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� We analyze the impact of the “shale oil revolution” on oil prices and economic growth.

� We employ a general equilibrium model of the oil market in which Saudi Arabia is the dominant firm.
� We find that most of the shale oil revolution is already priced in.
� We also analyze the decline in oil prices in the second half of 2014.
� We find that unanticipated supply shocks played the major role in the fall.
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a b s t r a c t

The aim of this paper is to analyze the impact of the so-called “shale oil revolution” on oil prices and
economic growth. We employ a general equilibrium model of the world oil market in which Saudi Arabia
is the dominant firm, with the rest of the producers as a competitive fringe. Our results suggest that most
of the expected increase in US oil supply due to the shale oil revolution has already been incorporated
into prices and that it will produce an additional increase of 0.2% in the GDP of oil importers in the period
2010–2018. We also employ the model to analyze the collapse in oil prices in the second half of 2014 and
conclude that it was mainly due to positive unanticipated supply shocks.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Oil markets have recently undergone a significant transforma-
tion with the unexpectedly strong rise in the US production of
shale oil. Shale oil refers to conventional oil (light oil with low
sulphur content) trapped in very low-permeability tight forma-
tions known as shales, which makes extraction difficult. The
combination of horizontal drilling techniques together with
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Financialization in Oslo and
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ors are ours.

(C. Belu Mănescu),
hydraulic fracturing, developed in the 1970s, and rising oil prices
have made the exploration and exploitation of large volumes of
shale oil possible. Shale oil is only one subset of a broader category
of unconventional oil – known as "tight oil" – which is conven-
tional oil trapped in very low-permeability formations and ex-
tracted by the unconventional methods mentioned above. How-
ever, the convention in the press is to use the terms “shale oil” and
“tight oil” interchangeably when referring to oil extracted from all
low-permeability formations (i.e. not only oil from shale forma-
tions). We follow this convention throughout the paper and refer
to the entire tight oil category as “shale oil”.1
1 Unless otherwise stated, by shale oil we refer to what the Energy Information
Administration (EIA) calls “tight oil” and the International Energy Agency (IEA) calls
“light, tight oil”. The term tight oil does not have a specific technical, scientific, or
geologic definition. Tight oil is an industry convention that generally refers to oil
produced from very low-permeability shale, sandstone, and carbonate formations.
Some of these geologic formations have been producing low volumes of oil for
many decades in limited portions of the formation.
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In the Unites States, the extraction of shale oil has grown dra-
matically over the last few years taking the market by surprise. In
2013, the Unites States is estimated to have produced 3.5 mb/d of
shale oil which is three times higher than the amount it produced
in 2010 (Energy Information Administration-EIA, 2014). By 2020,
US shale oil is estimated to reach 4.8 mb/d, representing about a
third of total US supply. This is having profound implications for
the US economy, in terms of higher US energy independence and a
decline in its trade deficit. More generally, from a global per-
spective, this has been a major factor supporting non-OPEC supply
growth and contributing to the relative stability of Brent oil prices
until mid-2014. Moreover, although the Unites States is expected
to remain the dominant shale oil producer for the next decade,
technically recoverable shale oil resources are estimated to be
abundant also outside the Unites States (five times the size of US
shale oil resources according to EIA, 2013).

In response, a rich body of academic and non-academic lit-
erature by investment banks, energy companies, national and in-
ternational organizations and energy pundits has emerged in an
attempt to assess the magnitude and implications of the shale oil
revolution. Most studies concentrate on the difficult task of esti-
mating the size of shale oil production and resources (e.g. Energy
Information Administration, 2014; International Energy Agency,
2013 and earlier studies) or analyze the factors which caused the
shale oil revolution to occur in the Unites States and not elsewhere
(e.g. Alquist and Guenétte, 2014; Maugeri, 2012). Several studies
use global econometric models to estimate wider economic im-
plications of the shale oil revolution (e.g. PWC, 2013), whereas a
few focus on the impact on oil prices, usually gauged by relatively
simple methods (e.g. Sharenow and Worah, 2013). We comple-
ment these works by using a state-of-the-art general equilibrium
model to assess the impact of shale oil on oil prices and GDP. We
employ the model of Nakov and Nuño (2014) in which the oil
market is characterized by the presence of a dominant supplier
with a competitive fringe and which has been shown to replicate
fairly well the dynamics in the oil market.2 The key advantage of
our model is that the reaction of Saudi Arabia is embedded in the
model. Saudi Arabia is the largest OPEC producer and also has the
largest spare capacity which gives it substantial power among
OPEC members to influence markets. As a result, the price impact
of shale oil will necessarily depend on the response of Saudi
Arabia. In contrast to similar existing studies which typically make
an explicit assumption about Saudi Arabia (PWC, 2013), in our
framework the response of Saudi Arabia is endogenously
determined.

We assess the impact of the shale oil revolution under three
scenarios for US shale oil projections until 2018: a baseline sce-
nario using the Energy Information Administration (2014) pro-
jections of US shale oil and two alternative scenarios to capture the
uncertainty surrounding the baseline projection. In all three cases
we assume that Saudi Arabia maximizes its discounted flow of
profits. Our results suggest that (i) most of the shale oil revolution
has already been incorporated into oil prices and (ii) even con-
siderable anticipated changes in the scale of the production will
have only a small effect on prices. The oil price impact of the in-
crease in shale supply under the different scenarios amounts to
changes of less than 7$4 per barrel (pb). The relatively muted
impact on prices onwards stems mainly from the anticipated
nature of the shock and from the contraction in non-shale world
oil supply, largely from Saudi Arabia, which helps to moderate the
change in world oil production and sustain prices. According to the
2 A large portion of the literature suggests that the ‘dominant supplier with
competitive fringe' view of the oil industry is the one that best describes the em-
pirical evidence. Examples include Mabro (1975), Dahl and Yucel (1991), Adelman
(1995), Alhajji and Huettner (2000a,b), and Brémond et al. (2011).
model, in response to lower oil prices and a reduced oil market
share, Saudi Arabia curbs its investment in new production capa-
city which leads to a deterioration in its spare capacity position.
Finally, the model suggests that the shale oil revolution will pro-
duce an increase of 0.2% in the GDP of oil importers by 2018,
compared to 2010.

If most of the shale oil revolution is already priced-in and
therefore its impact on current price dynamics is negligible, how
can we explain the collapse in oil prices in 2014? We discuss three
complementary explanations: (i) the increase in non-US supply
that happened in the second half of 2014; (ii) the global economic
slowdown, which depressed most commodity prices; and (iii) the
deviation of Saudi Arabia from its optimal rule as it decided not to
reduce its production in order to accommodate the increase in
supply by other producers. These three factors were unanticipated
in contrast to the anticipated nature of the shale oil revolution, at
least since 2010–2011. We take the model to the data on oil prices
and quantities in order to quantify the relative impact of these
three factors. We conclude that supply factors played the largest
role.

The analysis of the 2014 collapse in oil prices complements the
existing literature analyzing this episode, based on structural
VARs. Badel and McGillicuddy (2015) and Baumeister and Kilian
(2015) conclude that demand shocks played the major role. In
contrast, Baffes et al. (2015) find that supply shocks accounted for
roughly twice as much as demand shocks in explaining the drop in
oil prices during the recent episode.

This paper relates to the literature on general equilibrium
models that explicitly analyze the oil market. Recent examples
include Backus and Crucini (2000), Blanchard and Gali (2010),
Bodenstein et al. (2011, 2012), Bodenstein and Guerrieri (2011),
DeMiguel and Manzano (2006), Leduc and Sill (2007), and Nakov
and Pescatori (2010a,b).

The structure of the paper is as follows. Section 2 describes the
magnitude and importance of the shale oil revolution. Section 3
introduces the model and the shale oil production scenarios and
discusses the main results. Section 4 analyzes the 2014 episode.
Section 5 discusses the policy implications. Finally, Section 6
concludes.
2. The transformational impact of US shale oil for the oil
market

2.1. The size of the US shale oil revolution

In the United States, the production of shale oil has grown
dramatically over the last few years. In 2013, the Unites States is
estimated to have produced 3.5 mb/d of shale oil, which is three
times the as much as in 2010 (Energy Information Administration,
2014). This accounted for nearly half of US crude oil supply and
almost a third of its total oil supply in 2013 (see Fig. 1). As a result,
shale oil put an end to a prolonged period of declining supplies:
for the first time, the Unites States produced more oil in 2013 than
in 1985. Looking ahead, US shale oil production is expected to
continue to rise and peak at 4.8 mb/d in 2020 according to the EIA
(see Table 1), before gradually declining to 3.2 mb/d by 2040.

From a global perspective, the rapid rise of US shale oil has
been the main driver behind the increase in non-OPEC supply (see
Fig. 2). During 2009–2012, US oil supply grew, on average, at a
sustained annual rate of 6.7%, while non-OPEC oil supply produced
outside of the Unites States was stable, on average.3 The US share
3 At the time of writing, the latest EIA data for shale oil are for 2012, while data
for 2013 onwards are projected. See Energy Information Administration (2014).
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Fig. 1. US total oil supply (million barrels per day). Source: EIA and authors’ calculations.

Table 1
Shale oil projections in 2014 and the size of the revisions with respect to the 2013
and 2012 projections.

Year Projections AEO 2014
(mb/d)

Revision with respect
to AEO 2013 (%)

Revision with respect
to AEO 2012 (%)

2014 4.07 62 343
2015 4.49 70 361
2016 4.67 72 355
2020 4.79 70 300

Source: EIA Annual Energy Outlook reports 2012, 2013 and 2014. Note that al-
though, for consistency with the rest of the article, the table is labeled as "shale oil",
the numbers actually refer to tight oil projections in the EIA reports.
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Fig. 2. US shale oil contribution to non-OPEC supply growth (annual, y-o-y growth
rates). Source: EIA. Note: the last datapoint refers to 2012; cut-off date 2014H1.

4 Whereas in the rest of the paper by shale oil we refer to both shale and tight
oil, the shale oil reserve estimates refer exclusively to oil from shale oil formations.
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in total non-OPEC supply jumped to more than a quarter in 2012,
compared to just over a fifth in 2008. In 2012, US shale oil ac-
counted for 2.5% of world oil supply.

Despite its impressive volume, the shale oil revolution was
largely unexpected. For example, in its latest 2014 Annual Energy
Outlook, the EIA projects US shale oil production of 4 mb/d in
2014, which is nearly three and a half times higher that the
amount forecast two years ago (see Table 1). Similarly, the Inter-
national Energy Agency (IEA) in its 2013 report revised its esti-
mates for 2012 up by 30% from those in its 2012 one (see
International Energy Agency, 2012a; International Energy Agency,
2013). This is not surprising, however, given that forecasts of shale
oil production are critically influenced by assumptions about the
remaining unproved technically recoverable resources, which,
with a short history of well data can be extremely imprecise. As
more information about the well production becomes available,
the size of revisions to shale oil production projections is expected
to diminish. Indeed, the size of forecast revisions was much
smaller in 2014 than in 2013 (see Table 1 or Energy Information
Administration, 2014).

The persistent high levels of oil prices in recent years made
shale oil exploration economically viable. However, several factors
were in place in the Unites States that allowed the shale oil re-
volution to occur first there and not elsewhere: a history of shale
gas exploitation, legal incentives for landowners and an advanced
oil production infrastructure (see Alquist and Guenétte, 2014).
First, the technology necessary for shale oil exploitation started to
be developed in the early 19th century, when it was aimed at shale
gas exploration, and was perfected during the 1980s. Second, the
Unites States has legal and institutional features – such as private
ownership rights and easy access to global capital market funding
– that make the economic environment attractive for the extrac-
tion of unconventional oil. Third, the Unites States possesses a
unique infrastructure setting consisting of a large number of state-
of-the-art drilling rigs, an extensive pipeline network, and asso-
ciated refineries, which is key to ensuring a rapid expansion in
production.

Outside the Unites States, shale oil production is expected to
take off only slowly, despite the fact that technically recoverable
resources of shale oil are estimated to be abundant worldwide, i.e.
five times the size of the ones in the Unites States (Energy In-
formation Administration, 2013).4 Companies are hinting at good
prospects in Russia, China and Argentina, which are estimated
together to hold 46% of technically recoverable resources of shale
oil outside the Unites States. The primary reason for this is that
technically recoverable resources are different from economically
recoverable resources, owing to three important factors: the cost
of production, the quantity produced by any given well and the
market price of oil. As mentioned, the experience with shale oil
production in the Unites States highlights that economic recover-
ability can be significantly influenced by above-the-ground factors
(property rights, infrastructure, etc.) as well as by geology, which
vary greatly around the globe. This is also reflected in the wide
range of the estimated price required to render shale oil ex-
ploitation profitable (at $45–80 pb, according to International
Energy Agency, 2012a). Nevertheless, the unconventional tech-
nologies used for shale extraction could be used to boost the
production of existing conventional oil fields globally.

2.2. The short-term impact of the shale oil revolution

The surge in US unconventional oil production has had a major
impact on the US economy. First, a major importer of oil and
natural gas since the 1970s, the Unites States is projected to sig-
nificantly reduce its energy import dependency. This would entail
a reduction in the US trade deficit. The US self-sufficiency ratio,
defined as the ratio of indigenous energy production divided by
total primary energy demand, is expected to rise from just under
80% in 2010 to 97% by 2035 which stands in contrast to develop-
ments in other regions (China, India, and the European Union)
which will become less self-sufficient. Overall, the IEA estimates
that US net energy import volumes could fall from 9.5 mb/d in 2011
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to 3.4 mb/d in 2035.5 At the same time, a reduction in US net oil
imports would also affect global oil supply indirectly, as supply
usually directed to the US would become available for other buyers.

Second, the rising oil supply led to a collapse in the spread
between the WTI, the US crude oil price benchmark, and inter-
national benchmarks. Prices of the WTI and Brent crude oil
benchmarks have historically been related, with the WTI trading
at a slight premium ($1–2 pb) owing to higher quality and stron-
ger product demand. This historical relationship collapsed in 2011.
Limitations in the US crude pipeline system and increasing oil
flows to the WTI benchmark pricing hub at Cushing, Oklahoma,
helped push WTI to a discount of $16 pb to Brent forward crude on
average during 2011, which persisted in 2012. More recently,
however, increased pipeline and rail capacity eased the transport
bottlenecks in the landlocked US midcontinent, narrowing the
discount to Brent to less than $8 pb in May 2014.

At the global level the surge in supply from US shale sources was
an important factor contributing to the relative stability of Brent oil
prices observed from 2011 until mid-2014. Despite substantial and
repeated supply disruptions in major OPEC producers (e.g. Libya,
Iran) that temporarily spiked oil prices, Brent oil prices remained
remarkably resilient in the range of $100–115 pb during that
period.6 In addition to the mitigating impact of the fast-rising shale
oil supplies, estimated to have added 3.9% to total oil supply in
2013, demand-side factors also played a role. The slow economic
recovery in advanced economies after the financial crisis, coupled
with the slowdown in emerging economies, reduced the growth in
oil demand. Indeed, according to the IEA, global oil demand in-
creased only 1.1% per annum on average between 2011 and 2013,
compared to a strong 1.5% per annum during 2005–2007.
3. The long-term impact of the shale oil revolution: a DSGE
model of the global oil market

The long-term impact on oil prices of further rising shale oil
supplies is, however, far from clear and will crucially depend on the
reaction of Saudi Arabia. Saudi Arabia is one of the largest players in
the global oil market: it produces more than a 10th 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. Saudi Arabia's spare capacity is much
larger than the aggregate spare capacity of the rest of the oil pro-
ducers. In addition, as discussed in Nakov and Nuño (2014), it ty-
pically acts as a “swing producer” in the oil market, increasing its
production in the face of supply disruptions in other producers or
rises in demand, and reducing it in the opposite case.

General equilibrium effects are therefore key to understanding
the effect of the increase in shale oil production in the Unites
States; in particular, the response of Saudi Arabia is especially
relevant. In this paper we employ the model introduced in Nakov
and Nuño (2014) to analyze the oil market. The model comprises
three regions: one oil-importing and two oil-exporting. The oil-
importing region imports oil for use in consumption, and employs
labor and capital in the production of final goods, some of which
are consumed domestically, the rest being exported to the two oil-
producing regions. The model is summarized in the Appendix. Oil
is a homogeneous commodity supplied by a dominant supplier
and a fringe of competitive oil producers. The fringe takes the oil
5 See International Energy Agency (2012a) and International Energy Agency
(2012).

6 For example, Libya lost a significant share of its supply both in 2013 and 2011
due to political uncertainty (1.3 mb/d in 2011 and 0.5 mb/d in 2013), while sanc-
tions by Western nations on Iranian oil exports reduced Iranian supply by 0.7 mb/d
in 2012.
price as given when choosing their production level. The dominant
supplier faces a downward sloping 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.

The dominant supplier is aware that it can manipulate a` la
Stackelberg the choices of both the competitive fringe and the oil
importer. For example, the dominant 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. Except for the dif-
ference in market power, which is founded on a technological gap
between the two types of oil producers, the competitive fringe and
the dominant supplier are modeled symmetrically.

3.1. Scenarios

In order to introduce the different scenarios into the model, we
calibrate the shocks for the oil production technology of the fringe
producers in order to replicate the increase in supply due to the
shale oil revolution. These shocks are assumed to be anticipated
since the beginning of the period (i.e. 2010). It implies that the
agents in the model know in advance what the rate of production
of shale oil will be in the coming years and that they may take
their decisions accordingly in a forward-looking way.

We consider one baseline and two alternative scenarios for the
size of shale oil supply, based on the EIA projections published in
its Annual Energy Outlook (Energy Information Administration,
2014). We rely on EIA estimates of US shale oil supply because,
unlike other international institutions such as the IEA, the EIA also
provides detailed historical data on the production of US shale oil,
which facilitates the understanding of recent developments from a
historical perspective.

The baseline scenario is calibrated so that shale oil production in
the Unites States increases from roughly zero in 2010 to 2.7 mb/d
in 2014 and reaches a peak of 4 mb/d in 2018.7 This scenario as-
sumes that current law and regulations affecting the energy sector
remain in place throughout the projection horizon. It also assumes
that the production of shale oil remains concentrated in the Unites
States and does not extend significantly to other countries before
2018. Second, in the lower shale production scenario we consider
the case in which technical or environmental constraints limit US
shale production which remains broadly flat at 3 mb/d during the
2014–2018 period. Finally, in the higher shale production scenario
we assume that technological progress and economic incentives
push US shale production up, to 6 mb/d by 2018.

The choice of the alternative scenarios is, to some extent, ar-
bitrary because essentially they are meant only to suggest the
possible range of the price impact in the event that future shale oil
supplies turn out to be different from the baseline. While the
magnitude of the alternative scenarios does not necessarily cor-
respond to alternative scenarios proposed in the literature, the
asymmetric bounds were chosen on purpose to reflect the idea
that, in light of historical revisions, there is a higher chance that
shale oil supply will surprise on the upside than on the downside.

3.2. Results

Fig. 3 shows the difference between the long-run path followed
by oil production and Brent oil prices in the three scenarios
and the counterfactual path in the case of no shale oil production.
The period of interest is 2014–2018, but we assume, in line with
7 Notice that we are subtracting around 0.8 mb/d in all years in order to re-
move the “pre-revolution” residual production of shale oil.
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the data, that shale oil production began in 2010. In the upper-left
panel we display the alternative scenarios for the production of
shale oil described above.

The model analysis suggests that oil prices in 2014 already
incorporated most of the reduction due to the increase in the oil
supply. In the upper-right panel of the figure, we display the
evolution of oil prices (relative to the counterfactual path). In the
baseline scenario, most of the impact of the expected increase in
oil production was already incorporated in 2014 prices, which
were $5 pb below the counterfactual path. There is only an addi-
tional decline of less than $1 pb before the end of 2015 and then
prices slowly revert. This means that, from the perspective of 2014
oil prices, the anticipated increase of 1 mb/d until 2018 has almost
no effect on long-run oil prices.

This effect is more striking in the case of the lower production
scenario, where prices revert back to around �$3 pb by 2018. In
contrast, in the higher production scenario there is still room for
price decreases, reaching levels below �$9 pb by 2017. These
bounds based on our alternative scenarios are roughly 7$4 pb
around the baseline.

The relatively muted impact on prices from 2014 onwards stems
from the anticipated nature of the shocks and from the contraction
in non-shale world oil supply, primarily from Saudi Arabia, which
helps to moderate the change in overall world oil production and
sustain prices. The lower panels of Fig. 3 display the total world
production and the production of Saudi Arabia. In 2014, of almost
3 mb/d of shale oil, around 1 mb/d were expected to be offset by
Saudi Arabia and another 0.5 md/d by the rest of producers due to
the lower oil prices. The result was a net expansion of just 1.5 mb/d
compared to the no shale oil counterfactual scenario, since half of
the increase in oil production in the Unites States was offset either
by Saudi Arabia or by higher marginal cost producers being expelled
from the market due to the $5 fall in prices.

The amount of the reduction in oil supply by Saudi Arabia
increases with time as this is its profit-maximizing path. In the
baseline scenario, by 2018, Saudi Arabia should be producing
around 1 mb/d less than in 2014, which would completely offset
the increase in shale oil production. In the lower and higher shale
production scenarios, Saudi Arabia should also reduce its pro-
duction by a further 0.5 mb/d and 1.5 mb/d, respectively, by 2018.

Apart from the impact on prices and quantities, the shale oil
revolution also affects Saudi Arabia's spare capacity. Spare capacity
provides a buffer to smooth supply and demand shocks. Our
baseline model simulation indicates that spare capacity should
have risen slightly in 2014 as a result of the reduction in Saudi
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Arabia's production (see Fig. 4). Thereafter, however, spare capa-
city declines. The explanation is that lower oil prices and a re-
duction in Saudi Arabia's oil market share lower its capital in-
vestment in new production capacity, which eventually leads to a
gradual decline in its spare capacity. In conclusion, the spare ca-
pacity of Saudi Arabia is projected to decline in response to lower
oil prices and lower capital investment. Only in the higher shale
scenario is there still room for an additional increase in capacity,
peaking in mid-2016.

The shale oil revolution also impacts the GDP of oil importers.
As discussed in the Appendix, the model considers an aggregate
block of ‘oil importers’ without distinguishing between advanced
and emerging economies. We compute a cumulative impact
equivalent to 0.2% of 2010 GDP by 2018. This amount is the result
of three different effects. The first one is the direct impact of a
change in terms of trade between importers and exporters due to
the decline in oil prices. This effect is clearly growth-enhancing.
The second effect is the fall in the imports of oil exporters due to
the fall in their demand. This second effect is growth-reducing for
oil importers. Finally, the third effect is related to the impact that
lower energy prices may have on the consumption and leisure
decisions of households, and its impact on growth is much more
difficult to predict. It should be stressed that alternative assump-
tions about the structure of financial markets or the consumption-
leisure elasticities may increase the impact on GDP, so that this
result should be read as a lower bound of the true impact in the
real world.

3.3. Robustness to the demand elasticity

We also consider a robustness check. As discussed in the cali-
bration part of the Appendix, the short-run price elasticity of oil
demand in the model is P O O P/ / 1/η(∂ ∂ ) = =0.25, consistent with
Kilian and Murphy (2014) estimates. However other papers, such
as Smith (2009), provide an estimate of the price elasticity of oil
demand of about 0.05. We denote this second case as “low de-
mand elasticity”. Here we assess how sensitive our results are to
changes in the demand elasticity.8

Fig. 5 displays the results. In this case the anticipated effect of
the increase in shale supply is still larger, reaching almost $9 pb in
2014 and forcing Saudi Arabia to have its production reduced by
2 mb/d. However, looking ahead the dynamics described in the
baseline case are even more patent. Saudi Arabia should again
offset more than 1 mb/d between 2014 and 2018 so that total oil
production decreases slightly during the period. Oil prices increase
by $2 pb. Therefore, it seems that the main conclusions are re-
inforced in the case of low demand elasticity.
9 Libya's state-owned NOC on 6 July lifted force majeure – a waiver of con-
tractual obligations – at the eastern ports of Ras Lanuf and Es Sider.

10 See also Nakov and Nuño (2014).
11 Higher prices during the 1970s and early 1980s, following the first and

second oil shocks, caused oil supply in non-OPEC countries to increase significantly
(e.g. in the Soviet Union, Norway, Mexico, China and the UK). In response to this,
OPEC decided to lower its production via a quota system, in an attempt to defend
prices. This notwithstanding, oil prices continued to fall. Moreover, Saudi Arabia
had to absorb most of these reductions as many OPEC members were still produ-
cing above their quotas. Indeed, at its lowest in 1983, Saudi Arabia's output was
4. The collapse in oil prices in 2014

Oil prices collapsed from a level of $105 pb in June 2014 to less
than $60 pb in December. Given this major decline, the conclusion
that most of the current and expected increase in US supply due to
the shale oil revolution had already been incorporated into oil
prices may seem surprising. However, several additional factors to
the shale oil revolution may account for this decline:
nearly 8 md/d down from the beginning of 1981. The combination of lower prices
and declining production substantially reduced Saudi Arabia's revenues, which fell
by more than 80% from January 1981. In September 1985, Saudi Arabia decided to
1.
cas
App

raise production in an effort to discipline the other producers. Over the next year,
its output increased by more than 4 mb/d with dramatic effects on oil prices, which
Unanticipated supply shocks: Several major producers experi-
enced large increases in their production in the second half of
the year. In Libya, for example, rebel militias announced in July
8 To this end, we set η ¼ 21 and recalibrate the supply shocks in the baseline
e to 0.0052 from January 2010 to December 2017 and 0.0045 thereafter. See the
endix for the baseline calibration.

dec
$12
oil

ext
an end to their 11-month blockade of vital oil terminals that
had crippled oil production.9 Iraq increased its production by
almost 0.5 mb/d between June and December despite the
conflict with the so-called Islamic State for Iraq and Syria (ISIS).
Other non-OPEC producers such as Russia, Canada, Norway and
the UK also increased their output during the period. The total
increase in oil supply from June to December for all the pro-
ducers bar the US was roughly 1.5 mb/d (see Fig. 6), compared
to a US increase of 0.6 mb/d.
2.
 Unanticipated demand shocks: During 2014 there were a number
of negative surprises to the global growth rate which forced the
IEA to revise downwards its oil demand forecasts. This global
slowdown produced a decline in the prices of commodities, in-
cluding metals and foodstuffs, during the second half of the year.
In addition, the strong appreciation of the US dollar increased the
real price of oil in other currencies, thus reducing the demand.
3.
 Surprise Saudi Arabia reaction: As discussed above, in a context of
positive supply and negative demand shocks, the optimal profit
maximizing strategy for Saudi Arabia is to partially reduce its
production in order to prevent the collapse in oil prices.10 This
time however Saudi Arabia strongly signalled its reluctance to
sacrifice market share in order to defend prices. At its 166th
meeting on 27th November OPEC as a whole decided to
maintain the quotas unchanged due to the adamant position of
Saudi Arabia, despite rising pressures from other members
such as Iran or Venezuela to reduce them. Fig. 6 displays how
Saudi Arabia only reduced its output by 0.05 mb/d from June to
December. Apparently, Saudi Arabia is trying to avoid repeating
the events in the early 1980s, when it systematically lost
market share in order to defend prices amid a generalized in-
crease in oil production.11 It could be the case that the Saudis
have decided that the current situation with shale oil is similar
to the one in the 1980s and that it may be beneficial to deviate
from its profit maximizing strategy in order to adopt a constant
share rule. This would expel some shale oil producers from the
market, avoiding demand substitution by renewable sources
and weakening the position of regional rivals such as Iran.

In order to assess the relative quantitative importance of each
of these factors in the decline in prices, we employ the DSGE
model. We augment the model in order to include unanticipated
supply and demand shocks as well as deviations from Saudi Ara-
bia's optimal strategy.12 The model is solved by first order per-
turbation methods and the resulting linear state space model is
embedded into a Kalman filter. In order to compute the realiza-
tions of the three shocks (supply, demand and Saudi Arabia) we
consider three observed series (i) growth in WTI real oil prices; (ii)
lined more than 50% over the period (known as the third oil shock), from $28 to
pb. Thus, the sharp fall in oil prices fully offset the rise in output and kept Saudi
revenues constant.
12 Due to their negligible short-run effect, we ignore the shale oil shocks. The
ension is explained in the Appendix.
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growth in world oil production; and (iii) Saudi Arabia's share in oil
production. We employ monthly data from January 1973 to De-
cember 2014. The Kalman filter allows us to identify the most
likely paths of the shocks in order to generate the observed time
series. Then we employ each of these shocks to compute the re-
lative contributions to real oil prices.

Fig. 7 displays the results. The three factors discussed above each
contributed to the decline in prices, with the largest contribution
stemming from supply shocks. Demand shocks also play an im-
portant role, whereas the reaction of Saudi Arabia seems to have
played a minor role in this particular episode. These results suggest
that the recent decline in prices was mainly due to the large increase
in oil production by non-US producers (as the increase in shale oil
was already priced-in) against a background of demand slowdown.
13 The impact of oil prices on inflation and economic activity at the ZLB has been
discussed in recent papers such as Bodenstein et al. (2013) and Wieland (2014).
5. Policy implications

The shale oil revolution and the recent decline in oil prices
affect economic growth in a country-specific way, and thus the
policy prescriptions should vary accordingly.

The losers are the traditional oil exporters. Fig. 8 displays the
share of oil exports over GDP for a sample of major oil exporters. A
decline by half in the price of oil may produce GDP contractions as
large as 20–25% for countries such as Kuwait and Venezuela. Some
of these countries, such as Saudi Arabia and Kuwait, have large
sovereign wealth funds (SWFs) that may help to cushion the fall in
prices but others are more exposed to this negative shock.

Once again the important role of Saudi Arabia in the future evo-
lution of oil prices should be highlighted. In 2014, in contrast with
the long-run predictions of the model, Saudi Arabia has decided not
to accommodate the increase in oil supply, in an attempt to defend
market share and to expel some high cost producers from the mar-
ket. This is a strategy aimed at curbing new investment in explora-
tion, avoiding demand substitution towards alternative energy
sources and improving its relative position vis-a`-vis some of its
geopolitical competitors such as Iran. However, in the short-run the
Saudis are facing a major loss of revenues that, if long-lasting enough,
may destroy all the wealth accumulated during the boom years.

The main winner is naturally the United States. The US shale
supply is estimated to be around 4 mb/d in 2014. Assuming an
average price of $100 pb, this amounts to more than $146 billion in
oil revenues or roughly 0.8% of US GDP. This is a major transfer of
resources from the rest of the world to the US economy that not only
boosts economic growth but also helps to reduce the US current
account deficit. Beyond the direct impact, there is a full range of
second-round effects on the US economy associated with the de-
velopment of new ancillary industries and the increase in employ-
ment associated, directly or indirectly, with the shale oil sector.

Oil-importing countries such as Japan, India, China and most
European countries are also indirect winners of the shale revolu-
tion and the recent drop in prices. The decrease in oil prices will
help to reduce energy imports and to increase GDP growth, as
highlighted in Fig. 8. However, two important caveats should be
mentioned. The first one relates to the recycling of petrodollars.
Many oil exporters have large amounts of wealth accumulated in
real and financial assets in oil-importers through SWFs. The de-
cline in oil revenues will probably reduce the exposure to such
assets, reducing their price. In a context of high private and public
debt levels, a fall in debt prices (a rise in yields) may have con-
tractionary effects due to the increased costs of debt servicing. The
second point relates to the current situation in many advanced
economies, where short-term nominal interest rates are close to
the zero lower bound (ZLB) and inflation rates are very low or even
negative. A decline in oil prices may introduce additional defla-
tionary pressures, producing a hike in real interest rates that may
hurt economic growth.13 Therefore, central banks in oil-importing
countries should be ready to act in the event that the shale oil
revolution (and the associated Saudi reaction) produces further
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Fig. 6. Evolution of oil prices and oil production in 2014. Source: EIA and Federal Reserve Bank of St. Louis.

Fig. 7. Contributions to the growth rate of oil prices. Source: EIA, Federal Reserve
Bank of St. Louis and authors' calculations.

C. Belu Mănescu, G. Nuño / Energy Policy 86 (2015) 855–866862
declines in oil prices that may threaten the economic recovery.

6. Conclusions

Oil markets have recently undergone a significant
transformation with the rise in the US production of shale oil,
which is expected to pick up and to reach around 4.8 mb/d by
2020, i.e. about a third of total US supply, according to the EIA. This
paper assesses the impact of the “US shale oil revolution” on global
oil prices and quantities, which ultimately depends on two key
factors (1) the quantity of oil that is eventually produced, subject
to environmental and technological risks and (2) the response of
Saudi Arabia to sustain prices.

To capture the current uncertainty regarding the size of future
US shale oil supply, we consider two alternative scenarios, i.e. a
lower and a higher shale oil production scenario; this results in
some bounds around our baseline projections, which are based on
EIA forecasts. Regarding the response by Saudi Arabia to sustain
prices, we employ a general equilibrium model that rationalizes
the behavior of Saudi Arabia – the core OPEC producer – as that of
a dominant producer with a competitive fringe. The model allows
for an endogenous response by Saudi Arabia, thus avoiding having
to make specific assumptions about the OPEC response to the
surge in global oil supply.

Results suggest that most of the expected increase in oil supply
due to the shale oil revolution was already incorporated into oil
prices in 2014 and that it will produce an additional GDP increase
in oil importers of 0.2% in 2010–2018. The oil price impact of the
increase in shale supply under the different scenarios by 2018
amounts to changes of less than 7$4 pb. The relatively muted
impact on prices stems from the anticipated nature of the shock



Fig. 8. Net oil exports/imports for some of the major exporters/importers. Source: JODI database and IMF. The value of exports/imports is computed for an average oil price of
$100pb.
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and from the expected contraction in non-shale world oil supply,
largely from Saudi Arabia, which helps to moderate the change in
world oil production and sustain prices.

Finally, the paper sheds some light on the causes of the collapse
in oil prices in the second half of 2014. Our results suggest that the
decline was not due to the anticipated increase in shale oil, but to
unexpected increases in oil production in a number of major
producers against a background of negative demand surprises and
unwillingness by Saudi Arabia to accommodate the increase in
supply. In particular, we show that non-US supply increased by
roughly 1.5 mb/d between June and December. Therefore, this
paper underlines the weak connection between the shale oil re-
volution, which is an anticipated long-term phenomenon, and the
recent collapse in prices, which is the consequence of un-
anticipated shocks in the market.
Appendix. Model description

This Appendix summarizes the model of Nakov and Nuño
(2014) and discusses the particular calibration.

Oil-importing region

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

U C O l C O l, , log / 1 / 1 ,t
1 1ν η ω( ) = ( ) + ( − ) − ( + )η ω− +

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

The household faces the period budget constraint

C I B P O w l r K r B , 1t t t t t t t t
k

t t t1 1 1+ + + = + + ( )− − −

which equates income from labor, w lt t , capital, r Kt
k

t 1− , and bonds,
r Bt t1 1− − , to outlays on consumption, Ct, capital investment, It , new
one-period bonds, Bt, and oil, P Ot t; Pt denotes the real price of oil,
while wt denotes the real wage. All oil must be consumed within
the period of production. Capital is accumulated according to

K K I1 , 2t t t1( )δ= − + ( )−

where δ is the depreciation rate of installed capital.
The household chooses Ct , Ot , Bt , It , Kt , and lt , to maximize ex-
pected present discounted utility

E U C O lmax , ,
C O B I K l

o
t

t
t t t

, , , , , 0t t t t t t
∑ β ( )
=

∞

subject to the budget constraint (1), where 0 1β< < is a time
preference parameter.

Final goods are produced with labor and capital by a re-
presentative price-taking firm, according to

Y Z l K , 3t t t t 1
1= ( ) ( )α α
−
−

with 0 1α< < . Aggregate total factor productivity Zt evolves ac-
cording to a deterministic exponential process: Z Z et t

g
1

z= − , where
gz is a constant.

Utility maximization by households implies the following oil
demand curve:

C P O , 4t t t tν = ( )η

the labor supply curve

C l w , 5t t t= ( )ω

and the Euler equations
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1
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and
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⎤
⎦⎥E

C
C

r1 .
7

t
t

t
t

1
β=

( )+

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

w l Y , 8t t tα= ( )

and capital demand

r K Y1 . 9t
k

t t1 α= ( − ) ( )−

The region's resource constraint states that total output, Yt , must
equal the sum of consumption, Ct, investment, It , and current
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account, P O B r Bt t t t t1 1( )+ − − −

Y C I P O B r B . 10t t t t t t t t1 1( )= + + + − ( )− −

Competitive fringe of oil exporters

A representative household maximizes the present discounted
flow of utility from consumption,14

E Cmax log
C I B K

o t
t

t
, , , 0t t t t

∑ β ( ˜ )
˜ ˜ ˜ ˜ =

∞

subject to the period budget constraint

C I B r K D r B ,t t t t
k

t t t t1 1 1
˜ + ˜ + ˜ = ˜ ˜ + ˜ + ˜ ˜− − −

where consumption, Ct
˜ , and investment, It̃ , are both purchased

from the oil-importing region, rt
k˜ is the rental price of capital Kt

˜

rented out by the household to oil firms, Bt
˜ are one-period bonds

that pay an interest of rt̃ and Dt
˜ are oil firm dividends rebated lump

sum to the household.
The household invests in capital according to

K K I1 .t t t1( )δ˜ = − ˜ + ˜−

A representative fringe firm, owned by the household, max-
imizes period profits

⎛
⎝⎜

⎞
⎠⎟D P O X r Kmaxt

X K
t t t t t

,
1

t t 1

˜ = ˜ − ˜ − ˜ ˜
˜ ˜ −

−

subject to the production technology

O Z u K , 11t t t t 1
˜ = ˜ ˜ ˜ ( )−

taking the oil price as given. Zt
˜ is the productivity of oil production

and u Kt t 1( )˜ ˜ − is the effective capital in the oil industry, defined as

the product of capital utilization ut˜ and installed capital Kt 1˜ − .
Productivity Z a Z g texpt t

z
0˜ = ˜ ˜ ( )˜ follows an exogenous process with

a secular trend component Z g texp z
0˜ ( )˜ , with g 0z <˜ , and a sta-

tionary AR(1) component in logs, a alog logt a t t
a

1ρ ε( ˜ ) = ( ˜ ) +˜ −
˜ with

persistence aρ ˜ and a Gaussian innovation t
aε ˜ with mean zero and

variance a
2σ ˜ . The downward trending component of oil productiv-

ity, Z g texp z
0˜ ( )˜ , is introduced to capture the fact that, over time,

the cheaper sources of oil production are exhausted before the
more expensive ones.

There is variable capital utilization. In order to operate the in-
stalled capital, i.e., to have a capital utilization rate above zero, the
representative fringe firm employs the intermediate good Xt

˜ pur-
chased from the oil-importing region and rents the capital Kt

˜ from
the household given a decreasing returns to scale function. The
capacity utilization rate of installed capital is given by

u X K X K, / , 12˜( ) ≡ ( ) ( )γ̃

so that the oil production technology results in

O Z X K . 13t t t t 1
1˜ = ˜ ˜ ˜ ( )

γ γ˜
−
− ˜

Optimal oil supply by competitive fringe producers implies

P X O/ , 14t t tγ̃ = ˜ ˜ ( )

while optimal capital accumulation is given by
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14 We decorate variables belonging to the competitive fringe by tildes (e.g. Xt˜ ),
and variables belonging to the dominant firm by hats (e.g. Xt

^ ).
and optimal bond-holding yields
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Combining (13) and (14), the short-run supply curve is
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The region's resource constraint is

P O C I X B r B . 16t t t t t t t t1 1
˜ = ˜ + ˜ + ˜ + ˜ − ˜ ˜ ( )− −

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, Ot
^ , according to

O Z X K , 17t t t t 1

1^ = ^ ^ ^ ( )
γ γ^

−
−^

using an imported intermediate good Xt
^ and capital Kt 1

^
− . The

dominant supplier's technology evolves deterministically accord-

ing to Z Z g texpt
z

0
^ = ^ ( )^ where g gz z=^ ˜ , that is, unlike the fringe, the

dominant supplier's output is not directly affected by productivity

shocks. Capital is accumulated by purchasing It̂ units of the in-
vestment good from the oil-importing region and the re-
presentative household receives a stream of log utility from con-

sumption Ct
^ .

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 equili-
brium oil price on its supply decision. 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 produ-
cers, and clearing in the oil market.

Thus, the decision problem of the dominant oil producer is to

E Cmax log
C B X K P

o t
t

t
, , , ,

0
t t t t t

∑ β (^ )
^ ^ ^ ^ =

∞

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

O O O 18t t t= ^ + ˜ ( )

and its resource constraint

P O C K K X B r B1 . 19t t t t t t t t t1 1 1δ^ = ^ + ^ − ( − ) ^ + ^ + ^ − ^ ^ ( )− − −

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) in-
vestment 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:
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where Λt is the Lagrange multiplier associated with Eq. (18)
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Notice that Eq. (20) can be also expressed as
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where P O O P/ / 1/D t t t tΦ η≡ − ( )∂ ∂ = is the short-run oil demand
elasticity from (4) and P O O P/ / / 1S t t t tΦ γ γ≡ ( ˜ )∂ ˜ ∂ = ˜ ( − ˜) 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.

Market clearing and balanced growth path

In equilibrium, all markets clear. There is financial autarky and
thus

B B B 0. 21t t t= ˜ = ^ = ( )

Oil market clearing is

O O O . 22t t t= ^ + ˜ ( )

And goods market clearing is

Y C I C I X C I X . 23t t t t t t t t t= + + ˜ + ˜ + ˜ + ^ + ^ + ^ ( )

The model incorporates secular trends in the growth rate of

final goods technology (Zt), oil production technology (Zt
˜ and Zt̂),

and oil efficiency (νt). Stationarity of Saudi Arabia's market share

requires g gz z=˜ ^. In a steady-state with balanced growth, the ratio

P O Y/t t t must remain stationary. Given g gz z=˜ ^, since Ot grows at

rate g g g gz z z z+ = +˜ ^, while Yt grows at rate g z , for the ratio P O Y/t t t

to remain stable, Pt should grow at rate g z− ˜ .

Calibration

We employ the same calibration as in Nakov and Nuño (2014).
The working frequency of the model is monthly. The secular
growth rate of technology of the oil-importing region is set to

gexp 1. 03z 1/12( ) = , consistent with an average world output
growth rate of 3% per year for the period from 1973 to 2009. Given
this, the time preference parameter is set to 1. 01 1/12β = − ,
equivalent to an average real interest rate of 4% 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, g gz z=^ ˜ . The average growth rate of total oil pro-
duction is 0.8% 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, g z̃ , imply-
ing a value for gexp 0.9982z( ) =˜ on a monthly basis. The latter
implies that the real oil price must grow at an annual rate of 2.2%,
which is consistent with the average growth rate actually observed
in the data. Second, the three parameters governing the oil-im-
porting region's labor disutility, technology, and capital deprecia-
tion are set to their typical values in the RBC literature: the inverse
Frisch elasticity is set toω ¼ 1, the labor share in the production of
final goods is set to α ¼ 0.67; and the depreciation rate is set to
1. 10 11/12δ = − , consistent with 10% annual depreciation of in-

stalled capital. Third, the price elasticity of oil demand in the
model is P O O P/ / 1/η( )∂ ∂ = . We set η ¼ 4, consistent with Kilian and
Murphy (2014) estimates of the short-run price elasticity of oil
demand of about 0.25. Fourth, the parameters of the two oil pro-

duction technologies and the efficiency Z Z, , , ,0 0 0γ γ ν( ˜ ^ ˜ ^ ) are cali-

brated as follows: 0.4γ̃ = , Z 1.87400
^ = , 0.5γ̂ = , 0.00410ν = . These

values allow the model to match an average “oil share in spend-
ing” of 5% 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%.

Regarding the scenarios, the baseline scenario is calibrated so
that shale oil production in the US increases from roughly zero in
2010 to 2.7 mb/d in 2014 and reaches a peak of 4 mb/d in 2018 in
line with EIA projections. This scenario assumes that current law
and regulations affecting the energy sector remain in place
throughout the projection horizon. It also assumes that the pro-
duction of shale oil remains concentrated in the US and does not
extend significantly to other countries before 2020. This implies
setting the value of the fringe supply shock t

aε ˜ to 0.0025 from
January 2010 until December 2012, then raising it to 0.0040 until
December 2017 and reducing it to 0.0030 until December 2019.

Second, in the lower shale production scenario we consider the
case in which technical or environmental constraints limit US
shale production which remains broadly flat at 4 mb/d during the
2014–2018 period. This implies setting the value of the fringe
supply shock to 0.0025 from January 2010 to December 2012, then
raising it to 0.0040 until November 2013, reducing it to 0.0025
from December 2013 until December 2017 and reducing it again to
0.0030 until December 2019.

In the higher shale production scenario we assume that tech-
nological progress and economic incentives push up US shale
production, which reaches 6 mb/d by the end of the decade. This
implies setting the value of the fringe supply shock to 0.0025 from
January 2010 to December 2012, then raising it to 0.0040 until
November 2013, increasing it again to 0.0064 from December 2013
until December 2017 and reducing it to 0.0030 until December
2019.

Finally, in order to analyze the 2014 drop in prices we modify
the model in a number of dimensions:
1.
 Supply shocks: We recalibrate the process alog t( ˜ )=
aloga t t1

aρ ε( ˜ ) +˜ −
˜ , with persistence 0.8745aρ =˜ (which is

equivalent to 0.2 on an annual basis) and a Gaussian innovation

t
aε ˜ with mean zero and variance 0. 05a

2 2σ =˜ .

2.
 Demand shocks: We introduce a demand shock as a shock to the

TFP of oil importers. We have now that Z Z et t
g g

1
z

t
z( )= −

+ ¯ , where
gt

z¯ is a stochastic process

g glog log ,t
z

z t
z

t
z

1ρ ε( ¯ ) = ( ¯ ) +−

with persistence 0.9913zρ = (which is equivalent to 0.9 on an
annual basis) and a Gaussian innovation t

zε with mean zero and
variance 0. 01z

2 2σ = .

3.
 Saudi Arabia shocks: In order to analyze the deviation of Saudi

Arabia from its optimal rule, we modify the objective function
of the dominant oil producer

E a Cmax log ,
C B X K P

o t
t

t t
, , , ,

0
t t t t t

∑ β ^ (^ )
^ ^ ^ ^ =

∞

by introducing a stationary AR(1) preference shock at
^ ,

a alog logt a t t1
aρ ε(^ ) = (^ ) +^ −
^ with persistence 0.8254aρ =^ (which

is equivalent to 0.1 on an annual basis) and a Gaussian in-
novation t

aε ^ with mean zero and variance 0. 05
a
2 2σ =^ . This
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shock introduces a change in the preferences of the dominant
supplier and may be interpreted as a deviation of Saudi Arabia
from its profit-maximizing rule.
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