
γ̃
t K̃

1−γ̃
t−1 . (13)

Optimal oil supply by competitive fringe producers implies

γ̃Pt = X̃t/Õt, (14)

while optimal capital accumulation is given by

1 = βEt

[
C̃t

C̃t+1

(
(1− γ̃)Pt+1

Õt+1

K̃t

+ (1− δ)
)]

,

and optimal bond-holding yields

1 = βEt

[
C̃t

C̃t+1

]
r̃t.

Combining (13) and (14), the short-run supply curve is

γ̃Pt =
Õ

1/γ̃−1
t

Z̃
1/γ̃
t K̃

1/γ̃−1
t−1

. (15)

The region’s resource constraint is

PtÕt = C̃t + Ĩt + X̃t + B̃t − r̃t−1B̃t−1. (16)
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3.3 Dominant oil exporter

The dominant producer’s economy has a structure symmetric to that of fringe
producers, except that there is a single oil firm. The firm produces oil, Ôt,
according to

Ôt = ẐtX̂
γ̂
t K̂

1−γ̂
t−1 , (17)

using an imported intermediate good X̂t and capital K̂t−1. We assume that
the dominant supplier’s technology evolves deterministically according to Ẑt =
Ẑ0 exp(gẑt) where gẑ = gz̃, that is, unlike the fringe, the dominant supplier’s
output is not directly affected by productivity shocks. Capital is accumulated
by purchasing Ît units of the investment good from the oil-importing region and
the representative household receives a stream of log utility from consumption
Ĉt.
The substantial difference with the competitive fringe is that the dominant

oil supplier has market power: it is aware of the dependence of fringe oil supply,
of oil demand, and of the equilibrium oil price on its supply decision. We assume
that the dominant supplier chooses a state-contingent plan which maximizes the
expected present discounted utility of its owners, subject to the demand by the
oil-importing region, the supply of competitive fringe producers, and clearing in
the oil market.
Thus, the decision problem of the dominant oil producer is to

max
Ĉt,,B̂t,X̂t,K̂t,Pt

Eo
∑∞

t=0
βt log(Ĉt)

subject to oil demand (4), fringe oil supply (15), its production technology (17),
the oil market clearing condition

Ot = Ôt + Õt (18)

and its resource constraint

PtÔt = Ĉt + K̂t − (1− δ)K̂t−1 + X̂t + B̂t − r̂t−1B̂t−1. (19)

This amounts to assuming that while Saudi Arabia acts as a monopolist
supplier of its residual demand in the short-run, it lacks information regarding
the long-run (typically secret) investment plans of its competitors and the effect
that its decisions may have on labor demand or capital accumulation in the
oil-importing region.
The solution to the above problem under commitment yields the following

first-order conditions (see Appendices B and C for details):

1 = βEt

[
Ĉt

Ĉt+1

]
r̂t,

γ̂(Pt + Λt) = X̂t/Ôt,
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1 = βEt

[
Ĉt

Ĉt+1

(
(1− γ̂) (Pt+1 + Λt+1)

Ôt+1

K̂t

+ (1− δ)
)]

,

where Λt is the Lagrange multiplier associated with equation (18)

Λt = − PtÔt(
1
ηOt + γ̃

1−γ̃ Õt

) . (20)

Notice that equation (20) can be also expressed as

Λt = − Ôt(
Ot
Pt

ΦD + Õt
Pt

ΦS

) ,
where ΦD ≡ − Pt

Ot
∂Ot
∂Pt

= 1
η is the short-run oil demand elasticity from (4) and

ΦS ≡ Pt
Õt

∂Õt
∂Pt

= γ̃
1−γ̃ is the short-run fringe supply elasticity from (15).

The dominant oil supplier extracts a pure rent by picking the profit-maximizing
point on the residual demand curve, where marginal revenue equals his marginal
cost. Thus, one can derive

Proposition 1 The steady-state price mark-up of the dominant oil producer is
given by

µ ≡ P

M̂C
= Υrγ̂−γ̃ , (21)

where M̂C is the marginal cost of the dominant supplier’s oil firm, r = gz/β +
δ − 1 is the steady-state return on capital used in oil production and Υ ≡
Ẑ0γ̂

γ̂(1 − γ̂)1−γ̂/
[
Z̃0γ̃

γ̃(1− γ̃)1−γ̃
]
is the steady-state technological advantage

of the dominant supplier over the fringe.

Proof. See Appendix A

Corollary 2 In the case in which γ̃ = γ̂ (the two technologies are symmetric),
a dominant producer can exist profitably as long as it enjoys an average cost
advantage, Ẑ0 > Z̃0.

Proof. See Appendix A

Corollary 3 When γ̃ = γ̂, the degree of competition is related to the size of the
technological gap Z̃0/Ẑ0 ∈ [0, 1] . As Z̃0/Ẑ0 −→ 1, the model approaches perfect
competition in oil production.

The oil market share of the dominant producer can be expressed as a function
of the short-run supply and demand elasticities and the mark-up:

Proposition 4 The steady-state oil market share of the dominant producer is
given by

Ô

O
=

ΦS + ΦD
ΦS − µ

.

Proof. See Appendix A.
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3.4 Market clearing and balanced growth path

In equilibrium, all markets clear. For simplicty, we assume financial autarky
and thus12

Bt = B̃t = B̂t = 0. (22)

Oil market clearing is
Ot = Ôt + Õt. (23)

And goods market clearing is

Yt = Ct + It + C̃t + Ĩt + X̃t + Ĉt + Ît + X̂t. (24)

The model incorporates secular trends in the growth rate of final goods
technology (Zt), oil production technology (Z̃t and Ẑt), and oil effi ciency (νt).
Stationarity of Saudi Arabia’s market share requires gz̃ = gẑ. In a steady-
state with balanced growth, the ratio PtOt/Yt must remain stationary. Given
gz̃ = gẑ, since Ot grows at rate gz + gz̃ = gz + gẑ, while Yt grows at rate gz, for
the ratio PtOt/Yt to remain stable, Pt should grow at rate −gz̃. This leads to
the following

Proposition 5 The real price of oil grows at rate −gz̃ over time.

Similar to Hassler et al. (2010), we assume that the oil-importing country
constantly improves its oil effi ciency, captured by a secular upward trend in νt.
Tthe existence of a “balanced growth path”, in which the share of oil expenditure
in GDP remains stable, requires a particular value for the rate of change of νt.

Condition 6 Oil effi ciency νt grows at rate (η − 1)
(
gz + gz̃

)
.

The variable νt scales the utility of consumption of oil in terms of the utility
of consumption of final goods. One of the first-order optimality conditions is
the oil demand curve, νtCt = PtO

η
t . Along the balanced growth path, Ct grows

at rate gz while PtO
η
t grows at rate η

(
gz + gz̃

)
− gz̃. Hence, along the balanced

growth path νt must grow at rate (η − 1)
(
gz + gz̃

)
. Since in the data the trend

in oil production is positive,
(
gz + gz̃

)
> 0, for values of η > 1, energy effi ciency

must increase over time. In particular, we assume that oil effi ciency takes the
form

νt = ν0

(
Zte

gz̃t
)η−1

,

which satisfies the previous condition.
Finally, as discussed in section 2, capacity utilization in the data is computed

as the ratio of actual output to “sustainable production capacity”, where the
latter is defined as the production level that can be reached within 30 days and
sustained for 90 days. In the model, the capacity utilization of the dominant

12However, we have also analyzed alternative possibilities, such as considering each region
as a small open economy, and results do not change qualitatively. Results are available upon
request.
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supplier is defined as the use of its installed capital, given the oil production
technology. This amount is normalized by the corresponding use of capital by
competitive producers, who are assumed to operate at 100 percent of capacity.
Using the above definition, we can derive an expression for the capacity utiliza-
tion of the dominant oil producer relative to that of the competitive fringe,

u(X̂, K̂)/u(X̃, K̃) =
(
X̂/K̂

)γ̂
/
(
X̃/K̃

)γ̃
. (25)

4 Oil market dynamics

In this section we analyze whether the model can reproduce the observed volatil-
ity in the production of Saudi Arabia. To this end we calibrate the model to
replicate certain moments observed in the data and then analyze the counter-
factual volatility of Saudi Arabia’s production. In order to gain further insight,
we analyze the impulse responses and we study a particular episode (the First
Gulf War) in light of the model. We show how the extreme volatility of Saudi
Arabia’s oil production can be explained as the rational response of a dominant
supplier facing stochastic changes of the oil demand and of the competitive
supply.

4.1 Calibration

The baseline calibration is shown in Table 3. The working frequency of our
model is monthly. We calibrate the trend and time preference parameters as
follows. The secular growth rate of technology of the oil-importing region is set
to exp(gz) = 1.031/12, consistent with an average world output growth rate of 3
percent per year for the period from 1973 to 2009. Given this, we set the time
preference parameter to β = 1.01−1/12 equivalent to an average real interest
rate of 4 percent per year.
Based on the stationary market share of Saudi Arabia in the data, we impose

equality between the growth rates of the dominant oil producer and the fringe,
gẑ = gz̃. The average growth rate of total oil production is 0.8 percent per year
in the data. In the model this must equal the sum of the growth rate of the
inputs of oil production, gz, and the growth rate of the oil production technology
itself, gz̃, implying a value for exp(gz̃) = 0.9982 on a monthly basis.13 Given
Proposition 5, the latter implies that the real oil price must grow at an annual
rate of 2.2 percent, which is consistent with the average growth rate actually
observed in the data.
Second, we set three parameters governing the oil-importing region’s labor

disutility, technology, and capital depreciation, to their typical values in the
RBC literature: the inverse Frisch elasticity is set to ω = 1, the labor share in

13Note that the net growth rate of oil production TFP is negative. Increasing marginal costs
of maintaining a given rate of extraction in the face of higher amounts of resource depleted
(the depletion effect, see e.g. Farzin, 1992) provide a potential rationale for negative TFP
growth in oil production.
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the production of final goods is set to α = 0.67; and the depreciation rate is set
to δ = 1.101/12−1, consistent with 10% annual depreciation of installed capital.
Third, the price elasticity of oil demand in the model is P

O
∂O
∂P = 1

η . There
is a certain disagreement in the literature about the value of this parameter.
We consider two possibilities. First, we set η = 4, consistent with Kilian and
Murphy’s (2010) estimates of the short-run price elasticity of oil demand of
about 0.25. We also consider the alternative case η = 21, following Smith’s
(2009) estimates of the short-run price elasticity of oil demand of about 0.05.
We denote the first case as "high demand elasticity" and the second one as "low
demand elasticity".
Fourth, we calibrate jointly ν and the parameters of the two oil production

technologies (Z̃0, Ẑ0, γ̃, γ̂, ν0) as follows. We normalize the initial level of pro-
ductivity of the fringe to Z̃0 = 1.We then search for a vector (Ẑ0, γ̃, γ̂, ν0) which
allows the model to match an average “oil share in spending" of 5 percent of
GDP, as well as the following three averages for Saudi Arabia: a global market
share of 12.3%, capacity utilization of 75%, and a price mark-up of 25%. We
should stress that our measure of marginal costs includes not only the inter-
mediate input costs but also capital rents. The targets for Saudi Arabia are
calculated in the following way. The average market share is computed directly
from data on oil output provided by the Energy Information Administration for
the period from January 1973 to April 2009. The capacity utilization rate is
estimated around 75 percent based on data from IEA (2008, 2009). Data on
the average markup is hard to obtain, but we assume it to be around 25 percent
based on estimates of long-run marginal costs provided by IEA. This number
is also in line with estimates of the marginal revenue of OPEC members cited
by Smith (2009), who considers it a lower bound for the marginal revenue of
Saudi Arabia. We are able to approximate well these four targets by setting
γ̃ = 0.4 and, for the high-elasticity case, Ẑ0 = 1.8617, γ̂ = 0.4384, ν0 = 0.0087,
or Ẑ0 = 1.9838, γ̂ = 0.5, ν0 = 2.5092× 10−10 for the low-elasticity case.

Finally, in order to analyze the dynamics, we parameterize the two shock
processes as follows.14 We pick values for the autoregressive coeffi cients which
are consistent with a half-life of one year, ρZ = 0.944 and ρã = 0.944, which
is equivalent to 0.5 on an annual basis. This may overstate somewhat the
persistence of the growth rate of US TFP, but we really mean the demand shock
to represent a persistent TFP increase in developing countries such as China,
not the US. We then set the standard deviations of the two innovations to
σZ = 0.004 and σã = 0.05 (0.04 for the low-elasticity case) so as to match the
monthly standard deviations of the log-difference of the real oil price, and of
total oil output.

14 Ideally, one would like to estimate these processes from the data. Computing them as
Solow residuals is subject to well-known diffi culties related to the correct measurement of
inputs. On the other hand, a full-blown Bayesian estimation of the model is beyond the scope
of this paper.
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4.2 Explaining the volatility of Saudi Arabia’s output

Table 4 summarize the fit of our model to relevant second moments of the data.
The four series of interest are: the log-differences of total oil output, of Saudi
Arabia’s oil output, and of the fringe oil output; and the log-difference of the
real oil price.15 The key point is that the model is successful at reproducing the
observed volatility of the growth rate of Saudi Arabia’s production computed
in Table 2 even if Saudi Arabia is not affected by any domestic shock to its
production.
Figure 3 shows the general equilibrium responses of several variables of inter-

est to each of the two shocks. We display the results only for the high-elasticity
calibration, as they are qualitatively similar in both cases. The dashed line
shows the responses to a one-standard deviation drop in the productivity of the
fringe. This is an example of a transitory “negative oil supply shock”with a
half-life of one year. As a result, the oil output of the fringe falls by 3% on im-
pact, while the output of the dominant oil producer increases by as much as 6%,
raising its market share by around 1 percentage point. The increased production
of the dominant oil supplier is not suffi cient to fully offset the output decline of
the fringe; hence, total oil supply falls by around 2%, while the oil price rises by
8%. These impulse-responses are in line with the observed behavior in episodes
of “negative oil supply shocks”, for instance during the Iranian revolution and
during the first Gulf war. In both cases the fall in fringe production —of Iran
in the first episode and Iraq and Kuwait in the second —was accompanied by a
surge in the oil price and a sharp increase in Saudi Arabia’s oil output.
The solid lines in Figure 3 show the responses to a type of “positive oil de-

mand shock”, namely an unexpected one-standard deviation rise in the growth
rate of TFP of the oil-importing region, resulting in a permanent rise of the
level of TFP.16 As a consequence of this shock, the output of the oil-importing
region rises gradually towards its new, higher, balanced growth path, as does
oil consumption. The oil price at first rises gradually, peaks at 4% above its
balanced growth path around two years after the initial impulse, and then de-
cays back towards its steady-state path. Both the fringe oil producers and the
dominant oil supplier increase their output, although the dominant producer
does so a bit faster, so that its market share slightly increases. These responses
are consistent with episodes of (negative) oil demand shocks such as the dotcom
bust and the sub-prime crisis. In both cases Saudi Arabia reduced significantly
its oil output in response to dwindling global demand and a falling oil price. In
contrast to the supply shock, in this case the oil price rise is associated with a
rise in the GDP of the oil-importing region following the cumulative rise in its

15Data on oil supply are taken from the Energy Information Administration’s Monthly
Energy Review. The real oil price is the nominal spot West Texas Intermediate price, deflated
by U.S. CPI. Data on the nominal oil price and U.S. CPI, are taken from the FRED II online
database.
16There can be other types of demand shocks. Bodenstein and Guerrieri (2011), for example,

show that much of the demand since 2003 did not come from TFP but from changes in oil
intensity, which in our paper would be associated to changes in νt. Kilian (2009) discusses
how changes in TFP are not enough to explain changes in oil demand.
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TFP. As pointed out by Kilian (2009), and Nakov and Pescatori (2010a), it is
natural that different fundamental shocks should induce different co-movement
between the oil price, oil supply, and the GDP of the oil-importing region.
The above exercises build confidence that profit maximization on behalf of

the dominant producer with spare capacity goes a long way in explaining why
Saudi Arabia increases strongly its output in response to supply disruptions
elsewhere, while it reduces its production aggressively when oil importers are
hit by a recession.

4.3 Event study: the Persian Gulf war of 1990-91

In this section we analyze how well our model can account quantitatively for a
particular episode that can broadly be seen as a supply shock: the first Gulf
War.
In August 1990 Iraq invaded Kuwait on the pretext that Kuwait was stealing

oil across the border by “slant-drilling" into Iraq’s Rumaila oil field. Because of
the war and the trade embargo imposed by the UN, the combined oil supply of
the two countries fell by more than 5.3 million barrels per day (mbd), while the
oil price surged from $19 per barrel in July to $34 per barrel in September 1990.
The reaction of Saudi Arabia was quite powerful: it raised its own oil production
from 5.4 mbd in July 1990 to 7.6 mbd in September, and to 8.4 mbd by the end
of 1990, a 56% increase in just a few months! Other major oil producers did
not increase their production significantly: Iran and the US increased their oil
output by only 0.2 mbd, while the Soviet Union actually reduced its production.
A similar pattern of collapsing Iraqi oil supply accompanied by a sizable increase
in Saudi Arabia’s oil output was observed also in the second Persian Gulf war
of 2003.
The prevailing hypothesis for the decision of Saudi Arabia to drastically

increase its own oil supply is that it was based on non-economic considerations,
such as the desire to support the already flagging US economy facing a war with
Iraq (Yergin, 2008). Yet, as we saw in Figure 3, this same behavior of increasing
its own supply (but not enough to fully offset the impact of the initial shock
on the oil price), is also consistent with the purely economic objective of profit
maximization by the dominant supplier. Indeed, given a negative supply shock
experienced by the fringe, it is optimal for the dominant supplier to let profits
rise through a combined increase of both the oil price and the quantity of oil
sold.
In Figure 4 we assess the ability of our model to account quantitatively for

this episode. In particular, we use a Kalman filter based on the state-space linear
solution of the model to estimate a sequence of shocks to fringe productivity
such that the fringe oil output predicted by the model matches exactly its actual
amount in the data (see the top left panel). We then contrast the actual with
the model-implied evolution of Saudi Arabia’s oil output, total oil production,
and the real price of oil.
The figure illustrates that the model is successful at predicting the surge

in Saudi Arabia’s oil production, and the fact that this surge was less than
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suffi cient to prevent a decline in total oil output.17 This is particularly true for
the model with low demand elasticity (η = 21). As for the oil price, in the case
of low-demand elasticity, the model predicts well the initial jump from around
$20 to around $35 per barrel; after that, however, the model predicts that the oil
price would remain around $35 while the actual oil price gradually fell back to
$20 in the course of the year. In the case of high-demand elasticity, the pattern
is similar but the oil price only increases to $28. Part of the explanation for
the subsequent decline of the oil price observed in the data may be the US
recession from July 1990 to March 1991. This is consistent, from the point of
view of our model, with an autonomous drop in US TFP, a channel which we
have deliberately shut down in this exercise.18

The fact that we are able to explain the behavior of Saudi Arabia as a
dominant supplier does not imply that we reject additional explanations based
on geopolitical reasons. Probably various factors contributed. However, if Saudi
Arabia is the dominant supplier in the oil market, this may have important
welfare implications for other countries, an issue which we explore in the next
section.

5 The economic consequences of Saudi Arabia

In this section we explore the consequences of the presence of a dominant sup-
plier in the oil market. First we analyze two counterfactual scenarios with a
competitive oil market. Then we analyze whether it is possible to improve the
welfare of households in the oil-importing countries by two policy interventions
in the oil market. All of the following results are qualitatively similar for both
cases of high and low oil demand elasticities. For brevity, we only report results
for the high elasticity case (η = 4).

5.1 Welfare analysis

Table 5 displays the comparison among three different scenarios. In the first
column, we present the ‘baseline’calibration described in the previous section.
In the second column (‘competitive market - standard production’), we analyze
a case in which Saudi Arabia loses its technological advantage in oil production
with respect to the other producers. In particular, we assume that γ̂ → γ̃
and Ẑ0 → Z̃0. In this case, Saudi Arabia becomes an atomistic price-taker who
cannot influence the oil price. The oil market is thus competitive. Finally, in
the third column (‘competitive market - superior production’), we consider the
alternative case in which the reason why Saudi Arabia has no advantage with

17Due to its simplicity, the model fails to capture the lag in the response of Saudi oil
production after the decrease of the fringe oil output.
18Alquist and Kilian (2010) and Kilian and Murphy (2010) have stressed the speculative

demand shock component of that price increase, which may help explain why the model with
high-demand elasticity fails to fully account for the increase in the oil price and in Saudi
Arabia production.
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respect to the other producers is because the other producers are endowed with
the same low-cost production technology, that is, γ̃ → γ̂ and Z̃0 → Ẑ0.
Comparing the baseline with the "standard production" scenario it turns

out that, in steady-state, the presence of a dominant supplier does not affect
the oil-importing country. Consumption, employment and oil imports are the
same with and without the dominant supplier. The main welfare losers are
competitive fringe’s households, as they lose 14% of consumption-equivalent
welfare due to the presence of Saudi Arabia. This means that, in steady-state,
the oil importing region is indifferent between the baseline market and a perfect
competition setting in which Saudi Arabia cannot produce oil cheaper than the
rest of producers. This is because competitive fringe households are the ones
that bear the burden of the monopoly.
Introducing the superior production scenario allows us to analyze the effect

of cheaper oil production. If competitive fringe oil firms were able to produce oil
with the same production technology as Saudi Arabia, they would again drive it
out of the market. However, the steady-state equilibrium in this case would be
welfare-improving for the oil importers. Oil prices would fall 15% with respect
to the balance-growth trend, allowing an increase in oil consumption of 4%.
This would imply an increase in consumption of 0.4% and an equivalent rise in
welfare of 1.1% in consumption terms. However, in this case households in the
competitive fringe would lose 16% of consumption due to the negative change
in their terms of trade.
Looking at volatilities we see how the presence of Saudi Arabia reduces the

volatility of oil prices and quantities compared to the other two scenarios. This
volatility reduction is a consequence of Saudi Arabia’s monopolistic behaviour.
In essence, Saudi Arabia introduces a monopolistic mark-up on the rest of pro-
ducers and at the same time it helps to reduce the volatility in the oil market
by acting as a swing producer.

5.2 Oil taxes and subsidies in general equilibrium

Finally, we turn to the question of policy. We have seen that, in steady-state, the
presence of a dominant oil supplier forces a markup distortion on the oil market.
Although this distortion does not reduce the welfare of the oil-importing region,
a natural question is whether this region can adopt any suitable fiscal policies to
increase its welfare in an imperfectly competitive oil market. One possible policy
is raising a tax on oil consumption; another is giving an investment subsidy to
fringe oil producers. Here we analyze these possibilities from the perspective of
our general equilibrium model. Since the equilibrium oil price, oil supply, and
demand are all likely to be affected by any oil taxes or subsidies, our model,
which endogenously determines these variables, is better suited to addressing
the question of tax incidence than partial equilibrium frameworks which take
the oil price or oil supply as given.
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5.2.1 Oil consumption tax

To study the effects of a proportional tax on oil consumption, we modify the
budget constraint of the households of the oil-importing region as follows

Ct + It +Bt + (1 + τ)PtOt = wtlt + rktKt−1 + rt−1Bt−1 + Tt, (26)

where (1 + τ)Pt is the price of oil paid by the consumer and Tt = τPtOt is a
lump-sum rebate.
In general, it is not clear a priori how the burden of the tax is shared between

oil consumers and oil producers. It is possible, at least in principle, that a higher
oil consumption tax, by discouraging oil consumption, reduces the price of oil
so that some of the tax is effectively paid by oil producers.
Indeed, we find that oil consumption is discouraged by a positive oil con-

sumption tax (see Figure 5). Resources previously used for oil consumption
are now redirected to more final goods consumption and leisure. However, the
fact that final goods consumption increases while labor hours are reduced does
not necessarily imply that welfare rises. Indeed, the utility gain from increased
goods consumption and leisure is more than offset by the loss of utility from
less oil consumption. In this case, it turns out that the burden of the tax falls
entirely on consumers. At the same time, an oil consumption subsidy (τ < 0),
while increasing oil consumption and the utility derived thereof, reduces final
goods consumption and leisure in a way that total utility again is reduced. Thus,
in our model, the optimal oil consumption tax is zero from a welfare point of
view, despite the fact that final goods consumption increases while hours worked
fall with a positive tax.
These result should be of no surprise after the results displayed in Table

5. As oil-importing countries are not affected by the presence of the dominant
supplier, a distortionary tax on oil is suboptimal for them.

5.2.2 Fringe investment subsidy

We also analyze the case of an oil production subsidy. The latter might work by
offsetting what is effectively an oil production tax: the presence of a dominant
supplier supplying less oil than the competitive level despite lower costs. The
way we implement it is as a subsidy to the investment good purchased by the
competitive fringe to build up oil production capacity. This implies that the
household’s budget constraint of the competitive fringe becomes

C̃t + (1 + φ)Ĩt = r̃tK̃t−1 + D̃t + B̃t − r̃t−1B̃t−1, (27)

with φ < 0 denoting an investment subsidy (and φ > 0 denoting a tax). We
assume that the resources needed to finance this subsidy are raised in a lump-
sum manner from the oil-importing region,

Ct + It +Bt + PtOt = Yt + rt−1Bt−1 + Tt, (28)

with Tt = φĨt.
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Notice that, in principle, such a subsidy can eliminate completely the oil
profits of the dominant supplier:

Proposition 7 The oil price markup can be eliminated completely by subsidiz-
ing the capital investment of competitive fringe producers. The subsidy which
achieves this is

φ̄ = Υ−1 [gz/β − (1− δ)]
γ̃−γ̂
1−γ̃ − 1. (29)

Proof. See Appendix A.
We find that the maximum welfare is achieved for an oil production subsidy

of about 23% of the price of investment (φ̄ = −0.23). The subsidy works
by lowering the cost of oil production by the competitive fringe, increasing the
global oil supply, and lowering the market share of the dominant supplier to zero.
The net gains for the oil-importing region of this policy are significant: around
0.5% in terms of domestic consumption, or a net welfare gain equivalent to a
permanent increase of consumption by 1.2% when accounting for the changes
in oil consumption and hours worked.

6 Conclusions

A closer look at the international oil market reveals an industrial structure
which is quite different from the perfect competition paradigm. A single country
accounts for more than 10% of global oil supply. This country maintains ample
spare capacity and high volatility of its oil production. We show that these facts
can be accounted for quantitatively by a fairly standard model of a dominant
supplier with competitive fringe. In our model, it is in the dominant suppliers’
own interest to increase output when fringe production is hit by a negative
shock. The offsetting is incomplete by design, as it is optimal to let the oil price
rise in tandem with the dominant supplier’s oil output.
We use our model to quantify the distortion from the presence of a dominant

oil supplier. We show how the dominant supplier charges a mark-up over its mar-
ginal cost, thus distorting the market. However, households in the oil-importing
country are not affected in steady-state by the presence of the dominant sup-
plier, as all the monopolistic rents are paid by the competitive fringe. The
consequence is that a tax/subsidy on oil consumption is not welfare-improving
for the importers.
Importantly, our analysis of oil taxation ignores several important features

of the market. In particular, it abstracts from the environmental impact of oil
usage, the possibility of developing alternative energy sources or the financial
linkages among oil exporters and importers. Introducing some of these fea-
tures might modify our policy conclusions. We leave these questions for future
research.
Finally, it remains to be seen whether Saudi Arabia’s cost advantage will

be sustainable in the future, allowing it to have spare capacity and to continue
playing the role of a dominant supplier in the oil market.
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Appendix A: Proofs

Proposition 1

Proof. Since there are no barriers to entry in the competitive fringe, fringe
producers must earn zero profits. Thus, the real price of oil must equal the
marginal cost of the competitive fringe,

Pt = M̃Ct = [r̃t − (1− δ)]1−γ̃ /
[
Z̃tγ̃

γ̃(1− γ̃)1−γ̃
]
. (30)

The same formula replacing hats with tildes gives the marginal cost of the
dominant producer,

M̂Ct = [r̂t − (1− δ)]1−γ̂ /
[
Ẑtγ̂

γ̂(1− γ̂)1−γ̂
]
. (31)

The period t oil price markup for the dominant supplier is then

µt ≡
Pt

M̂Ct
. (32)

In steady-state the above expression reduces to (21), noticing that the steady-
state rental price of capital, pinned down by preferences and technology, is the
same across oil producers.

Corollary 2

Proof. In the symmetric case (γ̃ = γ̂), the average oil price markup (21)
reduces to µ = Ẑ0/Z̃0. The dominant producer will thus be profitable if and
only if Ẑ0 > Z̃0.

Proposition 4

Proof. Given equation (20)

Λ = − PÔ(
1
ηO + γ̃

1−γ̃ Õ
) ,

and given that the oil mark-up µ is P
P+Λ , we can solve

Ô

O
=

γ̃
1−γ̃ + 1

η

γ̃
1−γ̃ − µ

=
ΦS + ΦD
ΦS − µ

.

Proposition 7

Proof. Taking the investment subsidy into account, the markup of the domi-
nant supplier is

µ = Υ (gz/β − (1− δ))γ̂−γ̃ (1 + φ)
1−γ̃

. (33)

Solving this for φ while setting µ = 1 yields expression (29).
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Appendix B: The problem of the dominant sup-
plier and the stationary set of equations

The problem of the dominant supplier

The decision problem of the dominant oil producer is to maximize

max
Ĉt,B̂t,X̂t,K̂t,Pt

Eo
∑∞

t=0
βt log(Ĉt)

subject to oil demand

νtCt = PtO
η
t ,

fringe oil supply

γ̃Pt =
Õ

1/γ̃−1
t

Z̃
1/γ̃
t K̃

1/γ̃−1
t−1

,

its production technology

Ôt = ẐtX̂
γ̂
t K̂

1−γ̂
t−1 ,

the oil market clearing condition

Ot = Ôt + Õt,

and its aggregate budget constraint

PtÔt = Ĉt + K̂t − (1− δ) K̂t−1 + X̂t + B̂t − r̂t−1B̂t−1.

The problem can be expressed as

max
Ĉt,B̂t,X̂t,K̂t,Pt

Eo
∑∞

t=0
βt



log(Ĉt) + χt


Ot︷ ︸︸ ︷(

νtCt
Pt

) 1
η

−

Ôt︷ ︸︸ ︷
ẐtX̂

γ̂
t K̂

1−γ̂
t−1 −

Õt︷ ︸︸ ︷(
γ̃PtZ̃

1/γ̃
t

) γ̃
1−γ̃

K̃t−1


+ξt

Pt
Ôt︷ ︸︸ ︷

ẐtX̂
γ̂
t K̂

1−γ̂
t−1 − Ĉt − K̂t + (1− δ) K̂t−1 − X̂t − B̂t + r̂t−1B̂t−1




,

and the first order conditions are:
1

Ĉt
− ξt = 0,

−ξt + βEt
[
ξt+1

]
r̂t = 0,

−χtγ̂Ôt/X̂t − ξt + ξtPtγ̂Ôt/X̂t = 0,

−βEt
[
χt+1(1− γ̂)Ôt+1/K̂t

]
+ βEt

[
Pt+1ξt+1(1− γ̂)Ôt+1/K̂t + ξt+1 (1− δ)

]
− ξt = 0,

−χt
1

η

Ot
Pt
− χt

γ̃

1− γ̃
Õt
Pt

+ ξtÔt = 0.
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Defining Λt ≡ −χtξt , we can rearrange the conditions as

1 = βEt

[
Ĉt

Ĉt+1

]
r̂t,

γ̂(Pt + Λt) = X̂t/Ôt,

1 = βEt

[
Ĉt

Ĉt+1

(
(1− γ̂) (Pt+1 + Λt+1)

Ôt+1

K̂t

+ (1− δ)
)]

,

Λt = − PtÔt(
1
ηOt + γ̂

1−γ̂ Õt

) .
Stationary set of equations

Let’s define nt as the stationary version of a non-stationary variable variable Nt,

that is, nt ≡ Z0Nt
Zt

, ∀Nt ∈
[
Yt,Kt, Ct, It, K̃t, C̃t, Ĩt, X̃t, K̂t, Ĉt, Ît, X̂t, Bt, B̃t, B̂t

]
.

Let’s also define õt ≡ Õt
Zt exp(gz̃t) , ôt ≡

Ôt
Zt exp(gẑt)

, ot ≡ õt + ôt, pt ≡ Pt exp(gz̃t)

and λt ≡ Λt exp(gz̃t) as the stationary versions of the oil-market variables[
Õt, Ôt, Ot, Pt,Λt

]
. The complete set of stationary equations results in

Oil importing region:

yt = (Z0lt)
α
(
kt−1e

−gzt
)1−α

,

kt = (1− δ) kt−1e
−gzt + it,

ν0ct = pto
η
t ,

ctl
ω
t =

αyt
lt
,

1 = βEt

[
ct

ct+1e
gzt+1

(
(1− α)yt+1e

gzt+1

kt
+ (1− δ)

)]
,

1 = βEt

[
ct

ct+1e
gzt+1

]
rt.

yt = ct + it + ptot + bt − rt−1bt−1e
−gzt .
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Competitive fringe of oil exporters:

õt = Z̃0ãtx̃
γ̃
t

(
k̃t−1e

−gzt
)1−γ̃

,

k̃t = (1− δ) k̃t−1e
−gzt + ı̃t,

γ̃pt = x̃t/õt,

1 = βEt

[
c̃t

c̃t+1e
gzt+1

(
(1− γ̃) pt+1

õt+1e
gzt+1

k̃t
+ (1− δ)

)]
,

1 = βEt

[
c̃t

c̃t+1e
gzt+1

]
r̃t,

ptõt = c̃t + ı̃t + x̃t + b̃t − r̃t−1b̃t−1e
−gzt .

Dominant supplier:

ôt = Ẑ0x̂
γ̂
t

(
k̂t−1e

−gzt
)1−γ̂

,

k̂t = (1− δ) k̂t−1e
−gzt + ı̂t,

γ̂(pt + λt) = x̂t/ôt,

1 = βEt

[
ĉt

ĉt+1e
gzt+1

(
(1− γ̂) (pt+1 + λt+1)

ôt+1e
gzt+1

k̂t
+ (1− δ)

)]
,

1 = βEt

[
ĉt

ĉt+1e
gzt+1

]
r̂t,

ptôt = ĉt + ı̂t + x̂t + b̂t − r̂t−1b̂t−1e
−gzt .

λt = − ptôt(
1
ηot + γ̂

1−γ̂ õt

) .

Market clearing:

ot = õt + ôt,

bt = 0,

b̃t = 0,

b̂t = 0.
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Tables and figures

Table 1. Output and spare capacity of main OPEC producers (mbd)

Country May 2001 May 2006 May 2011
Output Spare capacity∗ Output Spare capacity∗ Output Spare capacity∗

Algeria 0.81 0.13 16% 1.36 0.01 1% 1.28 0.06 5%
Iran 3.71 0.35 9% 3.84 0.16 4% 3.60 0.11 3%
Iraq 2.78 0.02 1% 1.91 0.60 31% 2.74 0.06 2%
Kuwait 2.00 0.56 28% 2.51 0.09 4% 2.44 0.10 4%
Libya 1.36 0.15 11% 1.70 0.00 0% 0.10 0.00 0%
Nigeria 2.00 0.21 11% 2.27 0.34 15% 2.32 0.21 9%
Qatar 0.67 0.12 18% 0.83 0.01 1% 0.81 0.21 26%
Saudi Arabia 7.90 2.64 33% 9.35 1.45 16% 9.00 3.04 34%
UAE 2.26 0.39 17% 2.56 0.15 6% 2.42 0.27 11%
Venezuela 2.83 0.26 9% 2.60 0.15 6% 2.46 0.18 7%
Sources: International Energy Agency “Oil Market Report”

*The second column indicates spare capacity as a percentage of output
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Table 2. Volatility of production (%)

Country Production share Growth rate
Standard deviation∗ Standard deviation

1973-2011 1973-1991 1991-2011 1973-2011 1973-1991 1991-2011

OPEC
Algeria 0.10 0.12 0.07 4.36 6.08 1.13
Iran 0.88 1.25 0.16 14.85 20.93 2.32
Iraq 0.95 1.18 0.66 - - 36.29
Kuwait 0.61 0.81 0.30 - - 3.23
Libya 0.24 0.34 0.06 7.64 9.12 5.81
Nigeria 0.30 0.39 0.15 8.41 11.27 3.88
Qatar 0.07 0.09 0.04 12.96 18.02 3.62
Saudi Arabia 1.31 1.78 0.51 6.63 9.18 2.03
UAE 0.20 0.27 0.12 6.04 8.15 2.63
Venezuela 0.31 0.26 0.35 8.77 5.70 11.00

Non OPEC
Canada 0.13 0.14 0.12 5.47 7.08 3.15
China 0.12 0.14 0.10 3.04 4.03 1.52
Mexico 0.25 0.32 0.17 4.27 4.37 4.14
Norway 0.19 0.15 0.22 57.12 80.54 6.56
USSR - 0.75 - - 1.45 -
Russia - - 0.43 - - 1.18
UK 0.28 0.30 0.26 37.19 52.10 6.91
USA 0.47 0.61 0.26 2.20 1.37 2.79

Sources: Energy Information Administration “Monthly Energy Review”

*Filtered with a bandpass filter to remove the trend
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Table 3. Calibration

Parameter Value Target

High-elasticity Low-elasticicty

gz log(1.031/12) Average world output growth rate of 3 percent per year

β 1.01−1/12 Average real interest rate of 4 percent per year

gẑ, gz̃ log(0.9982) Average growth rate of total oil production of 0.8 percent per year

ω 1 Unit Frisch elasticity

α 0.67 US labor share

δ 1.101/12 − 1 10% annual depreciation of installed capital

γ̃ 0.4 SA price mark-up of 25%

ρZ 0.944 Half-life of the oil demand shock of 1 year

ρã 0.944 Half-life of the oil supply shock of 1 year

σZ 0.004 Total output volatility 2%

η 4 21 Short-run price elasticity of oil demand of 0.25 or 0.05, respectively

Ẑ0 1.8617 1.9838 Oil share of 5 percent of GDP

γ̂ 0.4384 0.5 SA global market share of 12%

ν0 0.0087 2.5092× 10−10 SA capacity utilization of 75%

σã 0.05 0.04 Oil price volatility 8%

Table 4. Data and model standard deviations*

Oil Oil Fringe Saudi
price output output output

Data 8.5 1.6 1.5 6.6
Model High elasticity 8.1 2.2 3.3 6.5

Low elasticity 8.3 1.2 1.7 6.4
*Standard deviations, in percentage points, of first log differences.
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Table 5. Welfare and volatility analysis

% Baseline Competitive market
standard prod. superior prod.

Balance growth path
Consumption∗ - 0 0.42
Oil price∗ - 0 -14.74
Oil output∗ - 0 4.17
Welfare∗∗ -

Importing country - 0 1.15
Competitive fringe country - 14.02 -15.60

Volatilities
GDP 1.34 1.34 1.34
Employment 7.31 7.33 7.30
Oil price 8.05 9.32 8.84
Oil output 2.24 2.53 2.43

∗Percentage changes from the steady state in the baseline scenario.
∗∗In consumption equivalent terms with respect to steady state in the baseline scenario.
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Figure 1: Spare capacity of the four major OPEC producers. In million barrels
per day (Source: Bloomberg)
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Figure 2: Market shares of the four major OPEC producers. Individual pro-
duction over world production (Source: Energy Information Administration)
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Figure 5: The effects of an oil consumption tax
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