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ABSTRACT

Since the 1973 oil crisis, the causes and macroeconomic effects of oil price shocks
remain relevant issues for academics and policymakers. Where do oil price shocks come
from? How are they transmitted? What are their macroeconomic impacts? Which policies
appear promising in helping an economy adjust to such shocks? Indeed, understanding the
causes of oil price shocks and quantifying the magnitude of their impacts on the
macroeconomy is crucial for designing appropriate policy responses. The three essays in
this dissertation extend recent advances in the oil shocks literature to investigate the
underlying causes of oil price shocks and examine the macroeconomic effects of the shocks
on oil-importing countries.

The first essay (contained in Chapter 3) uses a structural Vector Autoregressive
(VAR) model of the global crude oil market to identify the underlying causes of oil price
shocks and quantify the contributions of the different sources of the shocks. Empirical
results reveal that oil price shocks are caused by distinct supply and demand shocks: an oil
supply shock caused by disruptions in global oil production; an aggregate demand shock
driven by changes in global economic activity; and an oil-specific demand shock driven by
shifts in precautionary demand for oil due to uncertainties about future oil supply shortfalls.
An unexpected oil supply disruption causes a modest transitory increase in the real price
of oil; an unanticipated increase in aggregate demand causes a strong increase in the real
price of oil; and an unanticipated increase in precautionary demand for oil triggers an

immediate and large increase in the real price of oil.



In the second essay (Chapter 4), I propose a two-step modeling framework that
combines the structural VAR model and panel autoregressive distributed lag (ARDL)
model to examine the elasticities of oil import demand to oil price shocks for a sample of
30 oil-importing countries: Organization for Economic Cooperation and Development
(OECD) and non-OECD. The elasticity estimates show that import demand for oil is less
sensitive to oil price shocks driven by supply disturbances but highly sensitive to oil price
shocks driven by aggregate demand and precautionary demand shocks. Dividing the
sample into OECD and non-OECD countries, both groups are found to be identical in their
responses to oil supply shocks but they differ in their responses to aggregate demand and
precautionary demand shocks.

The final essay (Chapter 5) estimates the effects of oil price shocks on the
macroeconomic performance of 14 OECD oil-importing countries. Utilizing a block
recursive VAR, the results show that increases in the price of oil driven by oil supply
shocks and precautionary demand shocks are inflationary and unfavorable for economic
growth while increases in the price of oil driven by aggregate demand shocks are
inflationary but increase the rhythm of economic activity. Also, Chapter 5 evaluates
whether structural differences matter for the impact of oil shocks across countries, focusing
on the role of oil intensity defined as the share of oil consumption in total energy
consumption.

The overarching conclusion of the dissertation is that oil price shocks do not
originate solely from the exogenous supply shocks but also originate from the endogenous
demand shocks. Consequently, the macroeconomic effects of the shocks as well as the

appropriate policy responses crucially depend on the source of the shock.
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CHAPTER 1

INTRODUCTION

1.1 Motivation

The world economy is inherently unstable. It enjoys periods of relative calmness
and occasionally experiences major shocks. These shocks include the panics of the 1870s,
the financial crashes of the 1920s, the oil shocks of the 1970s, developing countries’ debt
crisis in the 1980s, the Asian currency crisis in the 1990s, and the financial crisis in the
2000s. Interestingly, among all these major shocks to the world economy, oil shocks
exhibit the most remarkable degree of recurrence, occurring roughly once every decade
since the 1970s.

Figure 1.1 provides graphical representation of oil shocks based on data from the
United States Energy Information Administration (EIA). In addition to the remarkable
degree of recurrence of the shocks, two interesting observations stand out. First, the two
extreme oil shocks (1973 and 2009) coincided with significant events in the global business
cycle: the 1973 oil shock precipitated a major recession in industrialized countries such as
the United States, West Germany, France, and Japan whereas the most recent oil shock in
2009 followed the severe contraction in the global economy. Another interesting
observation is that, whereas pre-2000 oil shocks tend to be associated with supply

conditions, post-2000 shocks are mostly associated with demand conditions. Overall,



Figure 1.1 suggest that oil shocks are inextricably related with the global business cycle in
general, and business cycles of oil-importing countries in particular.

The need to understand the oil shocks-business cycles relationship and the
importance that this understanding can have on macroeconomic stability raises interesting
questions about (1) the sources of oil shocks, (2) their modes of transmission, (3) the
magnitudes of their impact, and (4) the appropriate policy responses. Motivated by these
questions, the goal of this dissertation is to explore the underlying causes of oil price shocks
and examine their dynamic effects on the macroeconomy of oil-importing countries.

A major gap in the oil shocks literature is that almost all studies tend to focus on
industrialized oil-importing countries such as United States, Japan, countries in Europe,
and most recently China, but not so much on oil-importing countries in the developing
regions of the world. Another major gap in the literature is that although oil shocks are
widely accepted as terms of trade shocks transmitted to oil-importing countries through
their demand for imported oil, the literature completely ignores the impact of oil price
shocks on oil import demand. A final gap in the literature is that it is dated. In fact, the
most recent study that applies structural VAR model to disentangle oil price shocks —
Kilian and Murphy (2014) — uses data from 1973-2009.

To address these three gaps, I extend the sample to include other major oil-
importing countries in the developing regions of the world, that is, Asia, Africa, and Latin
America in addition to United States, Japan, and countries in Europe. Also, I adopt a more
systematic approach to model the causes and macroeconomic effects of oil price shocks on
oil-importing countries. More specifically, since the transmission of oil shocks begins with

oil import demand before affecting other macroeconomic variables such as inflation and



real output, I begin the analysis by identifying the oil price shocks and estimating their
impact on oil import demand before proceeding to gauge the effects of the shocks on

inflation and real output growth. Finally, I use more recent data spanning from 1980-2013.

1.2 Contributions

My contributions to the literature are three-fold. First, my decomposition of the
structural disturbances to the real price of oil provide new evidence that the increase in the
real price of oil between 2009 and 2010 is driven in most part by aggregate demand shocks
despite the sluggish global economic activity post-2008 recession. However, the increase
in the real price of oil from 2011 to 2013, is driven mainly by precautionary demand
motives due to uncertainties about future oil supply shortfalls. Supply disturbances played
a marginal role during these two periods.

Second, I provide new evidence that changes in oil import demand across oil-
importing countries (OECD and non-OECD) are not only responsive to supply-driven oil
price shocks as commonly believed, but also responsive to aggregate demand and
precautionary demand-driven oil price shocks. More specifically, supply-driven oil price
shocks cause mild transitory decrease in oil import demand whereas demand-driven oil
price shocks (aggregate demand and precautionary demand shocks) trigger a strong
increase in oil import demand.

Finally, I provide new evidence that oil-intensity — defined as the percent of oil
consumption in total energy consumption — can explain the differences in the effects of oil
supply shocks across oil-importing OECD countries but it cannot explain the differences

in the effects of aggregate demand and precautionary demand shocks.



1.3 Organization

The dissertation is divided into four chapters. Chapter 2 reviews the literature on
oil shocks and the macroeconomy. In Chapter 3, I disentangle oil price shocks using a
structural VAR model of the global crude oil market. In Chapter 4, I propose a two-step
modeling framework that combines the structural VAR model and the panel ARDL model
to estimate the elasticities of oil import demand to the decomposed oil price shocks for a
sample of 30 oil-importing countries (18 OECD and 12 non-OECD). Chapter 5 uses a block
recursive structural VAR model to examine the effects of oil price shocks on the

macroeconomy of 14 OECD countries.
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Source: The oil price series is monthly refiner’s acquisition cost of imported oil for January 1974 to December 2013 from U.S. Energy
Information Administration (EIA). I use the U.S. producer price index and the composite index for refiner’s acquisition cost of
imported and domestic crude oil to extend the data back to January 1970.

Figure 1.1 Percent change in nominal oil price (1970-2013)



CHAPTER 2

SURVEY OF THE LITERATURE ON OIL SHOCKS

AND THE MACROECONOMY

2.1 Introduction

The relationship between oil shocks and the macroeconomy is well-documented in
literature. This chapter reviews the leading explanations on the several channels through

which oil shocks can affect the macroeconomy.

2.2 Supply Shocks

In the history of economic growth and development of industrialized countries,
energy was always considered nearly ubiquitous (Tsai, 1980). Not only was it essential but
also abundant and inexpensive. The relative abundance of low-priced energy promoted the
development of energy-intensive industries in many countries. For instance, countries like
the Great Britain, France, and Germany, which were once largely self-sufficient in energy
needs because of their domestic coal production became increasingly dependent on cheaper
imported oil. Other industrial nations like Italy and Japan, which were already dependent
on energy imports greatly increased the extent of their dependence as their economies
advanced and their energy demand increased. Even the United States which had been

largely self-sufficient became one of the world’s largest importer in the 1970s (Cohen &



Hickman, 1983; Tsai, 1980).

Then came the oil crisis in 1973 that began with the October War and followed by
the oil embargo by the Organization of Petroleum Exporting Countries (OPEC). These
events dramatically signaled the end of the era of abundant oil. The unanticipated fourfold
increase in oil prices significantly impacted the rhythm of economic activity in oil-
importing industrialized countries. The annual growth rate of industrialized countries fell
drastically from 5.8% to 0.1%.! With oil supply shortages resulting in soaring prices and
inhibiting economic growth in oil-importing nations, the problem of economic growth
became the problem of oil supply.

As a consequence, the first-generation economic models designed in the late 1970s
and throughout the 1980s to explain the business cycles across industrialized oil-importing
countries naturally placed great emphasis on exogenous oil supply disturbances driven by
events in the Middle East and the actions of OPEC. Most of the early models have been
theoretical and generally predict that oil price shocks lead to increases in inflation and
decreases in the rhythm of economic activity (see, for example, Branson & Rotemberg,
1979; Bruno & Sachs, 1982; Flood & Marion, 1982; Harkness, 1982; Malinvaud, 1977;
Sachs, 1982). These predictions were largely supported by subsequent empirical models in
Hamilton (1983), Burbige and Harrison (1984), Santini (1985), among others. For instance,
Hamilton (1983) finds that all but one of the United States’ recessions since World War II
have been caused by a dramatic increase in the price of oil. Burbige and Harrison (1984)
find similar results for the United States, Japan, Germany, United Kingdom, and Canada.

In the 1990s, the interest in oil price shocks and the macroeconomy waned. Few

!'Source: OECD Economic Outlook, December 1988, p. 180.



notable studies during this decade include Bernanke, Gertler, and Watson (1997), Kim and
Loungani (1992), Mork, Olsen, and Mysen (1994), and Rotemberg and Woodford (1996).
These studies reechoed the unfavorable macroeconomic impacts of supply-driven oil price
shocks although Bernanke et al. (1997) stressed more on the possible indirect effects of oil
price increases on output and inflation arising from the Federal Reserve’s response to the
inflation rather than the direct effects of oil supply shocks as emphasized by the first-

generation models.

2.3 Demand Shocks

The fluctuations in the real price of oil since 2000 led to a resurgence of research
on oil markets ushering in a new era of modeling the relationship between oil shocks and
the business cycles of oil-importing nations. Following a closer examination of the
seemingly identical political events in the Middle East and other major oil producing
regions, many economists began to cast doubt on the oil supply shock view and shifted
their attention to the demand side. Examining the causal mechanism that generated the
stagflation of the 1970s across major oil-importing countries, Barsky and Kilian (2002)
argued that while exogenously driven oil price shocks are important for understanding the
business cycles across oil-importing countries, the relationship between real price of oil
and business cycles is far more complex than suggested by models of exogenous oil price
shocks. The study emphasized that unexpected oil price increases may sometimes be
associated with strong recessionary effects, yet may coexist with strong domestic economic
growth at other times. In addition, changes in the real price of oil can affect the

macroeconomic performance of oil-importing economies and changes in macroeconomic



conditions in oil-importing economies can also affect the real price of oil. They concluded
that the complex interlinkages between business cycles and the global oil market conditions
suggest that the real price of oil, like the real price of other industrial commodities, is
endogenous with respect to global macroeconomic conditions. Thus, identifying cause and
effect in the relationship between the price of oil and macroeconomic performance of oil-
importing economies requires a structural model of the world economy including the global
oil market.

In a 2009 paper, Kilian used a structural VAR model of the global oil market to
identify the underlying demand and supply shocks in the global crude oil market and
decomposed the real price of oil into three components: shocks caused by disruptions in
global oil supply (oil supply shocks); shocks to global real economic activity (aggregate
demand shocks); and shocks driven by shifts in demand for oil due to precautionary
motives (precautionary demand shocks). His decomposition provided compelling evidence
that demand-driven oil price shocks tend to be stronger and persistent whereas supply-
driven oil price shocks tend to be milder and transitory.

Building on Kilian’s approach, researchers began to explore the underlying causes
of oil price shocks and their relationship to global business cycles in general, and oil-
importing countries’ business cycles in particular. Notable among them are Baumeister and
Peersman (2013), Chen and Hsu (2012), and Peersman and Van Robays (2009), all of
which concluded that major oil price fluctuations since 1973 appear to be associated in

large part with fluctuations in the global business cycles.



2.4 The Role of Financial Speculation in Oil Futures Markets

Another popular view besides the demand and supply views of oil price shocks is
the role of speculation driven by increasing financialization in the oil futures markets.? The
role speculation as a major determinant of the spot price of oil gained popularity following
the unprecedented surge in the spot price of oil from 2003-2008 and have drawn significant
interest from academics and policymakers. The literature identifies different strands of
explanations, which range from empirical methodologies that examine whether higher oil
futures prices systematically precede increases in the spot price of oil (Alquist, Kilian, &
Vigfusson, 2013; Baumeister & Kilian, 2012), to empirical methodologies that focus on
the breakdown of the historically negative relationship between oil prices and oil
inventories (Alquist & Kilian, 2010; Dvir & Rogoff, 2010; Hamilton, 2009; Pirrong, 2008),
and yet others that relies on structural VAR models to identify the role of speculation taking
account of the mutual endogeneity of all oil market variables, including the spot price and
futures price of oil (Kilian & Murphy, 2014). Overall, the findings in the literature suggest
that while speculative pressures played a significant role in earlier oil price shock episodes
including 1979, 1986, and 1990, there is no evidence of such speculative demand pressures
in oil futures market after 2003. However, the legacy of financial speculation as the cause
of increased systemic risks in the global economy during the 2008 recession continues to

generate strong interest about the role of speculation in the oil futures markets.

2 Oil futures contracts are financial instruments that allow traders to lock in today a price at which to buy or
sell a fixed quantity of the commodity on a predetermined date in the future. Futures contracts can be retraded
between issuance and maturity on futures exchanges such as the CME Group and the Intercontinental
Exchange. Exchanges offer institutional features that allow traders to transact anonymously, reduce
individual default risk, and ensure homogeneity of the traded commodity, making the futures market a low-
cost and liquid mechanism for hedging against and for speculating on oil price risks (Fattouh, Kilian, &
Mahadeva, 2013).
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2.5 Conclusion

The oil shocks literature has made great strides over the last four decades. It began
with models that invoke supply-driven oil price shocks to explain business cycles in oil-
importing economies and evolved to models that invoke demand-driven oil price shocks to
explain the business cycles. As the demand-side story gained more relevance in the
literature, another popular view attributed oil price increases to speculative activities in the
oil futures markets. This view stresses that speculation has become the primary driving
force in determining the spot price of oil. Recent studies, however, conclude that the
existing evidence is not supportive of an important role of speculation in driving the spot
price of oil since 2003.

As it stands now, the prevailing conventional view is that oil price fluctuations are
driven by supply and demand conditions in the global crude oil market. Consequently,
understanding the causes of oil price shocks and quantifying the magnitude of their impacts
on the macroeconomy as well as the appropriate policy responses requires a structural VAR
model of the global crude oil market that identifies the supply and demand shocks. The
dissertation builds on this new paradigm. However, the dissertation fills three important
gaps in the literature. In particular, it uses more recent data and extends the sample to
include other major oil-importing countries in the developing regions of the world in
addition to United States, Japan, and countries in Europe. Also, the dissertation adopts a
more systematic approach to model the causes and macroeconomic effects of oil price
shocks on oil-importing countries. More specifically, since the transmission of oil shocks
begins with oil import demand before affecting other macroeconomic variables such as

inflation and real output, the dissertation begins by identifying the oil price shocks and
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estimating their impact on oil import demand before proceeding to gauge the effects of the

shocks on inflation and real output growth.



CHAPTER 3

WHERE DO OIL PRICE SHOCKS COME FROM? A STRUCTURAL VAR

APPROACH TO IDENTIFYING THE UNDERLYING

CAUSES OF OIL PRICE SHOCKS

3.1 Introduction

This chapter focuses on identifying the underlying causes of oil price shocks. It
also quantifies the historical contributions of the different sources of the shocks. Section
3.2 lays out the empirical methodology. Section 3.3 describes the data. Results are
presented and discussed in Section 3.4. Robustness checks are discussed in Section 3.5.

The chapter ends with few concluding remarks in Section 3.6.

3.2 Methodology

Following Kilian (2009), I define a structural VAR model of the global crude oil

market as follows:
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where z, denotes a vector time series consisting of monthly global crude oil production
(PRODy); an index of monthly global real economic activity (REA,); and the monthly real
oil price (ROP;). The model allows for two years of lags. The sample period is January

1980 to December 2013. The error term, &, denotes the vector of serially and mutually
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uncorrelated structural innovations. Ao ! has a recursive structure such that the reduced-

. _ A1
form errors e, can be decomposed according to e,= Ao &

prod
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This model postulates that the real price of oil is determined by the intersection of
a vertical supply curve of oil and a downward sloping demand curve for oil. Oil supply
shocks triggered by — say, a disruption in global oil supply — move the vertical supply
curve along the demand curve causing the real price of oil to change. Oil demand shocks
(driven by aggregate demand shocks or oil market specific demand shocks) move the
demand curve along the vertical supply curve, again causing the real price of oil to

change.?

As in Kilian (2009), I impose the following restrictions in the Ao ' matrix. First, I
define oil supply shocks as unpredictable innovations to global oil production and assume
that oil supply does not respond to innovations to the demand for oil within the same
month. This exclusion is conceivable as in practice oil-producing countries tend to be slow
in their response to demand shocks due to increased adjustment costs of oil production
and the uncertainty about the state of the crude oil market. Second, I define aggregate
demand shocks as innovations to global real economic activity that cannot be explained
based on oil supply shocks. Here, I impose the exclusion restriction that increases in the
real price of oil driven by shocks that are specific to the oil market will not lower global

real economic activity immediately, but with a delay of at least one month as it takes time

3 In structural vector autoregression terminology, an oil price shock is generally defined as a sudden unexpected change
in the price of oil either positively or negatively.
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for global real economic activity to adjust. This restriction captures the sluggish response
of global real economic activity after major oil price increases. Finally, by construction, I
attribute all other shocks to the real price of oil that cannot be explained based on oil
supply shocks or aggregate demand shocks to changes in the demand for oil driven by
events specific to the oil market and referred to them as oil-specific demand shocks.
According to Kilian (2009), this latter structural shock will reflect, in particular,
fluctuations in precautionary demand for oil due to uncertainty about future oil supply
shortfalls. The problem, however, is that, the oil-market specific shocks could also be
driven by several other factors including weather shocks and speculative shocks in the oil
futures markets. Thus, conceptually, labelling oil-market specific demand shocks as
precautionary demand shocks raises questions.

To ascertain the main driver of shifts in oil-market specific demand shocks, I
examine the following three questions: (1) Is there any evidence that the observed oil-
specific demand shocks are associated with unexpectedly cold winters or other weather
shocks? 1 proxy unexpected cold winters or other weather shocks with U.S. temperature
anomaly data from the National Oceanic and Atmospheric Administration (NOAA) and
examine its relationship with the monthly oil market specific demand shocks. I find no
evidence that the observed oil-specific demand shocks are associated with unexpectedly
cold winters or other weather shocks. More specifically, I find very low correlation
between the weather deviations and oil specific demand shocks (0.0086) at monthly
frequency which indicates that neither direction of causality matters.

(2) Is there any evidence that the observed oil-specific demand shocks are

associated with speculative shocks in the oil futures market? 1 estimate the correlation
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between oil-market specific shocks and percent changes in the volume of oil traded on the
futures market, and again, find no significant correlation between the two (correlation is
about 0.0525) again indicating that neither direction of causality matters. In fact, empirical
evidence in the literature suggest that while speculative pressures played a role in earlier
oil price shock episodes including 1979, 1986, and 1990, there is no evidence of such
speculative demand pressures in the oil futures market after 2003 (Alquist & Kilian, 2010;
Dvir & Rogoft, 2010; Hamilton, 2009; Kilian & Murphy, 2014; Knittel & Pindyck 2013;
Pirrong, 2008).

(3) If the observed oil-specific demand shocks are not associated with either
weather shocks or speculative shocks, could precautionary demand shocks driven by
concern about future oil supply shortfalls explain the observed oil-specific demand
shocks? Following a closer examination of past regional conflicts, I find that oil market
specific shocks coincide with periods prior to major conflicts including the India-China
skirmish of 1987; the Lord’s Resistance Army insurgency in Central Africa Republic,
Congo, and Uganda that began in 1987 late 1990s; the Liberian Civil War in 1989, the
First Gulf War and the Russian Constitutional Crisis in the early 1990s; the East Timor
Crisis between Australia and East Timor in the late 1990s; the Second Gulf War in 2003;
and most recently, the Arab Spring (2011) and the Syrian Civil War (2012 — ). While this
evidence about the coincidence of shifts in oil-specific demand shocks and periods prior
to major conflicts is circumstantial, there are no other plausible candidates for exogenous
oil-market specific demand shocks after ruling out weather shocks and speculative shocks.

Thus, I attribute the oil-market specific demand shocks to precautionary demand motives.

. .. -1 .. .
The exclusion restrictions on Ao suggests a Cholesky decomposition with a
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specific ordering of the variables in the structural VAR as PROD — REA — ROP, to
determine the structural shocks and their respective impact on the system. The structural

shocks implied by the VAR model are in monthly frequency.

3.3 Data

The oil market variables are monthly data from January 1980 to December 2013
and include world oil production, global real economic activity, and the real price of oil.
Oil production and oil price data are obtained from the United States Energy Information
Administration (EIA). The oil price used is the nominal refiner acquisition cost of
imported crude oil deflated by the United States Gross Domestic Product (GDP) deflator,
which is considered to be the best proxy for global price of oil in the literature. The global
economic activity indicator is proposed in Kilian (2009) and available on his research
webpage. All the oil market variables are expressed in detrended logs. The plots of the
data series are shown in Figures 3.1 to 3.3. For all the variables, I can reject the null
hypothesis of the existence of unit root at the 10% level using Augmented Dicky-Fuller
test (Table 3.1). Also, I can reject the null of no cointegration at the 1% level based on the

Johansen cointegration test (Table 3.2).

3.4 Empirical Results

Figure 3.4 depicts the time path of the decomposed oil price shocks implied by the
VAR model. As indicated by the plots, at any giving point in time, fluctuations in the real
price of oil is driven by a multitude of shocks: shocks from the global crude oil production

(oil supply shocks), shocks to global real economic activity (aggregate demand shocks),
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and shocks driven by shifts in the precautionary demand for oil (precautionary demand
shocks). The magnitude and time path of the decomposed shocks are consistent with
Kilian (2009). Since I extended the data beyond 2007 which was the endpoint in Kilian
(2009), I captured more recent shocks that occurred from 2008 to 2013.

To test the assumption that the monthly shocks are serially and mutually
uncorrelated, I applied the VAR test for serial correlation. Results in Table 3.3 confirm
that the shocks are serially and mutually uncorrelated. Also, it is likely that the monthly
shocks could exhibit seasonal patterns. For instance, global demand for commodities tend
to increase during the last three months of the year even during periods of slowdown in
global economic activity. If so, then it is necessary to seasonally adjust the shocks before
estimating their impact on the system. Table 3.4 summarizes the test results for seasonal
variations in structural shocks. As the results indicate, except for two months for aggregate
demand shock, there is no evidence of significant seasonal variations in the monthly
structural shocks.

Figure 3.5 shows the impulse response pattern of real oil price to the supply and
demand shocks in the global oil market based on the structural VAR model in Eq. (3.1). I
normalized all shocks such that an innovation will tend to raise the price of oil. The plots
show that fluctuations is the real price of oil originates from three distinct sources, that is,
oil supply shock, aggregate demand shock, and precautionary demand shock. Consistent
with Kilian (2009) and Peersman and Van Robays (2009), the study finds that an
unexpected oil supply disruption causes a modest transitory increase in the real price of
oil; an unanticipated increase in aggregate demand causes a strong increase in the real

price of oil; and an unanticipated increase in precautionary demand for oil triggers an
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immediate and large increase in the real price of oil.

Figure 3.6 shows the cumulative contribution of each shock to the real price of oil
based on the historical decomposition of the data. As evident from the plots, oil supply
shocks have historically made relatively small contributions to fluctuations in the real
price of oil. Indeed, the largest contributions come from aggregate demand shocks and
precautionary demand shocks. While aggregate demand shock is responsible for longer
swings in the real price of oil, precautionary demand shock is responsible for relatively
sharp swings in the real price of oil. These results are in line with the findings in the oil
shocks literature (Barsky & Kilian, 2004; Fattouh et al., 2013; Kilian & Murphy, 2014;
Kilian, 2009; Knittel & Pindyck, 2013; Peersman, 2009).

Adding to the oil shocks literature, the decomposition of the structural disturbance
to the real price of oil provide new evidence that the increase in the real price of oil
between 2009 and 2010 is driven in most part by aggregate demand shock despite the
sluggish global economic activity post-2008 recession. However, the increase in the real
price of oil from 2011 to 2013, is driven mainly by precautionary demand motives due to
uncertainties about future oil supply shortfalls. Supply disturbances played a marginal role

during these two periods.

3.5 Robustness Checks

The section examines whether the ordering of the variables used to identify the
baseline VAR can affect the structural shocks results. In other words, are the results from
the VAR model in Eq. (3.1) robust? While the use of the Cholesky decomposition to

identify the structural shocks and their impact on the system is justified by the theory
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postulated in the SVAR model, the data cannot show that since different ordering of the
variables in the SVAR is likely to generate completely different results. As robustness
checks, I considered alternative identifying restrictions. In particular, I estimated an
alternative reduced-form errors e, with reversed exclusion restrictions on Ao ' as follows:

prod

ef M1 a2 413 g-foil supply shock
ef‘ = E,Ii;t’(? — 0 HZZ (123 Et-aggre’gaff demand shock
e:‘tU,U 0 0 133 Efoflfspec_ffc demand shock

The reversed exclusion restrictions imply that oil supply shocks do not
contemporaneous affect global real economic activity. Also, aggregate demand shocks do
not contemporaneous affect the real price of oil. These restrictions suggest the following
ordering of the variables in the SVAR: REA — PROD — ROP.

Also, I estimated another alternative reduced-form errors et with no exclusion
restrictions on Ao ' as follows:

prod

e{ 111 d12 d13 Efofl supply shock
e = E’?UH = |a21 a2 423 gtnggrfgnfv demand shock
rop
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The no-exclusion restrictions imply that all the structural shocks
have contemporaneous impact on all variables in the system. In other words, there
is no particular ordering of the variables.

The results from both alternative specifications (as shown in Appendix A) are
consistent with results from the Cholesky decomposition suggesting that the baseline
structural VAR results are robust and not sensitive to the ordering of the variables in the

model.
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3.6 Conclusion

In this chapter, I disentangled the underlying causes of oil price shocks using the
structural VAR model of the global crude oil market. Empirical results from the model
reveal that fluctuations in the real price of oil originate from three distinct sources, that is,
an oil supply shock caused by disruptions in global oil production, an aggregate demand
shock driven by global economic activity, and an oil-specific demand shock driven by
precautionary motives. An unexpected oil supply disruption causes a modest transitory
increase in the real price of oil; an unanticipated increase in aggregate demand causes a
strong increase in the real price of oil; and an unanticipated increase in precautionary
demand for oil triggers an immediate and large increase in the real price of oil.

In addition, the historical decompositions of the real price of oil show that oil
supply shocks have historically made relatively small contributions to fluctuations in the
real price of oil. The largest contributions come from aggregate demand shocks and
precautionary demand shocks. While aggregate demand shock is responsible for longer
swings in the real price of oil, precautionary demand shock is responsible for relatively
sharp swings in the real price of oil.

Finally, adding to the oil shocks literature, the decomposition of the structural
disturbance to the real price of oil provide new evidence that the increase in the real price
of oil between 2009 and 2010 is driven in most part by aggregate demand shock despite
the sluggish global economic activity post-2008 recession. However, the increase in the
real price of oil from 2011 to 2013, is driven mainly by precautionary demand motives
due to uncertainties about future oil supply shortfalls. Supply disturbances played a

marginal role during these two periods. Overall, the findings provide further evidence that
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not all price shocks are the same; they originate from different sources and thus have

different macroeconomic consequences.
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Figure 3.1 Data plot of global oil production and its transformation
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Figure 3.2 Data plot of real oil price and its transformation
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Figure 3.3 Data plot of index of real global economic activity



22

Table 3.1
Unit root test

Augmented Dickey-Fuller Test
Null: series not stationary

Variable Test statistic
Global oil production -6.936*** (0.000)
Real oil price -4.322%*% (0.000)
Index of real global economic activity -2.842*** (0.000)

Notes: Data on all oil-related variables are obtained from the U.S. Energy Information Administration (EIA). The
oil price variable used is the nominal refiner acquisition cost of imported crude oil, which is considered the best
proxy for the global price of imported crude oil in the literature. The world economic activity indicator is proposed
in Kilian (2009) and available on his research webpage. All the oil-related variables are expressed in detrended logs.

Probabilities in parenthesis. For all the variables, we can reject the null hypothesis of the existence of unit root at
the 10% level.

Table 3.2
Cointegration test

Johansen Cointegration Test
Null: no cointegration

Hypothesized # of
cointegrating equations Test statistic
None * 15.494*** (0.000)
Atmost 1 * 3.841*** (0.004)

Notes: Probabilities in parenthesis. Null of no cointegration rejected at the 1% level.
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Table 3.3
VAR test for serial correlation in structural shocks

Null: no serial correlation at lag order h

Lag LM Test statistic
Probabilities in parenthesis.

5.913 (0.749)
11.065 (0.271)
11.368 (0.251)
13.393 (0.146)
5.656 (0.774)
16.546 (0.056)
2.403 (0.983)
9.671 (0.378)
17.287 (0.044)
14.103 (0.119)
11.128 (0.267)
11.324 (0.254)
6.701 (0.668)
9.580 (0.386)
11.323 (0.254)
17.285 (0.044)
18.230 (0.033)
15.425 (0.080)
5.036 (0.831)
10.371 (0.321)
8.404 (0.494)
3.889 (0.919)
4.749 (0.856)
24 6.265 (0.713)
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Notes: Test statistic based on Lagrange multiplier (LM) test for
autocorrelation in the residuals of VAR models.



Table 3.4

VAR test for seasonal variations in structural shocks

Null: no serial correlation at lag order h

Oil supply Aggregate Precautionary
Month shock demand demand shock
shock
Coefficient Coefficient Coefficient
1 -0.0022 -0.0074 0.0233
(0.255) (0.458) (0.077)
2 0.0016 -0.0073 -0.0087
(0.405) (0.458) (0.500)
3 -0.0021 0.0216 0.0016
(0.264) (0.028) (0.899)
4 -0.0024 -0.0037 0.0130
(0.210) (0.702) (0.317)
5 -0.0031 0.0101 0.0113
(0.101) (0.304) (0.382)
6 -0.0018 -0.0279 -0.0186
(0.351) (0.005) (0.150)
7 0.0035 -0.0002 0.0068
(0.068) (0.984) (0.599)
8 -0.0019 -0.0040 0.0024
(0.327) (0.685) (0.854)
9 0.0012 0.0107 -0.0021
(0.525) (0.274) (0.870)
10 0.0053 0.0068 0.0044
(0.006) (0.488) (0.733)
11 0.0017 0.0025 -0.0278
(0.375) (0.798) (0.032)
12 0.0001 -0.0014 -0.0048
(0.941) (0.884) (0.713)

Notes: Probabilities in parenthesis.
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CHAPTER 4

OIL PRICE SHOCKS AND OIL IMPORT DEMAND: A STRUCTURAL

VAR-PANEL ARDL APPROACH

4.1 Introduction

Oil import demand has been of particular interest in the energy-growth literature as
it constitutes the principal channel for the transmission of energy shocks to the
macroeconomy of energy-importing countries. A considerable amount of research has
examined the demand for oil in general and raw crude or petroleum products in particular.
Atkins and Jazayeri (2004) provide an excellent survey on earlier studies. Recent studies
conducted in a time-series context include Cooper (2003) on the United States and 22 other
countries; Altinay (2007) on Turkey; Gosh (2009) on India; Ziramba (2010) on South
Africa; Sun, Qi, and Jia (2010) on China; Asali (2011) on Group of Seven (G7) countries
and Brazil, Russia, India, and China (commonly termed as BRIC); and Kim and Baek
(2013) on South Korea. Other studies conducted in pooled cross-section or panel context
include Dargay and Gately (2010) for six groups of countries; International Monetary Fund
(IMF, 2011) for a panel of 45 OECD and non-OECD countries; and Javan and Zahran
(2015) for a panel of 25 OECD and non-OECD countries that represent 75% of global oil
demand. The elasticity estimates from these country-specific and panel studies vary

substantially. Nonetheless, the overall empirical results point to one direction: oil import
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demand is generally price and income inelastic in the short-run.

A standard approach utilized by these studies is to model oil import demand as a
function of the price of oil and income (GDP). One reason for this modeling approach is
that fluctuations in the real price of oil is thought to originate from oil supply disturbances
driven by events in the Middle East. Since these events are outside the confines of
macroeconomic models, they are, together with oil price fluctuations, treated as exogenous.
Another reason relates to the notion that oil import demand for any single country is not
large enough to affect world oil prices; hence the price of oil is assumed to be exogenously
determined.

Recent research on oil shocks have challenged these long-held beliefs about the
causes of oil price shocks and provided strong theoretical and empirical evidence that oil
supply disruptions are not the only driver of fluctuations in the real price of oil, but other
factors such as dynamics in global macroeconomic activity as well as concerns about future
oil supply shortfalls also influence the real price of oil (Alquist et al., 2013; Kilian &
Murphy, 2012; Kilian, 2009; Kilian, 2014; Peersman, 2009).

Since Kilian (2009), it has become evident that oil price shocks are driven by
distinct supply and demand shocks: an oil supply shock caused by disruptions in global oil
production (oil supply shocks), an aggregate demand shock driven by global economic
activity (aggregate demand shocks), and an oil market specific demand shock driven by
precautionary demand motives (precautionary demand shocks). Consequently, current
research efforts have been directed towards the re-examination of the effects of these
distinct oil price shocks on macroeconomic variables such as output and inflation, but none

on oil import demand.
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My goal in this chapter is to fill in the gap by building on the recent advances in the
oil shocks literature to develop a two-step empirical framework to examine the effects of
the three distinct oil price shocks on oil import demand. The analysis relies on more recent
data (1980-2013) for a sample of 30 oil-importing countries.

The central message of the chapter is that the standard approach to modeling oil
import demand as a function of oil price and GDP is not well-defined because it implicitly
assumes that one can vary the price of oil while holding all other variables fixed. This
ceteris paribus assumption is not appropriate for two reasons.

First, the standard approach implies that oil import demand is endogenous while
the price of oil and GDP are exogenous. But this is not the case since the price of oil and
GDP are potentially endogenous and reverse causality may run from one to the other.
Second, shocks to the global economic activity reflected in the demand for all
industrial commodities may have direct effects on oil import demand as well as an
indirect effect working through the price of oil. Thus, even if one controls for the reverse
causality, these direct and indirect effects of global demand shocks on oil import
demand invalidate the ceferis paribus assumption.

I jointly address these issues by developing a two-step structural VAR-panel ARDL
approach. More specifically, I used the structural VAR model proposed by Kilian (2009)
to identify the underlying demand and supply shocks in the global crude oil market and
decompose the real price of oil into three components: oil supply shocks, aggregate demand
shocks, and precautionary demand shocks. I then estimate the sensitivity of oil import
demand to the oil price shocks for a panel of 30 oil-importing countries from 1980-2013

using the panel ARDL model.
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Empirical results from the structural VAR model of the global crude oil market
reveal that an unexpected oil supply disruption causes a modest transitory increase in the
real price of oil; an unanticipated increase in aggregate demand causes a strong increase in
the real price of oil; and an unanticipated increase in precautionary demand for oil triggers
an immediate and large increase in the real price of oil. As robustness checks, I estimate
alternative specifications of the VAR by changing the order of the variables and find that
the results are not sensitive to the ordering of the variables in the model.

Empirical results from the panel ARDL model reveal that import demand for oil is
less sensitive to oil price shocks driven by supply disturbances but highly sensitive to oil
price shocks driven by aggregate demand and precautionary demand shocks. Dividing the
sample into OECD and non-OECD, I find that while OECD and non-OECD oil-importing
countries are identical in their response to oil supply shocks, they differ in their responses
to aggregate demand and precautionary demand shocks. The elasticity estimates are robust
to whether raw crude imports or petroleum products imports are used as measures of oil
import demand.

My principal contribution to the literature is that I model oil import demand as a
function of the decomposed oil price shocks and provide new evidence that contrary to the
standard modeling approach in existing literature, changes in the demand for imported oil
do not depend on a single oil price shock but depend on multiple oil price shocks resulting
from oil supply shocks, aggregate demand shocks, and precautionary demand shocks.

The rest of the chapter is organized as follows. In Section 4.2, I lay out the two-step
methodology utilized to disentangle the supply and demand shocks to the real price of oil

and examine their respective impact on oil import demand. I describe the data in Section
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4.3. In Section 4.4, I present and discuss the empirical results. I follow up with a discussion
of the observed differential response of oil import demand across oil-importing countries

in Section 4.5 leading to the conclusion in Section 4.6.

4.2 Methodology

To examine the effects of oil price shocks on oil import demand, I develop a two-
step estimation procedure. First, I use the structural VAR model to disentangle the
underlying demand and supply shocks to the real price of oil. Second, I used the panel
ARDL model to estimate the degree of responsiveness — elasticities — of oil import demand

to the shocks.

4.2.1 The Structural VAR Model
Following Kilian (2009), I define a structural VAR model of the global crude oil

market as follows:

24
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where z; denotes a vector time series consisting of monthly global crude oil production
(PROD;), an index of monthly global real economic activity (REA;), and the monthly real
oil price (ROP;). The model allows for two years of lags. The sample period is January
1980 to December 2013. The error term, &, denotes the vector of serially and mutually
uncorrelated structural innovations. Ao ! has a recursive structure such that the reduced-

. _ A1
form errors e;can be decomposed according to ;= Ay e,
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This model postulates that the real price of oil is determined by the intersection of
a vertical supply curve of oil and a downward sloping demand curve for oil. Oil supply
shocks triggered by — say, a disruption in global oil supply — move the vertical supply curve
along the demand curve causing the real price of oil to change. Oil demand shocks (driven
by aggregate demand shocks or precautionary demand shocks) move the demand curve
along the vertical supply curve, again causing the real price of oil to change.

As in Kilian (2009), I impose the following restrictions on A¢'. First, I define oil
supply shocks as unpredictable innovations to global oil production and assume that oil
supply does not respond to innovations to the demand for oil within the same month. This
exclusion is conceivable as in practice, oil-producing countries tend to be slow in their
response to demand shocks due to increased adjustment costs of oil production and the
uncertainty about the state of the crude oil market. Second, I define aggregate demand
shocks as innovations to global real economic activity that cannot be explained based on
oil supply shocks. I impose the exclusion restriction that increases in the real price of oil
driven by shocks that are specific to the oil market will not lower global real economic
activity immediately, but with a delay of at least one month, as it takes time for global real
economic activity to adjust. This restriction captures the sluggish response of global real
economic activity after major oil price increases. Finally, I attribute shifts in demand for
oil that are not driven by changes in global real economic activity to oil-market specific

events driven by fears concerning the availability of future oil supply shortfalls. I refer to
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this shock as precautionary demand shock.*

Since my main concern is to examine how each of the decomposed oil price shocks
affect oil import (data on which are available only on annual basis for majority of the
countries in the sample), I constructed annual shock series by averaging the monthly oil

price shocks for each year as follows:

25 s=1,2,3 4.2)
where (54, s = 1,2,3 are the three decomposed oil price shocks and &7, refers to the
estimated residual for the s oil price shock in the i month of the £ year of the sample.’
Figure 3.4 depicts time path of the annualized oil price shocks implied by the model. As
indicated by the plots, at any giving point in time, fluctuations in the real price of oil is
driven by a multitude of shocks: shocks from the global crude oil production (oil supply
shock), shocks to the global demand for all industrial commodities including oil (aggregate
demand), and shocks driven by shifts in precautionary demand for oil (precautionary
demand shocks).

One approach to estimating the elasticities of oil import demand to the

decomposed shocks is to use a distributed lag regression model of the following form:

4 The justification for labelling the latter shocks as precautionary demand shock is provided in Chapter 3.

3 T used simple averaging of the monthly shocks to generate the annualized shocks. As robustness checks, I applied
alternative frequency conversion methods for converting data from high frequency (monthly) to low frequency (yearly).
The elasticity estimates from the alternative frequency conversions remain largely consistent with the elasticity estimates
from the baseline model that uses simple averaging. The alternative frequency conversation methods include sum
observations that set the low observation equal to the sum of the observations in the corresponding high observations,
that is, take the sum of say Jan. 2009, Feb. 2009,..., Dec. 2009 and put them into Y2009; first observation that sets the
low observation equal to the value in the first of the corresponding high observations, that is, take the value of Jan. 2009
and put it into Y2009; last observation that sets the low observation equal to the value in the last of the corresponding
high observations, that is, take the value of Dec. 2009 and put it into Y2009; max observation that sets the low observation
equal to the maximum of the corresponding high observations, that is, take the maximum of Jan. 2009, Feb. 2009,..., Dec.
2009 and put it into Y2009; and min observation that sets the low observation equal to the minimum of the corresponding
high observations, that is, take the minimum of Jan. 2009, Feb. 2009,..., Dec 2009 and put it into Y2009.
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Mi=os+ysi ) Cseites,  s=1,2,3 4.3)
i=1
where M;, denotes oil import demand; 5 are the impulse response coefficients which
corresponds to horizon i; {"s are the three serially uncorrelated oil price shocks; and e;;are
potentially serially correlated errors.

Kilian et al. (2009) utilized this distributed lag regression model on an equation-
by-equation basis to examine the effects of oil shocks on external balances for individual
and groups of countries. Though dynamic, the distributed lag equation-by-equation
approach is less parsimonious especially if the study is dealing with a large set of countries.
In addition, the equation-by-equation approach does not fully incorporate the sample
dynamics since each country or group is modelled separately.

Thus, the study employs the panel ARDL approach to cointegration which takes the
sample dynamics into account by using the lags of the dependent variable and the lagged
and contemporaneous values of the explanatory variable(s) to estimate a single equation
that concurrently provides elasticity estimates at the panel level as well as the country-
specific level. An added advantage of the panel ARDL model is that it can be applied
irrespective of whether the underlying variables in the model are purely /(0) or purely /(1)
or partially integrated (Altinay, 2007; Pesaran, Shin, & Smith, 1999; von Armim &

Prabheesh, 2013).

4.2.2 The Panel ARDL Model
The panel ARDL model was developed by Pesaran, Shin, and Smith (1999). To

estimate the elasticities of oil import demand to the decomposed structural shocks, I
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constructed the following panel ARDL(p,q) model:

p q
Miy= Di,jﬂ/fi,tfj + Zwi,jé” sijtuiteir p=1,9=5 (4.4)
J=1 J=0
wherei=1,2,..,N;t=1, 2,.., T; M;;denotes oil import demand; ("5, s = 1,2,3 are the three
decomposed oil price shocks; w; is the fixed effects; e;; is the error term and are
independently distributed across i and ¢ with means 0 and variance ¢* > 0; the coefficients
of the lagged dependent variable, 4, are scalars; y;;are k x 1 coefficient vectors of the oil

price shocks.

Reparameterizing Eq. (4.4) yields the following error correction model to be

estimated:
pl g1
AMir= pi(Mi1 —Bisa-1)+ Y JijAMig5+ Y wigAl si+eie p=1,¢=5 4.5)
= =0

where @; is the error-correction speed of adjustment parameter; (M, -1 - fi{"s,—1) represents
the long-run component of the model; and y;; are k£ x 1 vector of short-run elasticities of
oil import demand to the three decomposed oil price shocks. The parameter ¢ is chosen to
coincide with the maximum horizon of the short-run price elasticities to be estimated. As
standard in the literature for short-run analysis, the maximum horizon is set to five years.

To capture the time path of the short-run response to the decomposed oil price
shocks, I did not sum the short-run price elasticities across the five years worth of lags.
Rather, I presented the elasticities for each period as estimated by the model. Also, I
included a time trend in Eq. (4.5) to account for trends in oil import demand.

Of primary interest in Eq. (4.5) are the error-correction speed of adjustment
parameter, ¢;, the long-run oil price elasticity coefficients, f;, and the short-run oil price

elasticity coefficients, y;;. Theoretically, ¢; is expected to be negative if the variables
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exhibit a return to long-run equilibrium. For an adverse oil supply shock, the long-run price
elasticities of oil import demand, f;, and short-run price elasticities of oil import demand,
wij, are expected to be negative and the absolute value < 1 (inelastic). For demand shocks
(positive aggregate demand shock and adverse precautionary demand shock), the long-run
price elasticities of oil import demand, f;, and short-run price elasticities, y;,, are expected

to be positive.

4.3 Data

The global oil market variables in the structural VAR model include world oil
production, global real economic activity, and real oil price. All the variables are in
monthly series and covers the sample period from January 1980 to December 2013. Oil
production and price data are obtained from the United States EIA. The oil price is the
nominal refiner acquisition cost of imported crude oil deflated by the United States GDP
deflator, which is considered to be the best proxy for global price of oil in the literature.
The global economic activity indicator is proposed in Kilian (2009) and is available on his
research webpage. All the oil market variables are expressed in detrended logs. The plots
of the data series are shown in Figures 3.1 to 3.3. For all the variables, I can reject the null
hypothesis of the existence of unit root at the 10% level using the Augmented Dicky-Fuller
test (Table 3.1). Also, I can reject the null of no cointegration at the 1% level based on the
Johansen cointegration test (Table 3.2).

The primary data source for the oil demand variable is the International Energy
Agency (IEA) Energy Balances database. Annual volume of raw crude (import and export)

and petroleum products (import and export) in million tons of oil equivalent was taken
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from the IEA database for a sample of 30 oil-importing countries from 1980-2013. A
country is classified as an oil importer if its average volume of raw crude exports is less
than 15% of its average volume of raw crude imports during 1980-2013 period. Table 4.1
contains the list of countries included the sample.

To control for the size of the oil importing countries, I constructed the oil demand
variable as follows. I converted the annual oil import data from million tons of oil
equivalent (mtoe) to million barrels of oil per year (mbpy) based on Brent crude conversion
factor of 1 metric ton (m¢) of oil equivalent equals 7.57 barrels of oil. I then multiplied the
resultant volume of oil import, in mbpy, by the nominal crude oil price and expressed it as
a share of GDP. The baseline panel ARDL model uses this measure of oil import demand
as the dependent variable. However, the results are robust whether raw crude import or
petroleum products (expressed as shares of GDP) are used as the dependent variable.®

Since the oil demand variables are for a panel of countries, panel unit root tests
were applied to examine stationarity. The choice of panel unit root test however depends
on whether the sample data is cross-sectional dependent or independent. If the sample is
cross-sectionally dependent, the appropriate panel unit root test is the Pesaran (2007) CIPS
test but if the sample is cross-sectionally independent, the appropriate panel unit root is
Levin, Lin, and Chu (2002) LLC test and Phillips and Perron (1988) PP test. Table 4.2
reports the results from the Pesaran (2004) cross-sectional dependence (CD) test on oil

import demand. The results indicate that the null hypothesis of cross-sectional

6 I excluded China from the baseline panel ARDL model because China was a net oil-exporter from 1980-1992 before
it became a net oil-importer in 1993 and thereafter. In addition, its average oil export as a share of average oil import
from 1980-2013 is 20% (which is above the 15% threshold and more than twice the highest in the sample). I however
estimated a separate model for China and the elasticity estimates generally exhibits similar patterns like most oil-
importing countries in the sample. Oil import is strongly responsive to demand-driven oil price shocks but mildly
responds to supply-driven oil price shocks.
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independence can be rejected at the 5% level. Thus, I applied the Peseran (2007) panel unit
root CIPs test to examine the stationarity of the oil import demand variable. Results in

Table 4.3 indicate that oil demand variables are stationary.

4.4 Empirical Results

4.4.1 Decomposed Oil Price Shocks

Figure 4.1 shows the impulse response pattern of real oil price to the supply and
demand shocks in the global oil market based on the structural VAR model in Eq. (4.1).
The plots show that fluctuations in the real price of oil originate from different sources: oil
supply shock, aggregate demand shock, and precautionary demand shock. Consistent with
Kilian (2009) and Peersman and Van Robays (2009), the study finds that an unexpected
oil supply disruption causes a modest transitory increase in the real price of oil; an
unanticipated increase in aggregate demand causes a strong increase in the real price of oil;
and an unanticipated increase in precautionary demand for oil triggers an immediate and
large increase in the real price of oil.

Figure 4.2 shows the historical decompositions of the real price of oil. As evident
from the plots, oil supply shocks have historically made relatively small contributions to
fluctuations in the real price of oil. Indeed, the largest contributions come from aggregate
demand shocks and precautionary demand shocks. While aggregate demand shock is
responsible for longer swings in the real price of oil, precautionary demand shock is
responsible for relatively sharp swings in the real price of oil. These results are consistent
with the findings in the oil shocks literature (Barsky & Kilian, 2004; Fattouh et al., 2013;

Kilian & Murphy, 2014; Kilian, 2009; Knittel & Pindyck, 2013; Peersman, 2009).
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4.4.2 Effects of Decomposed Oil Price Shocks on Oil Import Demand

Before estimating the panel ARDL model, a necessary step is to test for
cointegration among the underlying variables to determine the existence or absence of a
long-run relationship. This requirement ensures that the ARDL model reaches a long-run
stable equilibrium. To test for cointegration, I applied three standard panel cointegration
tests (Fisher-Johansen, 1988; Kao, Chiang, & Chen 1999; Pedroni, 1999). The results in
Table 4.4 indicate that oil import demand and the oil shocks are cointegrated based on at
least two of three panel cointegration tests. Having established the cointegration
relationship among oil import demand and the oil shocks, I estimated the long-run and
short-run elasticities of the ARDL model in Eq. (4.5).

Tables 4.5, 4.6, and 4.7 report the panel results for oil import demand response to
each of the decomposed oil price shocks. The long-run price elasticities of oil import
demand are reported in the first part of each table while the short-run dynamics are reported
in the second part. The elasticity estimates represent the degree of responsiveness to a 10%
structural innovation in each of the decomposed oil price shocks.

As expected, the error-correction speed of adjustment parameter, ¢i, is negative and
significant in all estimated models, confirming that the underlying variables in the model
exhibit a return to long-run equilibrium. Also, as expected, the panel long-run price
elasticities of oil import demand, Pi, are negative and inelastic in response to an adverse
oil supply shock although not statistically significant (Table 4.5). For a positive aggregate
demand shock and precautionary demand shock, the long-run price elasticities of import
demand have the theoretically unexpected signs and are not statistically significant (Tables

4.6 and 4.7).
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Figure 4.3 plots the panel short-run elasticities of raw crude, petroleum products,
and oil (crude plus petroleum) import demand to the three decomposed oil shocks from
Tables 4.5, 4.6, and 4.7. All the short-run elasticity estimates (with few exceptions in
Models 1, 2, 5, 6, and 7) are statistically significant at the 5% level. For a 10% structural
innovation in each of the three distinct oil price shocks and a maximum elasticities horizon
of five years, the elasticity estimates at the panel level reveal the following results. In
response to an adverse oil supply shock, the price elasticity of oil import demand is negative
and price inelastic. This suggests that, an adverse oil supply shock results in a less than
proportionate decrease in oil import on impact but the decrease is transitory as the elasticity
turns positive after the second year. After a positive aggregate demand shock, the price
elasticity of oil import demand is positive and price inelastic implying that, a positive
aggregate demand shock results in a relatively strong persistent increase in oil import with
about a year delay. The increase in imports peaks about the third year and begins to decline
afterwards. Finally, precautionary demand for oil driven by concerns about the availability
of future oil supply triggers a sharp increase in oil import demand in the first year, followed
by a decline thereafter as concerns about future oil supply shortfalls ease. These results are
identical for raw crude and petroleum products import demand.

The assumption that the oil price shocks (s, s = 1, 2, 3 are exogenous is tested
using the Hausman-Durbin-Wu regressor endogeneity test. Exogeneity here means
predeterminess of the oil price shocks, that is, the oil price shocks are determined outside
the panel ARDL model. Table 4.8 reports the results which confirms the exogeneity of the
shocks across all countries in the sample.

The country-level short-run elasticity estimates of the various measures of oil
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import demand to the decomposed oil price shocks are summarized in Appendix B. All the
short-run elasticities are statistically significant at the 5% level. Given the large degree of
heterogeneity across oil-importing countries, Figures 4.4 to 4.9 compare the results from 3
OECD and 3 non-OECD countries.” Figures 4.4, 4.5, and 4.6 plot the short-run elasticities
for 3 OECD oil-importing countries (United States, Germany, and the Netherlands) and
Figures 4.7, 4.8, and 4.9 plot the short-run elasticities for 3 non-OECD oil-importing
countries (Bangladesh, Kenya, and El Salvador).®

Regarding OECD oil-importers, plots in Figure 4.4 (United States), Figure 4.5
(Germany), and Figure 4.6 (the Netherlands) show that an unanticipated oil supply
disruption causes a small transitory decrease in oil import demand (negative and price
inelastic) in the United States and Germany but does not have an immediate impact on oil
import demand in the Netherlands as the price elasticity is zero in the first year and turns
positive from about the second year. A positive aggregate demand shock results in a strong
and persistent increase in oil import with about a year’s delay (positive but price inelastic)
across the OECD countries. Precautionary demand for oil triggers an immediate increase
demand for imported oil in all the 3 countries. However, it appears that the Netherlands’
immediate response to precautionary demand for imported oil is stronger relative to United
States and Germany.

Turning now to non-OECD oil-importing economies, plots in Figure 4.7
(Bangladesh), Figure 4.8 (Kenya), and Figure 4.9 (El Salvador) indicate that Kenya is more

sensitive to adverse oil supply shocks in their demand for imported oil (negative and

7 The country classification is based on World Bank GNI per capita from 1980-2013. Alternative classifications based on World Bank
PPP GNI per capita and PPP GDP per capita (data on which is available from 1990-2013) yielded similar country categorization.

8 Plots for the remaining 24 oil-importing countries in the sample are available but not reported due to space constraints.
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persistently price inelastic), while Bangladesh and El Salvador are less sensitive to adverse
oil supply shocks in their demand for imported oil (literally zero price elasticity for most
part of the five-year horizon). A positive aggregate demand shock results in a strong
increase in oil import in El Salvador than in Kenya and Bangladesh. Among the 3 non-
OECD oil-importing economies, demand for imported oil is more responsive to
precautionary demand shocks in El Salvador and Kenya than in Bangladesh.

Comparing OECD and non-OECD oil-importing countries, their responses to oil
supply shocks are found to be identical. For instance, demand for imported oil in
Bangladesh, like in the United States and Germany, is not sensitive to adverse oil supply
shocks in the first year immediately after the shock. Also, oil import demand in El Salvador
exhibits similar pattern to the Netherlands. In both countries, oil import demand decreases
marginally in the first year following an adverse oil supply shock but increases from about
the second year. Since OECD oil-importing countries with advanced financial systems tend
to be less financially constrained, and hence, less sensitive to supply-driven oil price
shocks, the identical response by OECD and non-OECD countries could reflect the role of
oil consumption subsidies in non-OECD countries (Bangladesh and El Salvador) to help
absorb the adverse oil supply shocks.’

In contrast to the identical response to supply-driven oil price shocks, the response
to demand-driven oil price shocks, especially in the case of aggregate demand shocks,
differs between OECD and non-OECD. Among OECD countries, the largest response to
aggregate demand comes from the Netherlands (with price elasticity of 0.22 in the first

year following the shock) while among non-OECD countries, the largest response is from

9 According to IEA estimates for 2012, oil subsidies amounted to $100 million in EI Salvador and $900 million in Bangladesh (IEA
World Energy Outlook, 2015).
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Kenya (with price elasticity of 0.15 three years following the shock). As summarized in
Appendix B, the observed differences across the 3 OECD and 3 non-OECD oil-
importing countries highlighted in this section are representative of the remaining 24

countries (OECD and non-OECD) in the sample.

4.5 Discussion

The observed differential response of oil import demand to the three distinct oil
price shocks between OECD and non-OECD oil-importing countries could reflect cross-
country heterogeneity driven by factors such as the size of manufacturing sector, refinery
capacity, oil consumption subsidies, and financial constraint variables. For example,
demand for imported oil in countries with relatively large manufacturing sector may be
less responsive to supply-driven oil price shocks but highly responsive to aggregate
demand-driven oil price shocks. Similarly, oil-importers with relatively large refinery
capacity may be less responsive to supply-driven price shocks but respond strongly to
aggregate demand-driven price shocks.

In addition, oil-importing countries with oil consumption subsidies may not
significantly decrease their demand for imported oil following a supply-driven shock. In
the case of demand-driven shocks, the effect of oil consumption subsidies on oil import
demand could also depend on the size of manufacturing sector and the combination of these
two factors can lead to completely different responses to oil price shocks even among oil-
importing countries with significant oil consumption subsidies.

Finally, oil-importers with relatively large net foreign asset positions (less

financially constrained) may be resilient to supply-driven price shocks and respond
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strongly to aggregate demand-driven price shocks.

The two-step structural VAR-panel ARDL approach proposed in this chapter
cannot separate out the potential influence of these cross-country heterogeneity factors on
oil import demand response to the decomposed oil price shocks. However, the evidence I
have presented here based on the two-step approach points to a clear story. Oil import
demand does not depend on a single oil price shock but depends on multiple oil price
shocks resulting from oil supply shocks, aggregate demand shocks, and precautionary
demand shocks. Supply-driven oil price shocks cause mild transitory decrease in oil import
demand. Demand-driven oil price shocks (aggregate demand and precautionary demand

shocks) trigger strong increases in oil import demand.

4.6 Conclusion

In this chapter, I disentangle the underlying causes of oil price shocks and estimate
their impact on oil import demand for a sample of 30 oil-importing countries. The central
message of the chapter has been that the standard approach to modeling oil import demand
as a function of oil price and GDP is not well-defined because it implicitly assumes that
fluctuations in the real price of oil is exogenous to oil-importing countries.

Using the structural VAR model of the global oil market, I endogenize the real price
of oil and decompose oil price shocks into three distinct components: oil supply shocks,
aggregate demand shocks, and precautionary demand shocks. I then model oil import
demand as a function of the shocks and provide the short-run oil import demand elasticity
estimates to each shock as well as the time path of the elasticities for a sample of 30 oil-

importing countries using panel ARDL model.
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Empirical results from the structural VAR model of the global crude oil market
reveal that an unexpected oil supply disruption causes a modest transitory increase in the
real price of oil; an unanticipated increase in aggregate demand causes a strong increase in
the real price of oil; and an unanticipated increase in precautionary demand for oil triggers
an immediate and large increase in the real price of oil. Empirical results from the panel
ARDL model show that import demand for oil is less sensitive to oil price shocks driven
by supply disturbances but highly sensitive to oil price shocks driven by aggregate demand
and precautionary demand shocks. Dividing the sample into OECD and non-OECD, I find
that while OECD and non-OECD oil-importing countries are identical in their response to
oil supply shocks, they differ in their response to aggregate demand and precautionary
demand shocks.

My main contribution to the literature is that I model oil import demand as a
function of the decomposed oil price shocks and provide new evidence that contrary to the
standard modeling approach in existing literature, changes in the demand for imported oil
do not depend on a single oil price shock but depend on multiple oil price shocks resulting
from oil supply shocks, aggregate demand shocks, and precautionary demand shocks.
Supply-driven oil price shocks cause mild transitory decrease in oil import demand.
Demand-driven oil price shocks (aggregate demand and precautionary demand shocks)

trigger strong increases in oil import demand.
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Table 4.2
Cross-section dependence test

Pesaran (2004) CD Test
Null: cross-section independence

Variable Test statistic p-value
CRUDE IMP DD 88.33 %4 0.000
PETRO IMP DD 66.69*** 0.000
OIL IMP DD 06.42*** 0.000

Notes: CRUDE IMP DD = Crude import bill as share of GDP. PETRO IMP DD = Petroleum products
import bill as share of GDP. OIL IMP DD = Qil (crude plus petroleum products) import bill as share of
GDP. p-values: *** denotes 1% level of significance, ** 5%, and * 10%.

Table 4.3

Panel unit root test with cross-sectional dependence

Pesaran (2007) CIPS Test
Null: series not stationary

Variable Test statistic p-value
Crude import -5.773%** 0.000
Petroleum import -4, 295%%* 0.000
Oil import -5.336%** 0.000

Notes: CRUDE IMP DD = Crude import bill as share of GDP. PETRO IMP DD = Petroleum products
import bill as share of GDP. OIL IMP DD = Qil (crude plus petroleum products) import bill as share of
GDP. p-values: *** denotes 1% level of significance, ** 5%, and * 10%.
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Panel cointegration tests
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Variable combination Johansen- Pedroni Kao
Fisher statistic ADF ADF
Oil supply shock
CRUDE IMP DD & 0Oil SS SHOCK 173.4%** -2.942%%* -1.493*
(0.000) (0.002) (0.068)
PETRO IMP DD & OIL SS SHOCK 143.0%** 0.162 3.064%**
(0.000) (0.565) (0.001)
OIL IMP DD & OIL SS SHOCK 163.0%*** -1.282%* -1.098
(0.000) (0.099) (0.136)
Aggregate demand shock
CRUDE IMP DD & AGG DD SHOCK 337.2%%* -2.739% % 0.244
(0.000) (0.003) (0.404)
PETRO IMP DD & AGG DD SHOCK 304.4%%* 0.835 3.304 %%
(0.000) (0.798) (0.000)
OIL IMP DD & AGG DD SHOCK 204 9#** -1.455% 1.023
(0.000) (0.072) (0.153)
Precautionary demand shock
CRUDE IMP DD & PREC DD SHOCK 251.2%#* -2.7794 %% -1.179
(0.000) (0.003) (0.119)
PETRO IMP DD & PREC DD SHOCK 213.6%** 0.1026 2.856%**
(0.000) (0.541) (0.002)
OIL IMP DD & PREC DD SHOCK 246.9%** -1.826** -0.899
(0.000) (0.034) (0.184)

Notes: Fisher statistic, Pedroni ADF, and Kao ADF null hypotheses: no cointegration. p-values in parenthesis: ***

denotes 1% level of significance, ** 5%, and * 10%.



Table 4.5

Elasticities of respective fuel import demand to oil supply shock (panel)

ARDL(1,5)
Dynamic regressors (3 lags, fixed): OIL SS SHOCK
Model 1 Model 2 Model 3
Dependent Dependent Dependent
variable: variable: variable:
A(CRUDE IMP A(PETRO IMP  A(OIL IMP DD)
DD) DD)
Long-run Equation
OIL SS SHOCK -0.0223 -0.0223 -0.0250
(0.443) (0.314) (0.695)
Short-run Equation
COINTEQO1 -0.4414%** -0.0006** -0.4191***
(0.000) (0.018) (0.000)
A(OIL SS -0.0126%** -0.0064* -0.0253%**
SHOCK) (0.000) (0.051) (0.001)
A(OIL SS -0.0173%** -0.0061*** -0.0279%*
SHOCK(-1)) (0.000) (0.001) (0.027)
A(OIL SS 0.0139%%** 0.0190*** 0.0295
SHOCK(-2)) (0.003) (0.000) (0.904)
A(OIL SS 0.0387%** 0.0278%** 0.0654***
SHOCK(-3)) (0.000) (0.000) (0.000)
A (OIL SS 0.0289%*** 0.0144*** 0.0437***
SHOCK(-4)) (0.000) (0.000) (0.000)
@TREND 0.0004*** 0.0003*%** 0.0008***
(0.000) (0.000) (0.000)
Durbin-Watson 2.092 2.053 2.074

statistic

Notes: Elasticity estimates based on ARDL model with robust standard errors. p-values in parenthesis: ***
denotes 1% level of significance, ** 5%, and * 10%. Durbin-Watson statistic: no serial autocorrelation if test
statistic ~ 2.
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Table 4.6
Elasticities of respective fuel import demand to aggregate demand shock (panel)

ARDL(1,5)
Dynamic regressors (3 lags, fixed): AGG DD SHOCK

Model 4 Model 5 Model 6
Dependent Dependent Dependent
variable: variable: variable:
A(CRUDE IMP  A(PETRO IMP  A(OIL IMP DD)
DD) DD)
Long-run Equation
AGG DD SHOCK -0.0336 -0.0286 -0.1600*
(0.391) (0.208) (0.059)
Short-run Equation
COINTEQO1 -0.3672%** -0.2478%** -0.3118%**
(0.005) (0.000) (0.000)
A(AGG_DD_SHOCK) -0.0277%** -0.01971#** -0.0266**
(0.005) (0.001) (0.018)
A(AGG_DD_SHOCK(- 0.0807*** 0.0231** 0.1125%**
1)) (0.002) (0.015) (0.000)
A(AGG_DD_SHOCK(- 0.1408%** 0.0365%** 0.1796***
2)) (0.001) (0.000) (0.000)
A(AGG_DD_SHOCK(- 0.09027%** -0.0012%%* 0.0898***
3)) (0.011) (0.019) (0.003)
A(AGG_DD_SHOCK(- 0.0186%** -0.0194 0.0033
4)) (0.258) (0.136) (0.806)
@TREND 0.0004%*** 0.0003**x* 0.0007***
(0.000) (0.000) (0.000)
Durbin-Watson statistic 2.030 2.006 1.994

Notes: Elasticity estimates based on ARDL model with robust standard errors. p-values in parenthesis: ***
denotes 1% level of significance, ** 5%, and * 10%. Durbin-Watson statistic: no serial autocorrelation if test

statistic = 2.
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Table 4.7

Elasticities of respective fuel import demand to precautionary demand shock (panel)

ARDL(1,5)
Dynamic regressors (3 lags, fixed): PREC DD SHOCK
Model 7 Model 8 Model 9
Dependent Dependent Dependent
variable: variable: variable:
A(CRUDE IMP A(PETRO IMP  A(OIL IMP DD)
DD) DD)
Long-run Equation
PREC DD SHOCK 0. 09897* -0. 0211 -0. 0502
(0.073) (0.400) (0.695)
Short-run Equation
COINTEQO1 -0.3532%** -0.3041%** -0.41971#**
(0.000) (0.000) (0.000)
A(PREC_ DD SHOCK) -0.0140 0.0188** 0.0150%***
(0.143) (0.013) (0.000)
A(PREC DD SHOCK(- 0.0517%** 0.0490%** 0.1102%***
1)) (0.002) (0.000) (0.000)
A(PREC DD SHOCK(- 0.0065 0.0231** 0.0384***
2)) (0.425) (0.002) (0.000)
A(PREC_DD SHOCK(- -0.0116* 0.0043 -0.0007%**
3)) (0.092) (0.178) (0.000)
A(PREC_DD SHOCK(- -0.0403*** -0.0171*** -0.0535%**
4)) (0.000) (0.000) (0.000)
@TREND 0.0003*** 0.0003**x* 0.0008***
(0.000) (0.000) (0.000)
Durbin-Watson statistic 2.220 2.128 2.199

Notes: Elasticity estimates based on ARDL model with robust standard errors. p-values in parenthesis: ***
denotes 1% level of significance, ** 5%, and * 10%. Durbin-Watson statistic: no serial autocorrelation if test

statistic = 2.
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Table 4.8
Hausman-Durbin—Wu regressor endogeneity test
Null: oil price shocks are exogenous

Country Onl supply Aggregate demand Precautionary demand
shock shock shock

Difference in J-stats Difference in J-stats Difference in J-stats
(Probabilities in parenthesiz) (Probabilities in parenthesis) (Probabilities in parenthesis)

Austria 2.4091 (0.121) 0.0001 (0.990) 0.0008 (0.976)
Bangladesh 23028 (0.129) 0.0007 (0.979) 0.0008 (0.978)
Belgium 2.8222 (0.093) 0.0552 (0.814) 0.0573 (0.811)
Chile 2.7479 (0.097) 0.1396 (0.780) 0.1195 (0.729)
Dominican Rep. 1.3457 (0.246) 0.1822 (0.669) 0.1628 (0.686)
El Salvador 0.9742 (0.324) 0.2433 (0.622) 0.2113 (0.646)
Finland 22433 (0.134) 0.0001 (0.997) 0.0005 (0.992)
France 1.9979 (0.158) 0.0103 (0.919) 0.0085 (0.927)
Germany 23017 (0.129) 0.0043 (0.945) 0.0053 (0.942)
India 3.4951 (0.062) 1.3389 (0.247) 1.3995 (0.238)
Ireland 2.8109 (0.094) 0.0081 (0.929) 0.0134 (0.908)
Israel 23077 (0.129) 0.0002 (0.998) 0.0004 (0.985)
Italy 2.5208 (0.112) 0.0209 (0.885) 0.0214 (0.884)
Tapan 2.5310(0.112) 0.0804 (0.777) 0.0848 (0.771)
Jordan 2.4072 (0.121) 0.0304 (0.862) 0.0218 (0.883)
Kenya 1.5766 (0.209) 0.0701 (0.791) 0.0723 (0.788)
Morocco 2.8951 (0.088) 0.0278 (0.867) 0.0263 (0.871)
Netherlands 3.6224 (0.057) 0.4332 (0.510) 0.4420 (0.506)
Pakistan 2.9108 (0.088) 0.3084 (0.579) 0.2942 (0.588)
Philippines 1.8300 (0.176) 0.0314 (0.859) 0.0384 (0.844)
Portugal 22421 (0.134) 0.0053 (0.942) 0.0031 (0.955)
South Africa 3.2536 (0.071) 0.2213 (0.638) 0.2349 (0.628)
South Korea 3.6224 (0.057) 0.4331 (0.510) 0.4420 (0.506)
Spain 4.5334 (0.033) 0.0288 (0.865) 0.0209 (0.885)
Sri Lanlka 1.0815 (0.298) 0.2318 (0.630) 0.2298 (0.632)
Sweden 3.1296 (0.077) 0.1808 (0.671) 0.1848 (0.667)
Switzerland 2.1003 (0.147) 0.0003 (0.987) 0.0008 (0.978)
Thailand 3.1009 (0.078) 0.7234 (0.395) 0.6949 (0.405)
Turkey 1.3898 (0.238) 0.1954 (0.658) 0.1842 (0.668)
United States 3.9852 (0.046) 0.9765 (0.323) 0.9879 (0.320)
China 1.9493 (0.163) 0.5632 (0.453) 0.5188 (0.471)

Notes: Exogensity here means predeterminess of the oil price shocks. i e, the oil price shocks are determined outside the panel
ARDL model. Difference in Jstats 15 the difference between the restricted and unrestricted test equations.
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CHAPTER 5

MACROECONOMIC EFFECTS OF OIL PRICE SHOCKS: EVIDENCE

FROM OECD OIL-IMPORTING COUNTRIES

5.1 Introduction

Since the oil shocks of the 1970s, a growing number of studies have been examining
the macroeconomic effects of oil price shocks on oil-importing countries. These studies
generally find that oil price shocks are inflationary and reduce the rhythm of economic
activity. In this chapter, I also examine the macroeconomic effects of oil price shocks.
However, I depart from existing literature in two key respects. First, I compare the
macroeconomic consequences of several types of oil price shocks exclusively for OECD
oil-importing countries that constitute 41% of global oil demand. More specifically, [ used
a structural VAR model to distinguish between three different types of oil price shocks and
estimate the effects of the shocks on inflation and output for 14 OECD oil-importing
countries. Second, I evaluate whether structural differences matter for the impact of oil
price shocks across countries, focusing on the role of oil intensity defined as the share of
oil consumption in total energy consumption.

My decomposition of the structural disturbances in the global oil market show that
fluctuations in the price of oil are driven by three distinct shocks, that is, an oil supply

shock caused by disruptions in global oil production, an aggregate demand shock driven
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by global economic activity, and an oil-specific demand shock driven by precautionary
demand motives. While each shock is associated with an increase in the price of oil, the
macroeconomic effects of the shocks on oil-importing OECD countries crucially depend
on the source of the shift: increases in the price of oil driven by oil supply shocks and
precautionary demand shocks are inflationary and unfavorable to economic growth while
increases in the price of oil driven by aggregate demand shocks are inflationary and
favorable to economic growth.

Regarding the role of oil intensity, I find that, after an unfavorable oil supply shock,
low oil-intensive OECD countries typically face modest inflationary pressures, whereas
the inflationary pressures are strong and persistent in high oil-intensive OECD countries.
The recessionary effects are also lower in the former group. In contrast to the differential
effects of oil supply shocks, the effects of oil demand shocks driven by global economic
activity and precautionary demand motives turn out to be very similar across the two
groups. When the oil price shock is caused by increased global economic activity or a rise
in precautionary demand, both groups experience respectively a temporary increase and
transitory decline in real economic output. The inflationary effects of the demand shocks
are strong and identical for both groups. These findings suggest that oil-intensity can
explain the differences in the effects of oil supply shocks across oil-importing OECD
countries but it cannot explain the difference in the effects of oil demand shocks.

The rest of the chapter is organized as follows. Section 5.2 summarizes the literature
on the causes and macroeconomic effects of oil price shocks. Section 5.3 lays out the
empirical methodology and describes the data. Results are presented and discussed in

Section 5.4. Section 5.5 concludes the chapter.
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5.2 Literature Review

Reflecting the preoccupation of many economists with the 1970s oil crises, much
of the literature on the causes and transmission of oil price shocks focused on models with
exogenous oil price shocks. These studies emphasized that historical oil price shocks are
the result of oil supply disruptions caused by military conflicts in the Middle East or
changes in the production quotas set by oil-exporting countries (see Bruno & Sachs, 1982;
Burbige & Harrison, 1984; Hamilton, 1983, 2003; Malinvaud, 1977; among others).'°

However, after a closer examination of the seemingly identical political events in
the Middle East and other major oil producing regions, many observers began to cast doubt
on the oil supply shock view and shifted their attention to the demand side. Barsky and
Kilian (2002) was first to identify demand shocks as major determinants of movements in
the price of oil and Kilian (2009) decomposed the underlying shocks to the price of oil into
three components: shocks caused by disruptions in global oil supply (oil supply shocks);
shocks to global economic activity (aggregate demand shocks); and shocks specific to the
oil market driven by precautionary demand motives (oil-specific demand shocks). His
decomposition provided compelling evidence that demand-driven oil price increases tend
to be stronger and persistent whereas supply-driven oil price increases tend to be milder
and transitory.

Building on Kilian’s novel approach, researchers begun to explore the underlying
causes of oil price shocks. Peersman and Van Robays (2009), Peersman and Van Robays

(2012), and Kilian and Murphy (2014); all concluded that demand conditions collectively

10 Other studies with exogenous oil price shocks include Atkeson and Kehoe (1999), Bohi (1989), Cologni and Manera (2008), Cuado
and Pres de Gracia (2003), Daniel (1997), Dogrul and Soytas (2010), Gisser and Goodwin (1986), Jimnez-Rodrguez and Snchez (2005),
Kilian (2007), Kim and Loungani (1992), Lardic and Mignon (2008), Leduc and Sill (2004), Mork et al. (1994), Raymond and Rich
(1997), Rotemberg and Woodford (1996), and Santini (1985).
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explain major oil price shocks since 1973 and especially in more recent decades. The idea
that demand shocks can explain major oil price fluctuations was initially met with
skepticism but it is now commonly accepted that the role of global demand for oil is
indispensable in understanding the causes of oil price shocks. Consequently, the prevailing
conventional view is that oil price shocks are driven by exogenous oil supply shocks as
well as endogenous demand conditions due to changes in global economic activity and
precautionary demand for oil.

Production disturbances in oil-producing countries can be considered as adverse oil
supply shocks and hence result in a decline in oil production, rising oil prices, increased
inflationary pressures, and depressed global economic activity. The opposite effect of
adverse oil supply shocks on inflation and output is well-documented in the literature (see
Kilian, 2014 for a survey on earlier studies). Recent studies such as Cashin, Mohaddes,
Raissi, and Raissi (2012) find that, adverse oil supply shocks trigger strong inflationary
pressures on major energy-importing countries (Euro Area, Japan, China, and the United
States). Another study by Peersman and Van Robays (2012) find that a negative oil supply
shock results in a permanent fall in economic activity across a set of industrialized
countries. This opposite impact of supply-driven oil price disturbances on inflation and
output tend to complicate appropriate monetary policy reaction as monetary authorities in
oil-importing countries are continuously confronted with a trade-off between price stability
and output stabilization.

Alternatively, spikes in oil price could be caused by increased demand for oil. In
this case, monetary authorities are also confronted with inflationary pressures but the

output situation can be very different. In particular, in the event of increased global
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economic activity, oil-importing countries could themselves be in a boom, or because they
indirectly gain from trade with the rest of the world. This differential impact of demand-
driven oil price shocks on inflation and output is echoed by Baumeister & Peersman (2010),
Cashin et al. (2012), Kilian (2009), and Peersman and Van Robays (2012). Even if the oil
price shock is purely driven by speculations in the oil futures market, as Peersman and Van
Robays (2012) and Arezki and Hasanov, (2013) argued, part of the petrodollars to oil-
producing countries can be recycled through increased trade, thereby reducing the negative
impact on output. Consequently, monetary authorities are not necessarily confronted with
a trade-off between price stability and output stabilization.

Yet again, increases in the price of oil could be driven by precautionary demand for
oil due to fears concerning future oil supply shortfalls. This shock is found to be associated
with inflationary pressures and output decline. Kilian (2009) and Ansuini and Pisani (2015)
concluded that shocks to precautionary oil demand almost completely explain the US
recession of the early 1990s and contributed significantly to the recession in the early 2000s
although during the most recent slump their contribution was more muted. Peersman and
Van Robays (2009) found similar results for the Euro Area. Like supply-driven oil price
shocks, the opposite effect of precautionary demand shocks on inflation and output
complicates appropriate monetary policy response.

In summary, the oil shocks literature suggests that fluctuations in the price of oil
originate from distinct supply and demand shocks and that not only are the source and
magnitude of the shocks relevant to policymakers, but also the time-path and the exact
pass-through to inflation and economic activity are important. Thus, in this study, I build

on the recent advances in the literature to distinguish between supply-driven and demand-
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driven oil price shocks and examine their macroeconomic effects on output and inflation

exclusively for oil-importing OECD countries.

5.3 Methodology and Data

To disentangle the oil price shocks and examine their macroeconomic effects on
output and inflation, I follow Peersman and Van Robays (2012) and consider a VAR model

with the following general specification:

] =eam 5] s [d] (5.1)

The vector of variables included in the VAR are divided into two groups. The first
group, X;, captures the supply and demand conditions in the global oil market and includes
world oil production (Q.i), real oil price (Poir), and a measure of global real economic
activity (Yw). The second group of variables, Y, is oil-importing OECD specific and
contains real GDP (V) and inflation (P)). a is a matrix of constants and linear trends; A(L)
is a matrix polynomial in the lag operator L; B is the contemporaneous impact matrix of
the vector of orthogonalized error terms £*;and "/ ; &* captures the structural shocks in the
oil market; and &}, captures the shocks specific to OECD oil-importers.

I distinguish between three different types of shocks in the oil market block, that is,
an oil supply shock caused by disruptions in global crude oil production, an aggregate
demand shock driven by global real economic activity, and an oil-specific demand shock
driven by precautionary motives. To identify the structural disturbances, I impose sign
restrictions on the estimated impulse responses of oil market variables in X;. I assume that

contemporaneous fluctuations in oil production, global economic activity, and oil prices

are only driven by the three different types of shocks in £¥; which corresponds to restricting
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the B matrix to be block lower triangular.

To disentangle the three oil shocks, I apply the following sign restrictions in Table
5.1. The sign restrictions are derived from a simple supply-demand scheme. First, an oil
supply shock is an exogenous shift of the oil supply curve, and therefore moves oil price
and oil production in opposite directions. Following an unfavorable oil supply shock,
global economic activity will not increase.

Second, shocks to the demand side of the oil market will result in a shift of oil
production and oil prices in the same direction, as demand-driven increases in oil prices
are typically accommodated by increasing oil production in oil-exporting countries. I refer
to such a shock as an aggregate demand shock. Accordingly, this shock is characterized by
a positive co-movement between global real economic activity, oil prices, and oil
production.

Finally, I attribute shifts in demand for oil that are not driven by changes in global
real economic activity to oil market specific events driven by fears concerning the
availability of future oil supply and label this shock as precautionary demand shock. In
contrast to aggregate demand shocks, precautionary demand shocks will not have a positive
effect on global economic activity. In fact, the final impact of precautionary demand on
global economic activity could even be negative due to the associated oil price increase.
Thus, I imposed the sign conditions to hold the first four quarters after the shocks to allow
for sluggish responses. These sign restrictions on the global oil market uniquely identify
the three oil shocks. Since the oil-importing OECD variables are not constrained in the
estimations, the direction and magnitude of these responses are determined by the data.

Also, 1 do not further identify the oil-importing OECD specific shocks in &, since only the
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oil shocks are of interest.

The VAR model was estimated using quarterly data from the first quarter of 1980
to the fourth quarter of 2013. The oil market variables, oil production, global real economic
activity, and real oil price are expressed in detrended logs. Inflation and real GDP are
expressed in percent changes. The list of countries and summary statistics are reported in
Tables 5.2 and 5.3, respectively. For all variables, I reject the null hypothesis of the
existence of unit root at the 10% level using Augmented Dicky-Fuller test (Table 5.4).
Also, I reject the null of no cointegration at the 1% level based on the Johansen
cointegration test (Table 5.5). Per the standard lag selection criteria results in Table 5.6, I
included two lags of the endogenous variables in the model. The results are, however,
robust to different choices of lag length (see Appendix C).

Since I allow for feedback from the country-specific variables to the variables of
the oil market in the VAR model, the magnitude and the dynamics of the identified oil
price shocks could differ depending on the country included in Y;,, which could impair the
comparability of the cross-country effects. To check the significance of this feedback
factor, I imposed strict exogeniety between the oil market and country variables by
estimating a near-VAR model and find that the feedback factor is insignificant. !' Thus, the
results reported in this chapter are not affected by the feedback factor and cross-country
comparisons can be made simply by normalizing the oil shocks from the structural VAR
in Eq. (5.1) to a 10% oil price increase.

Data on all oil-related variables are obtained from the U.S. EIA. The oil price

variable used is the nominal refiner acquisition cost of imported crude oil deflated by the

1T Results from the near-VAR estimation is summarized in Appendix C.
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US GDP deflator, which is considered to be the best proxy for global price of oil in the
literature. The world economic activity indicator is proposed in Kilian (2009) and available
on his research webpage. Inflation and real GDP data for the 14 OECD oil-importers are

obtained from OECD Main Economic Indicators (MEI) database.

5.4 Results
5.4.1 Decomposed Oil Price Shocks

Figure 5.1 shows the impulse response pattern of real oil price to the supply and
demand shocks in the global oil market. The plots show that fluctuations in the real price
of oil originate from different sources: oil supply shock, aggregate demand shock, and
precautionary demand shock. Consistent with Kilian (2009) and Peersman and Van Robays
(2009), the study finds that an unexpected oil supply disruption causes a modest transitory
increase in the real price of oil; an unanticipated increase in aggregate demand causes a
strong increase in the real price of oil; and an unanticipated increase in precautionary
demand triggers an immediate and large increase in the real price of oil.

My estimates from the structural VAR model provide further evidence that not all
price shocks are the same; they originate from different sources, and thus their

macroeconomic effects crucially depend on the source of the shock.

5.4.2 Macroeconomic Effects of Oil Price Shocks
Figures 5.2 and 5.3 show the estimated impulse responses of inflation and real GDP
growth to the three oil price shocks together with the standard error bands. The main results

are the following. First, after a supply-driven oil price shock, oil-importing OECD
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countries experience mild inflationary pressures as inflation rises modestly and remains
slightly above its baseline for an extended period. Economic activity declines three quarters
after the shock but the decline is transitory and not statistically significant. My finding
regarding the mild inflationary pressures of oil supply shocks contrasts those of Cashin et
al. (2012) who find strong inflationary pressures on major energy-importing countries
(Euro Area, Japan, China, and the United States) for an adverse oil supply shock. With
respect to economic activity, my finding also contrasts Peersman and Van Robays (2012),
who show that a negative oil supply shock results in a permanent fall in economic activity
of net oil-importing countries.

The macroeconomic effects of an aggregate demand-driven oil-price shock is
substantially different from those of an oil-supply disturbance. Following an aggregate
demand shock, oil-importing OECD countries experience strong inflationary pressures and
a short-run increase in economic activity. The short-run increase in real output following
an aggregate demand shock is also echoed by Cashin et al. (2012) and Peersman and Van
Robays (2012) and are not surprising given that the oil-price spike is assumed to be
endogenously driven by a shift in global economic activity. Indeed, output can rise because
the country itself is in a boom, or because the country indirectly gains from trade with the
rest of the world.

Finally, a precautionary demand shock triggers strong inflationary pressures and
sharp decline in economic activity across the 14 oil-importing OECD countries. While the
inflationary impact of precautionary demand shock is not persistent as it wears off four
quarters after the shock, the recessionary impact is relatively persistent and wears off

eighteen quarters after the shock. This finding is consistent with Kilian (2009) and Ansuini
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and Pisani (2015), who find that shocks to precautionary oil demand almost completely
explain the US recession of the early 1990s and contributed significantly to the recession
in the early 2000s.

Overall, my findings reveal that oil price shocks are inflationary and detrimental to
economic growth if driven by oil supply shocks and precautionary demand shocks but
inflationary and favorable to economic growth if driven by aggregate demand shocks. The
postestimation diagnostic tests results shown in Tables 5.7, 5.8, and 5.9 confirm the
absence of major diagnostic problems like serial correlation, heteroskedasticity, and
nonnormality. In addition, stability test results in Figure 5.4 indicates that the parameters
in the models are stable over time. As robustness checks, I estimated alternative
specifications of the structural VAR by changing the order of the variables and find that
responses of economic activity and inflation to the three oil price shocks are not sensitive

to the ordering of the variables in the model.

5.4.3 Structural Differences: The Role of Oil-Intensity
Table 5.10 summarizes the role of oil and total energy use across oil-importing
OECD countries. All figures are obtained from the IEA and are calculated as averages per
unit of Purchasing Power Parity-weighted GDP from 1980-2013 for each country. To
evaluate whether structural differences matter for the impact of oil shocks, I focus on the
role of oil intensity defined as the percent of oil consumption in total energy consumption.

I divided the sample into two groups using an average oil-intensity of 54% as cut-off.!? As

12 Given the small oil-intensity margin between low and high oil-intensive countries, from 52% to 57%, |
test whether the difference is statistically significant and find that the null hypothesis of no difference can

be rejected at the 10% level (Appendix C).
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shown in Table 5.7, OECD oil importers with low oil-intensity include Austria,
Finland, Germany, Sweden, Belgium, France, Italy, and the United States. Those with
high oil-intensity include Japan, Netherlands, Switzerland, Ireland, Spain, and Portugal.
Estimating a VAR model in Eq. (5.1) with j representing the two groupings, I find
that, after an unfavorable oil supply shock, low oil-intensive OECD countries typically face
modest inflationary pressures, whereas the inflationary pressures are strong and persistent
in high oil-intensive OECD countries. The recessionary effects are also lower in the former
group (Figure 5.5). In contrast to the differential effects of oil supply shocks, the effects of
oil demand shocks driven by global economic activity and precautionary demand motives
turn out to be very similar across the two groups (Figures 5.6 and 5.7). When the oil price
shock is caused by increased global economic activity or a rise in precautionary demand,
both groups experience a temporary increase and transitory decline in real economic
output, respectively. The inflationary effects of the demand shocks are strong and identical
for both groups. These findings suggest that oil-intensity can explain the differences in the
effects of oil supply shocks across oil-importing OECD countries but it cannot explain the

difference in the effects of oil demand shocks.

5.5 Conclusion

In this chapter, I investigated the causes and macroeconomic effects of oil price
shocks on 14 OECD oil-importing countries using quarterly data from 1980-2013. In
particular, I used the structural VAR model to disentangle oil price shocks and examine
their macroeconomic effects on inflation and real GDP. My decomposition of structural

shocks in the global oil market show that fluctuations in the price of oil are driven by three
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distinct shocks. While each shock is associated with an increase in the price of oil, the
macroeconomic effects of the shocks on oil-importing OECD countries crucially depend
on the source of the shift. I find that increases in the price of oil driven by oil supply shocks
and precautionary demand shocks are inflationary and unfavorable to economic growth
while increases in the price of oil driven by aggregate demand shocks are inflationary and
favorable to economic growth.

Also, I evaluated whether structural differences matter for the impact of oil shocks
across the countries focusing on the role of oil-intensity defined as the percent of oil
consumption in total energy consumption. My findings reveal that OECD oil-importing
countries with relatively high oil-intensity are vulnerable to supply-driven oil price shocks
as they experience stronger inflationary pressures and decline in real output. Since
monetary accommodation could exacerbate the inflationary pressures, supply-oriented
policies that target the production side of the economy appear more appropriate as they
could provide price relief while augmenting real output. These policies include reduction
in employers’ payroll taxes and depreciation allowances for energy-conserving
investments. The latter could lead to substantial energy savings, reduction in oil
consumption per unit of real output, and promote the development of alternative energy

sources.



Table 5.1

Sign restrictions

Structural shocks Qoil Yw Poil Y Pj
Oil supply shock <0 <0 >0
Aggregate demand shock >0 >0 >0
Oil-specific demand shock >0 <0 >0
Table 5.2
List of 14 OECD countries
Country Average Real Average
GDP Growth Inflation
Austria 3.21% 2.70%
Belgium 1.92% 2.98%
Finland 2.31% 3.52%
France 1.84% 3.42%
Germany 1.73% 2.27%
Ireland 4.19% 4.48%
Italy 1.28% 5.44%
Japan 2.10% 1.00%
Netherlands 2.13% 2.44%
Portugal 1.97% 7.91%
Spain 2.25% 5.39%
Sweden 2.07% 3.88%
Switzerland 1.83% 1.93%
United States 2.65% 3.52%
Average 2.25% 3.63%

Notes: Averages based on annual inflation and real GDP data from 1980-2013 obtained

from OECD Main Economic Indicators (MEI) database.

74



75

Table 5.3

Summary statistics of real GDP growth and inflation

Weighted
Real GDP Real GDP Inflation Weighted
Growth Growth Rate Inflation Rate

Mean 2.24% 2.16% 3.63% 3.64%
Median 2.37% 2.29% 2.48% 2.51%
Max 10.86% 10.94% 28.38% 28.32%
Min -8.27% -8.32% -4.50% -4.51%
Std. dev 2.39% 2.39% 3.97% 3.98%
Skewness -0.401 -0.343 2.571 2.510

Kurtosis 5.150 5.262 11.075 11.051

Notes: Real GDP and inflation rate data from OECD Statistics. Weighted real GDP growth and weighted inflation rate
are based on author’s calculations. Weighted Real GDP growth is calculated using PPP-GDP country weights in
percentage of OECD total. Weighted inflation rate is calculated using PPI country weights in percentage of OECD total.

Table 5.4
Unit root test

Augmented Dickey-Fuller Test
Null: series not stationary

Variables Test statistics
Oil-related
Oil production (Qoir) -6.319%** (0.000)
Real economic activity (Yw) -3.103** (0.039)
Real oil price (Poir) -6.023*** (0.000)
OECD oil-importers
Real GDP (Y) -5.741*** (0.000)
Inflation (P) -2.867* (0.052)

Notes: Data on all oil-related variables are obtained from the US Energy Information Administration (EIA). The oil price
variable used is the nominal refiner acquisition cost of imported crude oil, which is considered to be the best proxy for the
global price of imported crude oil in the literature. The world economic activity indicator is proposed in Kilian (2009) and
available on his research webpage. Inflation and real GDP data for the 14 OECD oil-importers are obtained from OECD Main
Economic Indicators (MEI) database. The oil market variables, oil production, global real economic activity, and real oil price
are expressed in detrended logs. Inflation and real GDP are expressed in percent changes. Probabilities in parenthesis. For all
the variables, we can reject the null hypothesis of the existence of unit root at the 10% level



Table 5.5
Cointegration test

Johansen Cointegration Test
Null: no cointegration

Hypothesized # of Test statistic
cointegrating equations

None * 118.332*** (0.000)
At most 1 * 70.487*** (0.000)
At most 2 * 39.548*** (0.003)
At most 3 * 19.874*** (0.010)

Notes: Probabilities in parenthesis. Null of no cointegration rejected at the 1% level.

Table 5.6

VAR lag length by country

Country Optimum lag length

Austria
Belgium
Finland
France
Germany
Ireland
Italy
Japan
Netherlands
Portugal
Spain
Sweden
Switzerland
United States
Average

N W NN NN NN W W W

Notes: Optimum lag length selected based on AIC, SIC, and HQC.
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Table 5.7
VAR residual serial correlation LM tests

Null: no serial correlation at lag order h

Lags LM-Stat
1 32.138
(0.154)
2 34.31
(0.101)
3 35.584
(0.078)
4 51.134+%
(0.001)
5 36.523
(0.064)
6 31.075
(0.187)

Notes: Probabilities in parenthesis. t denotes first acceptance of the
null hypothesis at 5% level of significance.

Table 5.8
VAR residual normality tests

Null: residuals are multivariate normal

Jarque-Bera 428.4370
joint test statistic (0.000)

Notes: Probabilities in parenthesis. Null rejected at 1% level of
significance indicating the presence of non-normality in the residuals.
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Table 5.9
VAR residual heteroskedasticity tests

Null: no heteroskedasticity

Chi-square joint test 5079.841
statistic (0.000)

Notes: Probabilities in parenthesis. Null rejected at 1% level of
significance suggesting that the residuals are heteroskedastic.
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Figure 5.4 Inverse roots of AR (Unit circle)

Notes: Eigenvalues represented by blue dots. Parameters in the
models are stable over time if all the eigenvalues of the
companion matrix lie inside the unit circle



Table 5.10

Energy-related structural differences across countries

87

Net Oil Oil Total Energy  Oil Intensity?

Import® Consumption® Consumption®
Low oil-intensity
Finland 70.41 58.31 150.23 38%
Sweden 60.05 51.35 119.43 42%
Austria 40.45 38.1 84.72 45%
Germany 48.4 42.72 91.33 47%
Italy 45.32 33.77 66.45 51%
France 48.38 42.61 82.73 51%
Belgium 80.57 56.44 109.61 51%
United States 39.55 69.84 133.96 52%
High oil-intensity
Ireland 60.24 47.58 85.08 57%
Japan 68.45 48.1 99.43 58%
Netherlands 39.44 35.15 58.36 60%
Portugal 55.98 41.84 67 62%
Spain 56.85 40.75 65.09 63%
Switzerland 67.13 76.75 104.77 77%

abeAverages for the period 1980-2013 based on International Energy Agency (IEA) data measured as (tons of oil

equivalent)/GDP (million USD, PPP weighted).

dAverages for the period 1980-2013 calculated as oil consumption in percent of total energy consumption, all PPP GDP weighted.
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CHAPTER 6

CONCLUSION

This dissertation extends recent advances in the oil shocks literature to investigate
the underlying causes of oil price shocks and examines the macroeconomic effects of the
shocks on oil-importing countries. Several interesting results emerge from the analysis.
First, oil price shocks are found to be caused by distinct supply and demand shocks: an oil
supply shock caused by disruptions in global oil production, an aggregate demand shock
driven by global economic activity, and an oil-specific demand shock driven by
precautionary motives. An unexpected oil supply disruption causes a modest transitory
increase in the real price of oil; an unanticipated increase in aggregate demand triggers a
strong increase in the real price of oil; and an unanticipated increase in precautionary
demand for oil triggers an immediate and large increase in the real price of oil.

Second, for a sample of 30 oil-importing countries (OECD and non-OECD), import
demand for oil is found to be less sensitive to oil price shocks driven by supply disturbances
but highly sensitive to oil price shocks driven by aggregate demand and precautionary
demand shocks. Dividing the sample into OECD and non-OECD, the findings reveal that
while OECD and non-OECD oil-importing countries are identical in their responses to oil
supply shocks, they differ in their response to aggregate demand and precautionary demand

shocks.
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Third, for a subsample that constitute 14 oil-importing OECD countries, the
dissertation finds that increases in the price of oil driven by oil supply shocks and
precautionary demand shocks are inflationary and unfavorable to economic growth while
increases in the price of oil driven by aggregate demand shocks are inflationary and
favorable to economic growth. Examining whether structural differences matter for the
impact of oil shocks across countries focusing on the role of oil intensity, the findings show
that, after an unfavorable oil supply shock, low oil-intensive OECD countries typically face
modest inflationary pressures, whereas the inflationary pressures are strong and persistent
in high oil-intensive OECD countries. The recessionary effects are also lower in the former
group. In contrast, when the oil price shock is caused by increased global economic activity
or a rise in precautionary demand, both groups experience a temporary increase and
transitory decline in real economic output, respectively. The inflationary effects of the
demand shocks are strong and identical for both groups.

The dissertation contributes to the literature in three key respects. First, the
decomposition of the structural disturbances to the real price of oil provides new evidence
that the increase in the real price of oil between 2009 and 2010 is driven in most part by
aggregate demand shocks despite the sluggish global economic activity post-2008
recession. However, the increase in the real price of o1l from 2011 to 2013, is driven mainly
by precautionary demand motives due to uncertainties about future oil supply shortfalls.
Supply disturbances played a marginal role during these two periods.

Second, the dissertation provides new evidence that changes in oil import demand
across oil-importing countries (OECD and non-OECD) is not only responsive to supply-

driven oil price shocks as commonly believed, but also responsive to aggregate demand-
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driven and precautionary demand-driven oil price shocks. In particular, supply-driven oil
price shocks cause mild transitory decrease in oil import demand whereas demand-driven
oil price shocks (aggregate demand and precautionary demand shocks) trigger a strong
increase in oil import demand.

Finally, the dissertation adds to the literature by providing new evidence that oil
intensity — defined as the percent of oil consumption in total energy consumption — can
explain the differences in the effects of oil supply shocks across oil-importing OECD
countries but it cannot explain the differences in the effects of aggregate demand and
precautionary demand shocks.

At a more general level, the essential gist of the dissertation is that oil price shocks
originate from distinct supply and demand shocks and that the macroeconomic effects of
the shocks and the appropriate policy responses crucially depend on the sources of the

shocks.
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Table B.1
Elasticity of crude import demand to oil supply shock (by country)

Model 1
Dependent variable: A(CRUDE IMP DD)
Short Faun Equation
A[OIL 55 A[DIL 53 A[DIL 53 A[DIL 53
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T i LY L L I L Dol ToLoe T+ Lo
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{0.000) {0000 70.000) {0.000) {0.000) {0.000) {0.000)
El Salvador L3RI 00050 Q0LE1ee D055 0030 00804+ 000D1%e
{0.000) (0.001 70.000) {0.000) {0.000) {0.000) {0.000)
Filand 03366 00l D01Eee Di13ge 0453 DOFID*R Q0004
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Frauce 032004 00030%e  00112%e 003G D043 DOLE0** Q0001
{0.000) {0,000 {0.000) {0.000) {0.000) {0.000) {0.000)
Cermany 033640 00013 000204 D.OLE3* 0320 DOLTE** Q0001
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
India 03T04%ee QQdETeee DRA0Se 005 D.063E* D042 QOD13e
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Irsland DA 00000 P DODET DOL15* DOLOE*** Q0001+
{0.000) (0.000) 70.000) {0.000) {0.000) {0.000) {0.000)
Lerzel 023 00207 000RGHe DA111% 0450 DOZEI*R Q0003
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Inaly DI 000EEF D0E4%e DOLG4* D366 DOLTI** Q0004
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Tapen 0300 00343 QI233Se 0006 D366 DOIEESR Q0003
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Torda 038474 0.0100%* 002504 D.070E* 0.1404%%+ DiZ5g*w Q0003
{0.000) (0.012) {0.003) {0.000) {0.000) {0.000) {0.000)
Eenya 073004 DQ0L3ees  Q4Tgee 0424w R 00043+ 00001
{0.000) (0.001) {0.000) {0.000) {0.000) {0.000) {0.000)
South Korez 051504 00201%+e 04609 D.0DgT* D.0E26 DOESD*+* Q0013+
{0.000) (0.000) {0.000) {0.001) {0.000) {0.000)
Marocza DS0RGYee 00530 QOIETHe DOE11+ DOEII*  QO00g"
{0.000) {0000 {0.000) {0.000) {0.000) {0.000)
Metherlands DI04TIeee 0DO0E  DO0EFeee D.0308% DO3AL*R Q0005
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000)
Dakistn DIE131e  0D0EETT 006G R Di13g DOLEI** Q0004
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Dhilippines DEDELee 002034+ 003560 000404+ 0305 DOL4E** Q0000
{0.000) {0,000 {0.000) {0.000) {0.000) {0.000) {0.000)
Partuza] 03053 002B4ee Q00E% 0306 DOTED DOSIL*R Q0004
{0.000) (0.000) [0.000) {0.000) {0.000) {0.000) {0.000)
South Africa LETEEee 03005 007430 033450 0053 DOIISRs  O00gee
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Spain 02804 0003EF 00LEee D.A0§3 0566 DOFTE* Q0003
{0.001) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
8ri Lomka DA13G 00M4EF D0M4Re D.0403 %% .00D5%e DOIOI*R Q0000
{0.000) {0.000) {0.000) [0.073) {0.000) {0.000) {0.000)
Swedsn 03553 QQOTTHR Q0204 .0012%e D054 DOLID*** 0005
{0.000) (0.000) {0.000) {0.001) {0.000) {0.000) {0.000)
Switzarland 05308 00001 D.0003"+= 005D D.O0T3* DODET*R Q0001+
{0.000) (0.000) [0.000) {0.000) {0.000) {0.000) {0.000)
Thailand T e ) 2.0013 DOEID D.1027%% DOSTI* QODITe
{0.000) {0.000) (.12 {0.000) {0.000) {0.000) {0.000)
Tuskey 03453 00104eee 00005 DOL5E DALTE DOLIE*** Q0001+
{0.000) (0.000) (0.00%) {0.000) {0.000) {0.000) {0.000)
Ulited States 041574 00120%+  D00MSe 0008 D013 DOL33*+ Q0003+
{0.000) (0.000) {0.000) £0.000) £0.000) £0.000) £0.000)

Motes: Elasticity estiniates bazed on ARDL model with robust standard emors, pvziues i parsnthesis: *** denotes 13¢ level of :ignificance, =* 5%, and * 1006



Table B.2
Elasticity of crude import demand to oil supply shock (by country)

Model 2
Dependent variable: A(PETRO IMP DD)
Short Fan Equation
A[OIL 53 AOIL 33 AOIL 33 A[DIL 55
Country AfOIL 5% EHOCE) SHOCE) SHOCE) SHOCE)
COINTEQDL  3HOCE) -1} -2 -3 (- [BTREND
T T L VTV T N E IO ToLE = T Lo
10,0000 (0,000 £0.000) {0.000) {0.000) {0.000) {0.000)
Bangladesh 05EI0%e 00L00% 0000E*e 0221+ 0350+ DOMGI*** 00005+
{0.000) (0.000) {0,000 {0,000 {0,000 {0.000 {0.000)
Belgizm 02006%e  QIDIIe QD047 Di2T4e Dh3ETee DOLET***  0.0008%
{0.000) (1.000) {0,000 {0.000] {0.000 {0.000] {0.000)
Chile 03205 Q0041 QD4TERe 0 DOERSe DA1L*+ DOLIZ***  0.0004%
{0.001) (1.000) {0,000 {0,000 {0,000 {0,000 {0.000)
Domirican Rep. L7212 QOODSees LQD4RISes 04T 0355w D05T0*e Q00124
{0.000) (001 {0,000 {0,000 {0,000 {0,000 {0.000)
El Salvador Q1383 0250 000704 D.0408++ Di7EIee DO4OL*** 00005+
{0.007) (1.000) {0,000 {0.000 {0.000 {0.000 {0.000)
Finland 02363 0005 D05 D.00z5ee DOL15** DOMEI*es 000014
{0.000) (1.000) {0,000 {0.000 {0,000 {0.000 {0.000)
France 01003 QDOIZeee Q0041 DOL41e+ DOLE1e+ DOMET* 00001
{0.000) {0000 70,000 {0.000] {0.000 {0.000] {0.000)
Cemany D31ETE% 0001+ D.00E3ew 0054+ D.AL05*+ DODTE* 00001+
{0.000) (1.000) {0,000 {0.000 {0,000 {0.000 {0.000)
India 03320 QD0I0*e Q0015ee D.01a3=+ Da27Ee DOLI3*** 00000
{0.000) (1.000) {0,000 {0,000 {0,000 {0,000 {0.000)
Irelard DATMEer Q04T D047 D.OD40=e 0008+ pOMEI** 00001+
{0.000) {0000 {0,000 {0,000 {0.000 {0.000 {0.000)
Lerzel 03060%%  QODIZ**  0.0006% D45 0447+ DOIIE** 00001+
{0.001) (0.000) {0,000 {0,000 {0,000 {0,000 {0.000)
Inaly 052004 QO0TOMer Q0065 D.O0ET=* D.00E4=+ DOMEL*** 00000
{0.000) (0.000) [0.000) {0.000 {0,000 {0.000] {0.000)
Tapan L2067 QD013 Q0026 DOLI1=* DOL3gee DODE4** 00000
{0.000) (0.000) {0.000) {0.000] {0.000 {0.000] {0.000)
Tordar 01Z5g4er QOISR QRgee D525 0.1220%+ DOLGT*** 00007+
{0.002 (0.000) [0.000) {0.000; {0,000 {0,000 {0.000)
Eemya 03130 Q41§ 0D0DE%e 0300+ Dh3ETee DOLEE*** 00008+
{0.001) (0.000) £0.000) {0.000 {0.000) {0.000 {0.000)
South Korez LI5E5e  00000%  QDIEZYe  0D070%e .0002%e DOLID*** 00001+
{0.002 (1.000) {0.000) {0,000 {0,000 {0,000 {0.000)
Marecza DOEEFe QOD4dTe QD21 D.OLE4e 0306+ L0030%e Q0004
{0.002 [1.000) {0,000 {0,000 {0.000 {0,000 {0.000)
Metherbands DI35E4e QDOIITee QidTdee D.0gsge 0.1103%+ DOITI* 00007+
{0.001) (2.007) 10.000) 10.000) {0,000 {0.000 {0.000)
Pekistzn 04014 QOEGSe D405 D.009g=+ D014g=e DOZEI*es 00007+
{0.000) (1.000) {0.000) {0,000 {0,000 {0,000 {0.000)
Dhilippinss 04314 QODITHRr Q00ETee 0011% 0017 DOl4E** 000014
{0.000) (1.000) {0,000 {0,000 {0,000 {0,000 {0.000)
Partuzz] L56RE%e  Q0D5Eee 1.0084 00000+ D.002E=e L0023 QA00Le
{0.000) (0.000) (0.528) {0.000] {0,000 {0,000 {0.000)
South Africa DI QOEMT QD300 D.O0S0=+ DOL14+ DOLIS*** 00001+
{0.001) (1.000) {0,000 {0.000 {0,000 {0.000 {0.000)
Spain 14108 DODOI#** 0 0020w DOL24% DOL2Te DODIL***  .0001%
w=4 00001 (2.001) {0.000) {0.000 {0,000 {0.000 {0.000)
8ri Lamka 0EEA0*eF QDDESHT 00003 D.03EEee 0,000+ DO4O0** Q0011+
{0.000) {0.000) {0,000 {0,000 (0.000 {0,000 {0.000)
Sweden 032734 QODDSt 0D0DG%e D.OD4g=w D.O0Egee 000284 Q0001+
{0.000) (0.000) {0,000 {0.000 {0,000 {0,000 {0.000)
Switzarland 034264 QODSIe 0.0004% p.Om2see DOLGE"+ DOLIE*** 00001+
{0.000) (0.000) {0.000) {0,000 {0,000 {0,000 {0.000)
Thailand 01805 QD0IZeee Q005D DOL14*+ 0055 pOmEE** 00001
{0.001) {0.000) [0.000) {0,000 {0,000 {0.000] {0.000)
Turkey L1281 QODSER Q006D 0093+ D.OLEE*+ DOLID*** 00001+
{0.000) (0.000) {0.000) {0.000 {0.000 {0,000 {0.000)
Uited States 025434e QODI0M* Q0034 0091+ D.00E1*+ pOD2E** 00001+
£0.000) (1.000) [0.000) {0,000 {0,000 {0,000 {0.000)

Motes: Elasticity estinates bazed on ARTL model with robust stamdard emors, p-vaiues in parsnthesiz; *** dengtes 1% level of significance, == 5%, and * 1006



Table B.3
Elasticity of crude import demand to oil supply shock (by country)
Model 3
Dependent variable: A(OIL IMP DD)
Short Fam Equation
A(DIL 55 A(DIL 55 A(DIL 55 AfOIL 33
Comnry AJOIL 55 SHOCE) SHOCK) SHOCK) SHOCK)
COMTEQL]  SHOCK) -1} [54] -3 (- BTEEND
Anstria RUEEET AR -0.00ETEE S0L00LTe=* 0.0210++ 0.0330%%+ 001654+ 0.0003%%+
{0.000) (0.000) {0.001) {0.000) 0.000) 0.000) 0.000)
Bangladesh 053474 001504 00143 += 0.0193%%+ 0.04804++ 0.0183%%+ 000054+
{0,000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
Belgium R TE A -0.0357+* 00355+ 0.0397*+* 0. 1066+ 0.0558+++ 0.0010+++
{0000 (0.000) (0,000 {0,000 {0,000 {0,000 {0,000
Chile SQ3TLTe 005044 -01140%= 00341+ 0.0307%%+ Q.03 154+ 000064+
{0,000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
Domirican Fep. 0330 0,007 004 10%=* Q0218 0.0792** 01015 0.0008**
{0,000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
El Zalvador -02TH1++* -0L0G AR 0.00G5%*= 0.06354++ 0.08G6%+ 0.03534+ 000064+
{0,000y {0.000) {0,001 {0,000 {0,000 {0.00 {0.00
Finland S kA 00019 -0LONRE =+ 0.0290%++ 0.05584+ 003564+ 000064+
{0000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
France 03T 0000 0010 =+ 001864+ 0.0401#%+ 0.0195%%+ 0000444+
{0,000y {0.000) {0.000) {0,000 {0.000) {0.000) {0,000
Germany 03354 00055 -0L0010w=* 0.00204%%+ 0.0400 %4+ 0.024 04+ 0000444+
[0.000) (0000 0,000 {0,000 {0,000 {0.000) {0,000
India 043154 -005E0e -0LORGTe=* 000284+ 0.0D1T*+= 0.054444+ 0.0015*++
{0.000) {0.000) {0.000) {0.01D) {0,000 {0.000) {0.000)
Ireland QL 45] 50 001104+ 00073 ee 0.00404 4+ 0017444+ 0.0160 0.0003%++
{0,000 (0000 (0,000 {0,000 {0,000 {0,000 {0,000
Tarael 0231054 IR E A -0LDN =+ 0.0441%4+ 0.088]**+ 0.045444+ 0000444+
{0.000) (0.000) {0.000) {0,000 {0,000 {0.000) {0.000)
Traly 043534+ -000TEe 000G 0.0190%++ 0.0400%++ 002264+ 0000444+
{0,000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
Japan -0 20604+ BRI ki 00T .03 164+ 0.045044+ 0035544+ 000254+
{0,000 (0000 (0,000 {0,000 {0,000 {0,000 {0,000
Jordan 05269+ -0.0114%4* 00503 +=* 0. 164244+ 0. 26954+ 0. 17564+ Q0017+
{0.035) (00013 {0,000 {0,000 {0,000 {0,000 {0,000
Eenya 0TI 0040 e 00750 00151+ 00063+ 0.023 04+ 0.0016*++
{0,000 (0000 (0,000 {0,000 {0.002) {0,000 {0,000
South Korea 0143054 EIRIE] St -0L0G10e=* 00014 0.08304++ 007304 0.0016*++
{0,000 (0000 (0,000 {0,129 {0,000 {0,000 {0,000
Marecco -02455 4 -0.0G43%4* -0.0045%+ 01071+ 0.129F*++ DOEGT**+ 0.0012%++
{0000 (0000 {00l {0,000 {0,000 {0,000 {0,000
HNetherlands DL 1pgEe 00051+ 0.0318= 0. 125044+ 0. 180G 007664+ 0.0011*++
{0000 (0.005) (0,000 {0,000 {0,000 {0,000 {0,000
Pakistan 030G 0056 -0L0810%=* 00128+ 0.023]%+++ 003964+ 0.0014+++
{0000 (0000 (0,000 {0,000 {0,000 {0,000 {0,000
Philippines 0523+ 001254 BT N 00118+ 0.03504 0037244+ 000054+
{0,000 (0000 (0,000 {0,000 {0,000 {0.000) {0,000
Partogzl RHERE ) A -0.0313w -0L00BE*=" Q0275 00754+ 0.0335"* 0.0005%*=
{0,000 (0000 {0,000 {0,000 {0,000 {0,000 {0,000
South Africa (140458 007G -0U10G0e= S0L02R4E 002264+ 0035544+ 0.0011*++
{0,000 {0.000) {0,000 {0,000 {0,000 {0.00 {0.00
Spain 036644 001154+ -0LDN =+ 0034544+ 00660+ 0.0390 0.0005%++
{0,000 (0000 (0,000 {0,000 {0,000 {0,000 {0,000
5ri Lanka 046234 -0.0155%4* 00T 0.0804%4= 0.10072*++ 006554+ 00007+
{0.000) {0.000) {0.000) {0.000) {0,000 {0.000) {0.000)
Sweden 045054 D002+ -0L00G4 +=* 00003+ 0.029]*+= 0.007 0+ 0.0005%++
{0,000 (0000 {0,000 {011 {0,000 {0,000 {0,000
Switzerland D3RR %= 00033 0005 G*=* 0.003 44+ 0.0197%%= 0.01500 4+ 00002+
{0,000 {0.000) (0,000 {0,000 {0,000 {0,000 {0.000)
Thailand 014500 %= 00105 -0.0003 0.0704%4= 0.007]*++ 0.06034%+ 000164+
{0,000 (0000 {0.737 {0,000 {0,000 {0,000 {0,000
Turkey 036644 00105 0007 e 0.0230144+ 0.0320%4 003574+ 0000444+
{0.000) (0.000) {0,000 {0,000 {2,000 {2.000) {0,000
United States -03ETT 001495 -0U00gQe=s 00270+ 0.0373%%= 0.0140 4+ 0000444+
{0,000 {0000 (0,000 {0,000 {0,000 {0,000 {0,000
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Motes: Elasticify estinnatas bazed on ARTL model with robust standard emors. puzlue: in parenthesiz: *** dangtes 1% leved of iznificance, = 5%, and * 1006



Table B.4
Elasticity of crude import demand to aggregate demand shock (by country)
Model 4
Dependent variable: A(CRUDE IMP DD)
Short Fun Equation
ATAGGDD AfAGETD ACAGETD AFAGEDD
Country A[AGGDD SHOCE) SHOCE) SHOCK) SHOCK)
COMNTEQLL  3HOCE) (-1} -1y (-3} (-4 ETREND
Austria B E L -0.0121%+* 0.0115%%= 103545+ [ EERLS 00045 Q.00+
0.000) (0.000) 0.000) 0.000) (0.000) 0.000) 0.000)
Bangladesh 04375 D.0DGE*+=+ 00321 **= QL0295+ 0.0220++ 0.0122%%= Q.05+
{0,000 {.000) {0,000 {000 {3,000 {0,000 {000
Belgivm 02040 0042w 0.0B01=*= Q07T+ Q0390+ S0 04T 00005+
{0.000) {0,000 (0,000 {0,000 {0.000) {0,000 {0,000
Chile 0475w 0.0297%=* 0.1604%%= 02795+ 02007+ 0.0Ea3*e= 00004+
{0,001 {0,000 (0,000 {0,000 {0.000) {0,000 {0,000
Dipminican Fep. S0FTRE e 00226+ 0.1434%%= 01533+ 0.1518%++ O.0B3I0**= 0,000+
{0.000) (0.000) {0.000) {0.000) (5.000) {0.000) {0.000)
El Balvador -0 2130w D0415%=* 0.1570** 0.1497%%= 0.0623%++ 00707 0,000+
{0.000) {0,000 (0,000 {0,000 {0.000) {0,000 {0,000
Finland -02ET= S0 0254weE 00045 00164+ 0.0077+++ RN b 00004+
{0.000) (2,001 (0,000 {0,000 {0,000 {0,000 {0,000
France 042 T 00104 00380 0.0692*++ Q0351+ 0.0121%%= Q00T+
{0.000) (0.000) {0.000) {0.000) (0.000) {0.000) {0.000)
Gemany -02010%= 001415+ 0.0420#%= 00515+ 00227+ S0 e Q.00+
{0.000) (0,000 (0,000 {0,000 {0.000) {0,000 {0,000
India 02T -0 1524w BT kb Q076G+ 0.0033 000012 00010+
{0.000) (0,000 {0,000 {0,000 {0.138) {0.380) {0,000
Irzland -0FGRI = 00105 0.003g**= 0.0L00**+ 0.003 4%+ 0005w 00001+
{0.000) (0,000 {0,000 {0,000 {0.000) {0,000 {0,000
Tarael S0LLETL e Bk i 0.0540=%= 013045+ 0L0GEL*= 0.04ag%= 00003+
{0.000) {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Tnaly -0 25 G2 00203+ 0.0541%%= 0.0303 %+ QOLTT** 00260 00004+
{0.000) (0,000 (0,000 {0,000 {0.000) {0,000 {0,000
Tapen DI04 Q4IE DO3ITR 00870 0.0§81%% 00T45% 00003
{0.000) {0,000 (0,000 {0,000 {0.000) {0,000 {0,000
Jordan 05245 D0247%=* 0.7333%%= 1.2283%%* 1.0397%%= 0.3BB5** 00013+
{0.000) (0.004) (0,000 {0,000 {0,000 {0,000 {0,000
Eenya -DLE4 B4 e Q0155+ 0.1415%%= 0.2142%%* 005485+ 00341 %= 0,000+
{0.000) {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
South Horea DI 011w 01263 0.0012%% DD815%* D03 Q000Eee
{0.000) (0,000 (0.36T) {0,000 {0,000 {0,000 {0,000
Morocco 0320w 00502 0.0GT77**= QOEGL*** 0402w S0 LLGTee 00005+
{0.000) {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Metherlands -0 14G0w=s 00200 0.05T4%%= D068+ -0 D0GE* 00853 00004+
{0,000 (.000) {0,000 {0.004) {3,000 {0,000 {000
Fakistan -035R3 e -0.002awes 0.1274%%= 0.1572%++ 0. 12874+ 0.0494%%= 00004+
{0.000) (0,001 (0,000 {0,000 {0,000 {0,000 {0,000
Fhilippimes -0LELLgw=* 0005w 0 1B1g=*= 0.3381*++ 02008+ 015704+ Q.00+
{0,001 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Portogzl 0L 1G40w= . D40gees 0.0263%%= 00457+ Q0198+ -0 0058w 00004+
0.000) (0.000) 0.000) {0.000) (5.000) {0.002) {0.000)
South Africa BT B 00302 +=* 00416+ QL0257+ 0.0334%%= Q0008+
{0.000) (0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Spain RN T A B 0.O12T** 00020 00321+ 00702 00003+
{0,001 {0,000 (0015 {0,000 {0,000 {0,000 {0,000
5ri Lanka SOLEL 19w 0.0425%=* 0.1725%%= 0.2004%%= 0. 2633+ O.13174%= Q.00+
{0.000) (0.000) {0.000) {0.000) (0.000) 0.000) {0.000)
Sweden 0341w S0 050Ewe* 0.0172%%= 0.0402 %+ 0.02153%+= 00400 00003+
{0.000) {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Switzerland 04245 00002 =+ 0.00g3=e= 0,027+ 0.0220%*= 00261 %%=* 00001+
{0.000) (0.008) (0,000 {0,000 {0,000 {0,000 {0,000
Thailand S0FE4T 0032w 0.235%%= Q3ROT*= 02337+ 0.03384%= 00017+
{0.000) {0,000 {0,000 {0,000 {0.000) {0,000 {0,000
Turkey RIS Sk 0.0238%=* QLOB1E=*= Q.OT5E**= 0027+ 0022w 00001+
{0.000) {0,000 {0,000 {0,000 {0,000 {0,000 {0,000
TUhnited States -0 2552 003G 005265 Q0545+ 003285 0.0148%%= Q.00+
{0.000) {0.000) (0,000 {0,000 {0.000) {0,000 {0,000
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Motes: Elasticity estiniates bazed on ARTL model with robust standard errors

. pzlues in parsnthesis: *** damotes 1% level of aiznificance, ** 555, and * 100



Table B.5
Elasticity of crude import demand to aggregate demand shock (by country)
Model 5
Dependent variable: A(PETRO IMP DD)
Short Fan Equation
AAGGDD  AJAGGDD AfAGG DD A{AGG DD
Country AJAGE DD SHOCE) SHOCE) SHOCE) SHOCE)
COMTEQNL  3HOCE) -1y -2 -3y (-4 [BTFEND
Anstria 02470 -0.010G%** 0.0280=*= Q029+ 0023 6%+ Q01T+ 0.0002*+*
(0.000) (0.000) 0.000) 000) 0.000) 0.000) 0.000)
Banglagesh Q340N D0 QDlsEee Sgeee 0.0095%%+ Q0086+ Q0003
{0.000) (0,000 (0,00 {0,000 {0,000 {0.000) {0.000)
Balzivm 0L 1427w -0.0G0G%+* 0.00G5=*= 10543+ QL0 3 e Q.01E2**+ 0.0003**=
{0.000) (0,000 {0,000 {0,000 {0037 {0.000) {0,000
Chile S022RIw= -0.05E3 0.0312%%= 005378+ 0.0003%+= Q.00F1*** Q0004+
{0.000) {5.000) {0,000 {0,000 {0.441) {0.000) {0,000
Dominican Fep. 073G -0.0128%** Q0BT3=*= 01756+ 0. 124 5%+ Q0395+ Q0013+
{0.000) (0,000 {0,000 {0,000 {0,000 {0,000 {0,000
El Salvadar U278 -DOSEES QD2SEY Q0127w 00232+ 0.0025%%  0.0002%%
{0.45T) (0,000 {0,000 {0.000) {0,000 {0,000 {0.000
Finland -02303 =+ -0.0220%+* 0153w Q.00TE*= -1 0015w 0.0001***
(0.002 (0.001) {0.000) {0.000) {0.000) {0.000) {0.000)
France SDLTRge= -0.0120%+* 0.0077=*= Q0118+ QL004E=*= BN ) Rk Q0007+
{0.000) (0,000 {0,000 {0,000 {0,000 {0.000) {0,000
Germany DITE 0D0GESHe QD00E*N*  0.010E%e 0.0097%%+ 00073%% 00001
{0.001) (0,000 {0,000 {0,000 {0,000 {0.000) {0.000)
India 02040 BN IEE it -0.001Ew= 00365+ 00431+ 00303+ 0.0000**
{0.000) (0,000 {0,000 {0,000 {0,000 {0,000 {0.000
Ireland SFE] Qe -0.0210%** 0.0034=*= Q0211+ 0007w BN R 0.0002*++
{0,000y {3.000) {0,000 {0,000 {0,000 {0,000 {0,000
Izrael -0BETS= 00182 *+=+ 0.0506%*= S0 DILEw S0 423 e 00701 0.0001***
{0.000) (0,000 {0,000 {0.000) {0,000 {0.000) {0,000
Tialy QA4 QOL4I QDOOTH  .008Ee 0.0036%% 0.0003%%  0.0004°%
{0.000) (0,000 {0,000 {0,000 {0,000 {0,000 {0.000
Japan -0 L 12gw= -0.0024%ee QOL3g=*= QL0206+ 0.00G2*+= Q.00+ 0.0003**=
{0.003) (0.000) {0.000) {0.000) 0.000) {0.001) {0.000)
Jordan 0.02250=*= D.0457+=+ 0.1524%*= QL0B0F**= -0L1G5] -0 3G9 0.0004*+=
0.33%) [0.004) {0,000 {0,000 {0,000 {0,000 {0,000
Eerya DTS DOEIE QORISR 002TEee 043w D018 QO00E%w
{0,002 (0,000 {0,000 {0,000 {0,000 {0,000 {0,000
Zouth Eorea 014G BN IE it B R 0L L S0L0110w= 005G 0.0001***
{0.004) (0,000 {0,000 {0.000) {0,000 {0.000) {0.000
Marocco 0.00511+*+ -0.0320%+* 0.0571=*= 0.0735%++ -0LD020w= QOLT4>*= 0.0003***
{0.447) {.000) {0,000 {0,000 {017 {0.000) {0,000
HNetherlands 0145 w= -0.0512%* 0.1073%%= QOG5+ QLOLEg*= -0, 1027w 0.0005*+*
{0.139) (0,000 {0,000 {0,004 {0,000 {0,000 {0.000)
Pakistan 0305 00T QIDESS 01022 0.1083%++ QLI QD007
{0.000) [0.001) {0,000 {0,000 {0,000 {0.000) {0,000
Philippines 02370 0000 *+=+ 0.0633%%= 00832 *++ QL0557+ Q0211+ 0.0002*++
{0.001) (0.002) {0.000) (0.000) {0.000) {0.000) {0.000)
Partogzl 04003 e 0.0133%=+ Q.0354=*= 00358+ 0.003 6%+ -0 0312w 0.0001***
{0.001) (0,000 {0,000 {0.000) {0,000 {0,000 {0.000
South Afiica Q1383 O[3EEN  D0L4GSe Q0071w 0365w 00043%%  0.000L*
{0.001) {0,000 {0,000 {0,000 {0,000 {0,000 {0.000)
Spain SQIFEATee D.O1LT=+ 0.0418=*= 00441+ Q01465+ 0002w 0.0002*++
{0.001) (0,000 {0,000 {0.000) {0,000 {0,000 {0.000)
ri Lamka 04377 -0.005aees 0.1338== 0. 1288+ 0L0304%+= -0 1127w 0.0008**=
{0,000 {.000) {0,000 {0,000 {0,000 {0.000) {0,000
Eweden -02333 %= -0.00G0** 0.0143%%= 0.0295%++ L0052+ 0.0031*++ 0.0001***
{0.000) (0,000 {0,000 (2.000) {0,000 {0,000 {0.000
Switzerind DI2B0% DD0E2S QDS 0DITEee 0.0305% Q0018+ Q0001+
{0.000) (0,008 {0,000 {0.000) {0,000 {0.000) {0.000)
Thailand BN A 00004 +=+ QLO148=*= 0.042 5%+ 00308+ Q0112+ 0.0000++
(0.000) (0.007) {0.000) {0.000) 0.000) {0.000) {0.000)
Turkey -0LL0GEw= D.0052+=+ Q004E=*= 0.002 T+ BN ED Ry 002G 0.0001***
{0,002 (0,000 {0,000 {0,000 {0,000 {0,000 {0.000)
United States DLSE0% QO3 QDIOTUN  Q0l4dve 0.0123%% 00054%% 00000
{0.000) {0,000 {0.0000 {0.000) {0,000 {0.000) {0.000)
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. pvzlues in parenthesis:

*** Jenptes 13¢ level of siznificance, =* 5%, and * 100
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Table B.6
Elasticity of crude import demand to aggregate demand shock (by country)
Model 6
Dependent variable: A(OIL IMP DD)
Short Fan Equation
AAGGDD  A(AGGDD  AAGGDD  AJAGGDD
Country AJAGE DD SHOCE) SHOCE) SHOCED) SHOCE)
COINTEQLL  3HOCE) -1} -2 -3 - [BTEEND
At T 11 L 1 L ey 0047 DA Lomiee
0.000) (0.000) 0.000) 0.000) 0.000) 0.000) 0.000)
Bangladesh 054145 U] Al DR 0. 1270+ 004475+ 0.0081*+* 00004+
{0.000) (0.001) {0.000) {0.000) {0.000) {0.000) {0.000)
Balgizm -023054= -00BF T 0. 1115%*= 0. 1412+ 0.04502%%+ 002 G0+ Q000G+
{0,000 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Chile Q3062 0OL3  OIEIERe D3040 0155+ 00640%% 00007+
{0,001 {0,000 {0,000 {0,000 {0,000 {0,000 {0,000
Dominican Fep. S0L53RL e [.0F3TH** 0. 2B02=*= D 4086+ Q.20GE=*= Q13145+ 00010+
{0,000 (0.000) {0,000 (.00 {0,000 {0.000) {0,000
El Zalvador S0L1TEe S001 T4 0.1475== 0. 1454%+= Q03465+ -0 050E Q.00+
{0,001 (0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Finland - 2547w S0025awe Q.0108=*= 0.0425%+= 0.0003 01T 00004+
{0,001 {0,000 (0,000 {0,000 {0.741) {0.000) {0,000
France 02741 0.0003 0.0645=*= DL0B2 G+ 00470+ 0.0010%++ 00003+
{0,001 (0.155) (0,000 {0,000 {0,000 {0,020 {0,000
Gennany D25+ QDIEEH 00305 QOTTEve 0.0430%%* D0030%*  Q0001%%
{0,001 (0,000 (0,000 {0,000 {0,000 {0,000 {0,000
India S032T4 e -0.1700%** BRI A 012174+ Q00+ QOE1L*= 00003+
{0.001 (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Ireland 03474 0002w 0.0305%*= 00552+ 00273+ 0014w Q.00+
{0,001 (0,003 (0,000 (0. {0,000 {0,000 {0,000
Lerzel Q11§ QS 021 01351 0.0636%+ QOIEI**  00003%*
(0,002 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Tnaly -0F01Ee= Q01174+ QOB 5=*= D0B15*+= 00280+ -0 0250w 00004+
{0,000 {.000) {0,000 {0,000 {000 {0.000) {0,000
Japan 020 h4 %= 00200 0.0630=+= 0133 4%+ L QLORQT**= 00004+
{0,001 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Jordan -DL4GRT = 0.0008 06616+ 11265+ 0.8274%++ 0. 1220+ 00003+
{0,001 (0.917 {0,000 {0.000) {0,000 {0.004) {0,000
Eemyva -0LES 0w+ 0017w 0.0318=*= 0. 1475%+= -0 03T 0047w Q.00+
{0,000 (0,001 (0,000 {0,000 {0,000 {0,000 {0,000
South Eorea Q3T QIS0 148V 0.0064 BYTEI DLITE QD011
{0,001 (0,000 {0,000 {0,101 {0,000 {0,000 {0,000
Marocco S0 100 S00T0EwE 0.14G4=+= 0. 12374+ -0 0BET -0 13Gawe 0.0006+*
{0.008) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
HNetherlands 00531 SQTITeE 0.2172%%= 0. 1683+ 0.0082* 0194 ] %= Q000G+
{0014 (0,000 (0,000 {0,000 {0,088 {0,000 {0,000
Pakistan Q4TI DD4ES 00036 013520 0.0850%+ 0.0508%%  0.0004%%
{0,000 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Philippines - 5E3Ewee 003974+ 0.2B353%%= D4176%+= 0.338+++ 0. 1670+ 0,000+
{0,000 {.000) {0,000 {0,000 {0,000 {0,000 {0,000
Partugzl 02031 00213 D.075G=*= 010G 7+ 00136+ 0044 T 00005+
{0,003 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
South Africa 04120 -0 1054%e= B EE A D03T75%+= 0L O2ET 00241+ Q000G+
{0,001 {0,000 {0,000 {0,000 {0,000 {0,000 {0,000
Spain 0247 000G D.05G7=*= 0.04G2%+= 0003w BN 00004+
{0,001 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Sri Lamka DAMET QDB DIl4geee 041080 0.2433%% Q02U QD000
{0,000 (0,000 (0,000 {0,000 {0,000 {0.002) {0,000
Eweden S02TRG e -0.0335%** 0.05G0=*= DL0EGg=*= 0.0423%%= -0 033 g% 00005+
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Ewitzerland 0530w 000024+ 0.0003%*= D005+ 0.0073*++ Q0057+ Q.00+
{0,000 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Thziland DIGETH DTS DI 043520 0.2861%% 0.0820%% Q0017+
{0,000 {0,000 (0,000 {0,000 {0,000 {0,000 {0,000
Turkey 0200w -0.0104%e= 0.0005%*= L QLT+ Q011+ 00015+
{0,001 (0,000 (0,000 {0,000 {0.002) {0,000 {0,000
TUnited States 041 T 004174+ QLOBIR=*= QL0601 *+= 000w BN 00004+
{0,001 {0000 (0,000 {0,000 {0,000 {0.000) {0,000

Motes: Elasticiry estinates bazed on ARTL model with robust standard emors

. pevzliues i parsnthesis:

*** denptes 1% level of ignificance, == 3%, and * 103



Table B.7
Elasticity of crude import demand to precautionary demand shock (by country)
Model 7
Dependent variable: A(CRUDE IMP DD)
Short Fam Equation
APRECDD  APEECDD AFREC DD A@REC DD
Country APREC DD SHOCE) SHOCE) SHOCE) SHOCE)
COMTEQL]  3HOCE) -1} -2 -3 (- [BTREND
Anstria -02GB1*=* -0 00E2 e 0.0212%%= 0.012G%** 0.0008**+ R RS 0.0001**+
0.000) (0.000) 0.00 0.000) 0.000) 0.000) 0.000)
Bangladesh B 0020 QL0104 *=* S0L0ETeE S0 544 00129 0.0000**+
(0,000 {0.000) (0,00 {0,000 {0.000) {0.000)
Balgium S03IITeE 0.0007* 01140 %= 00041+ 00437 0.0005%*+
{0,000 (0.058) (0,000 {0.000) {0,000 {0,000 {0,000
Chile 0204w 0.0003 005535 003384 0.015g*+ 0.0031%%* 0.0001**+
{0,000 (0,100 (0,00 {0.000) {0,000 {0,000 {0,000
Dominican Fep. 02074 -0.00EE Q00T *=* S0DLTE -0 00GE = 00001+ 00001+
{0,000 {0,000 (0,00 {0.000) {0,000 {0,000 {0,000
El Zalvador Q282G 4= 0024554 QLO41T7%=" -0 0BG 01002 %=+ S0 011w 00001+
{0,000 {0,000 (0,00 {0.000) {0,000 {0,000 {0,000
Finland 02600 %= D.011g+*+ 0.0683%%= 003354+ 0.00G0*+ 00035 0.0003%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
France -03g50w= NN C bl Q0158 = BT A 0153w 0021 0.00024+=
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Gemany 025154 -0.0135%4* 00240 %= 00035 -0 010E 002 Tgee 0.0002%*+
{0,000 (0,000 (0,000 {0.000) {0,000 {0,000 {0,000
India 033450 00T+ 007455 0.0252%%+ 0.0035%++ 00347 0.0012**+
{0,000 (0,000 (0,000 {0.000) {0,007 {0,000 {0,000
Irzland -030BG#= -0.0135%4* 0.0fgges= Q.002T**+ 000204+ S0DLLTee 0.0001**+
{0,000 (0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Tzrael 02032 -0.0133%4= 00468 0.0051**+ 0.007 0+ 00261+ 0.0002%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Tnaly BTN i 001G 0.0382%%= -0 DI02 -0DTE 00447 0.0003%*+
{0.000) {0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Japan 02350 00107 0.0476%%= QL0325 (L0225 0025w 0.0003%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Jordan 026514 Q2077+ 03770+ 015704+ 0.0583*++ 0L LETe 0.0002%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Eemyva S0UTOR R -0 10834 SLOE14= S0 11T S0 13E2%e 01105 0.0001**+
(0,000 {0.000) (0,000 {2.000) {0.000) {0.000) {2.000)
Bouth Eorea 043 (g -0.0ELaee* 004144+ 0.0035*= 004244 0011w 0.0012**+
{0,000 {0,000 {0014 {0.000) {0,000 {0,000 {0,000
Marocco 033544 00523+ 0.1421%%= QL0364+ 0007 -0 L0RL = 0.0005%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
MNetherlands S020ETE= 00257+ 0.1137%%= Q.OLTTHe+ S0L02ggees -0 0G3gw 0.0004%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Pakistan S02TRG 003134 0.0434%%= 00061+ 0.0020++ 00312+ 0.0003%*+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Philippines B 000424 0.10013%*= 003624+ 0.0028*++ -0.034] %= 0.0000**+
{0,000 (0,001 (0,000 {0.000) {0,000 {0,000 {0,000
Partogal -2 42w D021 Ge= Q.00G7== 005084+ 0.023]++= BRI Q00044+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
South Africa -0L50EEee -0 0G3aee 0.0372%%= 0.02T1*++ 0.05G5%++ 00000 0.000g**+
{0,000 {0,000 (0,000 {0.000) {0,000 s {0,000
Spain 0.0156%*= D.081g+*+ 00204 0.0122%%+ S0L02ggees 0.0003 %% 0.0003%*+
{0,000 {0.000) {0,000 {0.000) {0,000 {0,000 {0.000)
5ri Lanka 0305 DO0sge=+ 0.0604%%= 00204 S0D1FTHE -0 0361w 0.0000**+
{0,000 (0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Eweden BIEAEE A 005134 0.00Z2%%= -00330ees 02T 00545 0.0004%*+
{0,000 (0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Ewitzerland SQFEETE 003514 -0DLT2ve -0 DLGE3 001154 00030 0.0001**+
{0,000 {0.000) {0.000) {0.000) {0.000) {0.000) {0.000)
Thailand -0L40pT e -0 070Ew** 00430 S0L02 T4 -0 0G5 -0 1141%=* 0.0015**+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
Turkey 040G -0.0140% 4= 0.011g=%= D.ODGE**+ -0L0234 % -0.0320%=* 0.0000**+
{0,000 {0,000 (0,000 {0.000) {0,000 {0,000 {0,000
TUnited States 03307 004014 000445 00242 003 ETH* 00413 0.0003%*+
{0,000 {0,000 (0,000 {0.000) {1,000 {0,000 {0,000
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Table B.8
Elasticity of crude import demand to precautionary demand shock (by country)
Model 8
Dependent variable: A(PETRO IMP DD)
Short Bun Equation
APFECDD  ARECDD  APRECDD  APRECDD
Country APREC DD SHOCK) SHOCE) SHOCE) SHOCE)

COMTEQN  SHOCE) (-1} -2y (-3 -4 [BTEEND

Austria RS D003 3+*+ 0.0206%%= 0000+ RN e 001124+ 0.0002+%=*
0.000) (0.000) 0.000) 0.000) 0.000) 0.000) 10.000)

Bangladssh Do QOISO DOELIN QD374 0.0075%% D018 0.0004%%
{0.000) {3,000 {0.000) {0,000 {0,000 {0.000) {3,000

Balgivm -0 2234 (L0051 +*+ 0.0608*%= QLOLQG**= 00003+ 00157 0.00044%=
{0.001) (0.000) {0.000) {0.000) {0.061) {0.000) {0.000)

Chile 034004 -0.0330%4* 0.0075%%= S0 D0EL*E* 0000w 003514 0.00044%=
{0,001 (0.000) {0,000 {0.000) {0.000) {0,000 {0.000)

Domiricar Fap. Q701 BOSTTR D147 Q0303 0.0362%% D016+ 0.0012%%
{0,000 (0.000) {0,000 {0.000) {0,000 {0,000 {0.000)

El Salvador 00147 DOM4I¥*  0L00E*  0.0361% 0.0183%% DDI8I%*  0.0003%%
{0.483) (0.000) {0.000) {0.000) (0.000) {0.000) {0.000)

Finland -0 26214 DLO120+*+ 0.0224%%= LO0T4+%* 0.0015%%* 001134 0.0001*%=
{0.001) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

France -0 1G60%=* DLO120+*+ 0.0224%%= LO0T4+%* 0.0015%%* 001134 0.0001*%=
{0,000 (0.000) {0,000 {0.000) {0,000 {0,000 {0,000

Germany 02808 QOI0I  OQd4Eeee QDlEIe 0.0050%% 000074 0.0001%%
{0,000 (0.000) {0,000 {0.000) {0,000 {0,000 {0.000)

Ingia Q2705 QOIS DOITEees QD123 0.0124%% 000535 0.0000%%
{0.001) (0.000) 0.000) {0.000) (0.000) {0.000) {0.000)

Irzland 040474 D.029g4w=+ 0.0538%%= Q022 T4+ 0.0095%%* S0 0GTeE 0.00024%=*
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

Tzrael -D2TTIHE DL0143%=+ 0.0438=%= QLOLGL**=* 0.0085**+* 0017 0.0003%%=
{0,002 (0.000) {0,000 {0,000 {0,000 {0,000 {0,000

Tialy D704 Q0193 OQII0M QDl4dve 0.0092%% 00037+ 0.0000%*
{0,001 (0.000) {0,000 {0,000 {0,000 {0,000 {0.000)

Japan -0 1G45%=* (L0102 **+ QLOLTE=*= MLOLLE*** 0.0038*%* S04 %= 0.0001*%=
{0.001) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

Jordan -0 1GTE= D218+ 0.2B15%%= OL21564* 007334 S0 E14%E* 0.0006%**
(0.002 (0.000) (0.000) {0.000) 0.000) {0.000) {0.000)

Eemva 027404 D027 4w=+ 0.0701#%= QL02GE**= 0104w 001G 0.000T+*=*
{0,001 (0.000) {0,000 {0.000) {0.000) {0,000 {0.000)

South Eorea DI8IE  0ODEI  OQITEvee QDLaI%e 0.0165%% D0033%  0.0002%%
{0,007 {3,000 {0,000 {0,000 {0,000 {0.000) {3,000

Marocco -03gEees -0.00GG* 0.05G8%%= QLOLOE**= -0 Gaw S0 0FTHE 0.0006%**
{0.003) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

Pakistan -0 A4TRL*=* (037 I+++ 0LOB3T=*= QLOLGT**= 0.0008**= 003274 0.0006%**
{0,000 (0.000) {0,000 {0,000 {0,021 {0,000 {0.000)

Philippines 02000%*  -QDEEEe  00252%% -D033Ee 00277 0082 0.0003%
{0,000 (0.000) {0,000 {0.000) {0.000) {0,000 {0.000)

Partug:] DETIO%  QOII  DQITEvee Q0I5 0.0094%% DOIIF*  00001%
{0,000 {3,000 {0.000) {0,000 (.00 {0.000) {0,000

Sowth Africa D155 00117 00055 %= DLOLEE**= 0.0023%%=* 001074 L0005 %=
{0.001) (0.000) {0.000) {0.000) (0.000) {0.000) {0.000)

Spain -033284=* DLODGT+*+ 0.0208%%= 000234 -0 D3R 00157 0.0003%%=
{0,001 (0.000) {0,000 {0,000 {0,000 {0,000 {0.000)

Sri Lanka 05456 Q000 00T60%*  0.0400% 00043+ 00861+ 0.0008%
{0,000 (0.000) {0,000 {0.000) {0.000) {0,000 {0.000)

Swedsn L3N DO0SEN  DOL4TeRS QD02E%H 00086+ D005EF  0.0001%%
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

Ewitzerland -0 300E%=* DO11g+=+* 0.0275%%= QLOLGT**= 0,009 %= -0 0agee 0.0001*%=
{0.000) (0.000) {0.000) {0.000) {0.000) {0.000) {0.000)

Thailand 0. 1G4 DL0340=+ 0.0236%+* LO0GT*** QL0120 %= 0.0 e 0.0000*=*
{0,001 (0.000) {0,000 {0,000 {0,000 {0,000 {0,000

Turkey QLo QOIGEY  OQITEY Q009E%e 00034+ D003T 0.0002%%
{0,000 (0.000) {0,000 {0,000 {0,000 {0,000 {0.000)

United States Q20645 D00 DO0EISR  Q.D00I%H 00030+ D054 0.0000%%
{0.001) (0.000) {0.000) {0.000) (0.000) (0.000) {0.000)

Hotes: Elasticity estimates bazed on ARDL model with robust standard ermars

. pevalues i paremthesiz: *** danptes 13 level of sipnificance, == 3%, and * 103
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Table B.9
Elasticity of crude import demand to precautionary demand shock (by country)
Model 9
Dependent variable: A(OIL IMP DD)
Short Faum Equation
AFFECOD  AFRECID A[FREC DD AFRECTD
Country APREC DD SHOCK) SHOCE) SHOCE) SHOCE)

COMTEQLL  SHOCK) -1y -7 -3 () ETREND

Anstria 02808 00002+ 004354 Q.OL52**= 0.0015%%* QL0203 4+ 0.0003%%=*
(0.153) (0.000) 10.000) (0.000) £0.000) 0.000) 0.000)

Bangladesh 044G 000G 0.037)=%= Q.0305=%= S0 a4 #Ee 003234 00004 %=
{0,000 (0.000) {0.000) {0,000 {0.000) {0.000) {0,000

Belgivm Q2T Q196 01865t 00545 0.0086%+ D0ITE 0.0008%%
{0,000 (0.000) {0.000) {0.000) {0,000 {0,000 {0,000

Chile D34E6% L0DEITeRR Q064TORR Q15T 0.0110% DM 00006%%
{0,000 {3,000 {0.000) {3,000 {3,000 {0,000 {0,000

Dominican Fep. -0 4355w IR 0. 1603%%= 0.0458%= -0.0025* B eI 0.0007***
{0.001) (0.000) {0.000) (0.000) (0.053) {0.000) (0.000)

El Zalvador 0239w 00038 0.0718=*= -001aEwes SQGETTE B Rl il 0.0006***
{0.000) (0.003) {0.000) (0.000) (0.000) {0.000) {0.000)

Finland 0240w 0.0310%=+ 0. 1026%*= 0.0578%%= Q.0L14%%= 00060+ 0.0005%**
{0,000 (0.000) {0.000) {0,000 {0.000) {0.000) {0,000

France 30185 00007+ 00362%%  0.0140%% 00030+ D076 0.0003°%
{0,000 (0.012) {0.000) {0,000 {0.000) {0,000 {0,000

Germany QITT6 0015 00528%tt 00103 0042+ D079 00003
{0,000 (0,001 {0.000) {0,000 {0.000) {0.000) {0,000

Ingia D3T60% 00501t 01020%ee  O0418%e 0.0200%%+ DWET 000130
{0.000) (0.000) {0.000) (0.000) (0.000) {0.000) (0.000)

Irzland S0FTROwe D.01B5*=+ 0.0651*%= 0.0275%% 0.005g=%= 002034+ 0.0002* %
{0.000) (0.000) {0.000) (0.000) (0.000) {0.000) {0.000)

Izrael 0LLG44w= 1 0.0BQ3=%= 0023+ 0.015g%%= QL4 0.0003% %=
(0.001) (0.000) 10.000) (0.000) (0.000) {0.000) (0.000)

Iraly UK ES i 00022+ 00500 0.0004*%= -0LB110%** UV Al 0.0003% %=
{0,000 (0001 {0.000) {0.054) {0.000) {0.000) {0,000

Japen I08H 0O0TI 0072t 0.0406%% 0.0206%+ Q0033 00003%%
{0,001 {0.000) {0.000) {0.000) {0,000 {0,000

Tordmn D4140%  plpopees  QEE0R%e 0.2487%% D1209%*  00013%%
{0,000 (3.000) {0,000y {0,000 {0,000 {0,000

Eemya 0TI S0043 T 0.0620#*= 0093 0L 10 %E 0.0015%%*
{0.000) (0.000) {0.000) (0.000) {0.000) (0.000)

Bowth Korea R K A SO 054TEE= QLOBGE=*= S0GLTI A SOLTRE 0.0014*%*
(0.000) (0.000) {0.000) {0.000) (0.000) {0.000) {0.000)

Marocco SOLLEf3 e D.OT55+*+ 020053 0.0608*%= QL4 ET e 0L 120G 0.0005*=
{0,001 (0.000) {0.000) {0,000 {0.000) {0,000 {0,000

Netheriands QL255%  0QETI 02705%ee 00603 03T D185E 0.0010%%
{0,000 (0.000) {0.000) {0.000) {0.000) {0,000 {0,000

Pakistn DATOEF 00109 01064 -0.0013% 00086+ D088 00011
{0,000 (0.000) 0.034) {0,000 {0,000 {0,000 {0,000

Philippimes S0L41ETe= 00054 QLOEET=e= QL0005+ ERFETI A 0L 0.0004**=
{0,000 {3,000 .13 {3,000 {3,000 {0.000) {0,000

Partogzl QAT 0034 %= 0 1244%%= 0.0642%%= 0.022]1%% SOL2T4RE 0.0005%**
{0.001) (0.000) {0.000) (0.000) (0.000) {0.000) (0.000)

Sowth Affica 044 50w S00435% 4= 007544 0.0631+%* 0.0721%%=* QLGS 0.0010%**
(0.000) (0.000) {0.000) (0.000) (0.000) {0.000) (0.000)

Spain -02G1Ew= 00247+ 0. 1037%%= 0.0320*= 0.00324%* -3 T 0.0004**=
{0,001 (0.000) {0.000) {0,000 {0,000 {0,000 {0,000

Sri Lanka D3400%  D04EE*  QISTOSe 0.0296%% 0.0264% D185 00006%%
{0,001 (0.000) {0.000) {0,000 {0.000) {0.000) {0,000

Swedsn DA03I%  L0D3ISTHe Q0080%ee QDD4ISe 0 302% D066 0.0005%%
{0,000 (3,000 {0,000y {3,000 {3,000 {0,000 {0,000

Ewiizerland QR0 T SOD0ETEE= 0.0228=%= 0.0052*%= 0.003 4% B A 0.0001*%=
{0.000) (0.000) {0.000) (0.000) (0.000) {0.000) (0.000)

Thailand 0401 T SO02L1%E= QLOBER=*= 00029+ -0 03RO -0L10EE 0.0014*%*
{0.000) (0.000) {0.000) (0.068) (0.000) {0.000) {0.000)

Turkey 005G 002544+ 0L05053%%= Q.0312%%= R Rl 00314+ 0.0003% %=
{0,000 (0.000) {0.000) {0,000 {0.000) {0,000 {0,000

Ukited States D320E% 00262+ 0.0207%%+  -0DIE2** Q3T D5 00003°%
{0,000 {0.000) {0.000) {0.000) {0.000) {0.000) {0,000

Haotes: Elasticity estimetes bazed on ARTL model with robust standard ermors

. puzlues in parenthesis: *** danptes 13; level of sisnificance, = 3%, and * 10%:
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Figure C.1 Robustness check using 3 lags
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Figure C.2 Robustness check using 4 lags
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Figure C.3 Robustness check using 5 lags
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Table C.1
Statistical difference test on oil-intensity margin

Covariance Analysis

Covariance 24.1888
t-Statistic 2.3997
Prob. 0.074

Notes: The oil-intensity margin between low and high oil-intensive countries is small: from 52%
to 57%. Based on the t-statistic of the covariance analysis, the null hypothesis of no difference can
be rejected at the 10% level.
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