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Abstract
We employ a set of sign restrictions on the impulse responses of a Global VAR

model, estimated for 38 countries/regions over the period 1979Q2�2011Q2, as well as
bounds on impact price elasticities of oil supply and oil demand to discriminate between
supply-driven and demand-driven oil-price shocks, and to study the time pro�le of their
macroeconomic e¤ects across a wide range of countries and real/�nancial variables. We
show that the above identi�cation scheme can greatly bene�t from the cross-sectional
dimension of the GVAR� by providing a large number of additional cross-country sign
restrictions and hence reducing the set of admissible models. The results indicate that
the economic consequences of a supply-driven oil-price shock are very di¤erent from
those of an oil-demand shock driven by global economic activity, and vary for oil-
importing countries compared to energy exporters. While oil importers typically face
a long-lived fall in economic activity in response to a supply-driven surge in oil prices,
the impact is positive for energy-exporting countries that possess large proven oil/gas
reserves. However, in response to an oil-demand disturbance, almost all countries in
our sample experience long-run in�ationary pressures, an increase in real output, a rise
in interest rates, and a fall in equity prices.
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1 Introduction

How do oil-price shocks a¤ect real output, in�ation, the real e¤ective exchange rates, interest

rates, and equity prices in di¤erent countries, including major oil exporters? Drawing on

insights from Baumeister and Peersman (2012) and Kilian and Murphy (2012), we identify

two groups of explanatory factors as the main drivers of the evolution of crude oil prices:

(i) fast-growing demand due to high global economic growth; and (ii) declining supply or

expected production shortfalls in the future. We employ a set of dynamic sign restrictions

on the impulse responses of a Global VAR (GVAR) model as well as bounds on impact

price elasticities of oil supply and oil demand to identify the underlying demand and supply

shocks in the world crude oil market, and to study the macroeconomic consequences of

oil-price �uctuations across di¤erent countries (including both commodity importers and

exporters). We show that these sign/quantity restrictions can greatly bene�t from the cross-

sectional dimension of the GVAR� which provides a large number of additional cross-country

identifying restrictions and reduces the set of admissible structural impulse responses.

Our GVAR approach employs a dynamic multi-country framework for the analysis of

the international transmission of shocks, and comprises 38 country/region-speci�c models,

among which is a single Euro Area region (including 8 of the 11 countries that joined Euro

in 1999) as well as the countries of the Gulf Cooperation Council (GCC). These individual

models are solved in a global setting where core macroeconomic variables of each economy

are related to corresponding foreign variables, which have been constructed to match the

international trade pattern of the country under consideration and serve as a proxy for

common unobserved factors. The model has both real and �nancial variables: real GDP,

in�ation, real equity prices, real e¤ective exchange rate, short and long-term interest rates,

global oil production, and the price of oil. We treat the latter endogenously as the question

of whether oil prices are demand-driven or supply-driven often reignites debate about their

exogenous or endogenous treatment in macroeconomic models. Our framework is able to

account for various transmission channels, including not only trade relationships but also

�nancial linkages through interest rates, equity prices, and exchange rates; see Dees et al.

(2007) and Pesaran et al. (2007). We estimate the 38 individual VARX* models over the

period 1979Q2�2011Q2. Having solved the GVAR model, we examine the e¤ect of oil-

demand and oil-supply shocks on the macroeconomic variables of di¤erent countries.

Consistent with the �ndings of earlier studies1� but at a more disaggregated country level

and for a wider range of macroeconomic aggregates� the results of our "set-identi�ed" GVAR

model of the world economy indicate that the economic consequences of a supply-driven oil-

1See, for instance, Kilian (2009), Kilian and Murphy (2012), Peersman and Van Robays (2012).
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price shock are very di¤erent from those of an oil-demand shock driven by changes in global

economic activity; and very di¤erent for oil-importing countries when compared with energy

exporters. We �nd that while oil importers typically face a long-lived fall in economic activity

in response to a supply-driven surge in oil prices, the impact is positive for energy-exporting

countries that possess large proven oil/gas reserves. However, in response to an oil-demand

disturbance, almost all countries in our sample experience long-run in�ationary pressures,

and an increase in real output. Furthermore, following an oil-demand shock interest rates

increase while equity prices fall in all major oil-importing countries.

Figure 1: Price of Crude Oil per barrel, 1970�2012

Source: Authors�construction based on data from the British Petroleum Statistical Review of World Energy
and the International Monetary Fund International Financial Statistics.

Compared to Dees et al. (2007), the current paper advances the work on GVARmodelling

in the following directions: (i) we extend the geographical coverage of the GVAR model to

major oil exporters as well as other countries in the Middle East and North Africa region;

(ii) we extend the sample period until the second quarter of 2011, thus including both

the recent oil price boom (2002�2008) as well as the initial oil-supply disruptions which

accompanied the Arab Spring (see Figure 1 for the evolution of oil prices and a history of

oil production disruptions since 1970); (iii) we allow for the simultaneous determination of

oil prices, oil production, and several key macroeconomic variables in a global setting; and

(iv) we demonstrate how a GVAR model, covering over 90% of world GDP, 85% of world oil

consumption, and 80% of world proven oil reserves, can be used for "set-identi�ed" impulse
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response analysis and to obtain a better understanding of structural shocks.

Furthermore, we contribute to the literature that assesses the macroeconomic e¤ects of oil

price shocks along the following dimensions. To study the oil-macroeconomy relationship,

we provide a compact model of the world economy that takes into account the economic

interlinkages and spillovers that exist between di¤erent regions (which may also shape the

responses of di¤erent macroeconomic variables to oil price shocks), rather than undertaking

a country-by-country structural VAR analysis of the oil market. By directly controlling for

macroeconomic determinants of oil demand in a large-scale macroeconometric model of the

world economy, rather than relying on proxies for global real economic activity, we try to

achieve a better understanding of structural oil-supply and oil-demand shocks.

Moreover, while there is a growing literature that employs sign restrictions on impulse

responses as a way of identifying shocks in structural VARs�for example, Faust (1998), Uhlig

(2005), and Canova and Nicoló (2002)�we extend this approach to a GVAR framework in

which the cross-sectional dimension of the model is utilized to identify shocks that are global

in nature, i.e. shocks that a¤ect many countries simultaneously. Fry and Pagan (2011) argue

that sign restrictions solve the parametric identi�cation problem present in structural VARs

but leave the model identi�cation problem unresolved. The latter refers to the fact that

there are many models with identi�ed parameters that provide the same �t to the data. To

narrow the set of admissible structural models, we follow Kilian and Murphy (2012) and

augment the above sign restrictions with bounds on impact price elasticities of oil demand

and oil supply (to rule out those models that imply economically implausible responses). We

also show that the global dimension of the GVAR� by o¤ering a large number of additional

cross-country sign restrictions� can signi�cantly narrow the number of plausible models

that satisfy our a priori sign/quantity restrictions, and therefore can move us one step closer

to calculating those impulse responses that are qualitatively and sometimes quantitatively

similar. However, we acknowledge that even after imposing sign restrictions, bounds on oil-

price elasticities, and cross-country identifying restrictions, there are still a large number of

structural models that satisfy these restrictions and therefore it is necessary to �nd a way

to summarize the available information. For this purpose, we follow Fry and Pagan (2011)

and report the "Medium Target" of our impulse responses (a single model whose impulse

responses are as close as possible to the median values).

The rest of the paper is organized as follows. Section 2 gives a brief review of the relevant

literature. Section 3 describes the GVARmethodology while Section 4 outlines our modelling

approach. Section 5 explains the identi�cation procedure used in this paper and investigates

the macroeconomic e¤ects of oil-supply and oil-demand shocks. Finally, Section 6 concludes

and o¤ers some policy recommendations.
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2 Literature Review

We are certainly not the �rst ones to emphasize the importance of identifying the underlying

sources of oil-price shocks for studying their macroeconomic consequences. Using a structural

VAR framework for the case of the United States, Kilian (2009) decomposes oil-price shocks

into three types� an oil-supply shock, an oil-demand shock driven by economic activity, and

an oil-speci�c demand shock driven by expectations about future changes in oil conditions�

and concludes that the macroeconomic e¤ect of the most recent oil price surge (2003-08)

was generally moderate. This observation could be interpreted as evidence of the key role

played by the demand side in explaining the recent boom in oil prices. Had the shock

been triggered by supply-side factors, global aggregate demand would have fallen, because

a negative supply shock is perceived to be a tax on oil consumers (with a high propensity

to consume) in favor of oil producers (with a lower propensity to consume). Following

a supply-driven oil price shock and in the presence of nonlinearities in the product and

labor markets (for example price and wage rigidities), production costs increase and as a

result in�ation rises; often prompting central banks to raise their policy rates, and placing

additional downward pressure on growth.2 However, in response to a demand-driven oil

price shock, combined with a near vertical oil supply curve, output and in�ation move in the

same direction (both increase). Hamilton (2009) argues that while historical oil price shocks

were primarily associated with physical supply disruptions, the price run-up of 2007-08 was

caused by strong global demand and stagnating world oil production. He then concludes

that in spite of di¤erent causes, the consequences for the economy of higher oil prices have

been very similar to those observed in earlier episodes.

Most papers in the literature that investigate the e¤ects of oil shocks on macroeconomic

variables have focused on a handful of industrialized/OECD countries, and in most cases they

have looked at the impact of oil shocks exclusively on the United States (and in isolation

from the rest of the world). Moreover, the focus of those analyses has predominantly been

on net oil importers� see, for example, Blanchard and Gali (2007), Hamilton (2009), Kilian

(2009), and Peersman and Van Robays (2012). An exception is the work of Esfahani et al.

(2014), which looks at the direct e¤ects of oil-revenue shocks on domestic output for 9 major

oil exporters, six of which are OPEC members. But they do not investigate the di¤erential

e¤ects of demand- versus supply-driven oil-price shocks, and conduct a country-by-country

VARX* analysis. Another exception is Chapter 4 of International Monetary Fund (2012)

World Economic Outlook (WEO), which provides a discussion of the e¤ects of commodity

2See Raissi (2011) for a discussion of optimal monetary policy in the presence of labor market ine¢ ciencies.
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price shocks on commodity exporters, using the methodology in Kilian (2009).3 Finally,

Kilian et al. (2009) examine the e¤ects of di¤erent types of oil-price shocks on the external

balances of net oil exporters/importers. Therefore, our paper is complementary to the analy-

sis of the e¤ects of oil-price shocks on advanced economies, given its wide country coverage,

including both major oil exporters (located in the Middle East, Africa and Latin America)

as well as many developing countries and the fact that our modelling strategy accounts for

economic interlinkages that exist among di¤erent countries.

3 The Global VAR (GVAR) Methodology

We consider N + 1 countries in the global economy, indexed by i = 0; 1; :::; N . With the

exception of the United States, which we label as 0 and take to be the reference country,

all other N countries are modelled as small open economies. This set of individual VARX*

models is used to build the GVAR framework. Following Pesaran (2004) and Dees et al.

(2007), a VARX* (si; s�i ) model for the ith country relates a ki � 1 vector of domestic
macroeconomic variables (treated as endogenous), xit, to a k�i � 1 vector of country-speci�c
foreign variables (taken to be weakly exogenous), x�it, and to a md � 1 vector of observed
global factors, dt, which could include such variables as commodity prices:

�i (L; si)xit = ai0 + ai1t+�i (L; s
�
i )x

�
it +�i (L; s

�
i )dt + uit; (1)

for t = 1; 2; :::; T , where ai0 and ai1 are ki � 1 vectors of �xed intercepts and coe¢ cients
on the deterministic time trends, respectively, and uit is a ki � 1 vector of country-speci�c
shocks, which we assume are serially uncorrelated with zero mean and a non-singular co-

variance matrix, �ii, namely uit s i:i:d: (0;�ii). Furthermore, �i (L; si) = I �
Psi

i=1�iL
i,

�i (L; s
�
i ) =

Ps�i
i=0�iL

i, and �i (L; s
�
i ) =

Ps�i
i=0�iL

i are the matrix lag polynomial of the

coe¢ cients associated with the domestic, foreign, and global variables, respectively. As the

lag orders for these variables, si and s�i ; are selected on a country-by-country basis, we are

explicitly allowing for �i (L; si), �i (L; s�i ), and �i (L; s
�
i ) to di¤er across countries.

The country-speci�c foreign variables are constructed as cross-sectional averages of the

domestic variables using data on bilateral trade as the weights, wij:

x�it =

NX
j=0

wijxjt; (2)

3See also Cavalcanti et al. (2011) and Cavalcanti et al. (2012) for two recent panel studies.
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where j = 0; 1; :::N; wii = 0; and
PN

j=0wij = 1. For empirical application, the trade weights

are computed as �xed weights based on the average trade �ows measured over the period

2006 to 2008. However, the weights can be based on any time period and can be allowed to

be time-varying.4

Although estimation is done on a country-by-country basis, the GVAR model is solved

for the world as a whole, taking account of the fact that all variables are endogenous to the

system as a whole. After estimating each country VARX*(si; s�i ) model separately, all the

k =
PN

i=0 ki endogenous variables, collected in the k � 1 vector xt = (x00t;x01t; :::;x0Nt)
0, need

to be solved simultaneously using the link matrix de�ned in terms of the country-speci�c

weights. To see this, we can write the VARX* model in equation (1) more compactly as:

Ai (L; si; s
�
i ) zit = 'it; (3)

for i = 0; 1; :::; N; where

Ai (L; si; s
�
i ) = [�i (L; si)��i (L; s�i )] ; zit = (x0it;x0�it)

0
;

'it = ai0 + ai1t+�i (L; s
�
i )dt + uit: (4)

Note that given equation (2) we can write:

zit =Wixt; (5)

where Wi = (Wi0;Wi1; :::;WiN), with Wii = 0, is the (ki + k�i ) � k weight matrix for
country i de�ned by the country-speci�c weights, wij. Using (5) we can write equation (3)

as:

Ai (L; s)Wixt = 'it; (6)

whereAi (L; s) is constructed fromAi (L; si; s
�
i ) by setting s = max (s0; s1; :::; sN ; s

�
0; s

�
1; :::; s

�
N)

and augmenting the s � si or s � s�i additional terms in the power of the lag operator by
zeros. Stacking equation (6), we obtain the Global VAR(s) model in domestic variables only:

G (L; s)xt = 't; (7)

4The main justi�cation for using bilateral trade weights, as opposed to �nancial weights, is that the
former have been shown to be the most important determinant of business cycle comovements (see Baxter
and Kouparitsas (2005) among others).

6



where

G (L; s) =

0BBBBBBBBB@

A0 (L; s)W0

A1 (L; s)W1

.

.

.

AN (L; s)WN

1CCCCCCCCCA
; 't =

0BBBBBBBBB@

'0t

'1t

.

.

.

'Nt

1CCCCCCCCCA
: (8)

For an illustration of the solution of the GVAR model, using a VARX*(1; 1) model,

see Pesaran (2004), and for a detailed exposition of the GVAR methodology see Dees et al.

(2007). The GVAR(s) model in equation (7) can be solved recursively and used for a number

of purposes, such as forecasting or impulse response analysis.

4 A Global VARModel Including Major Oil Exporters

The GVAR literature almost exclusively focuses on business cycle linkages among advanced

and major emerging market economies, with limited attention to growth spillovers to/from

major oil exporters (e.g. the Organization of the Petroleum Exporting Countries (OPEC)

members). While the international business cycle is very important for the economic per-

formance of commodity exporters, macroeconomic and political developments in this group

of countries also have large consequences for the rest of the world through their impact on

global oil prices. In contrast to the literature, we use a GVAR model including major oil

exporters to disentangle the size and speed of the transmission of di¤erent oil-price shocks to

the global economy. Speci�cally, we extend the country coverage of the GVAR dataset used

in Dees et al. (2007) by adding 11 major oil exporters located in the Middle East, Africa,

and Latin America, as well as another six oil-importing countries in the Middle East and

North Africa (MENA) region, see Table 1.5 Thus our version of the GVAR model covers 50

countries as opposed to the "standard" 33 country set-up used in the literature, see Smith

and Galesi (2010), and extends the coverage both in terms of major oil exporters and also by

including an important region of the world when it comes to oil supply, the MENA region.6

Of the 50 countries included in our sample, 17 are oil exporters, of which 10 are current

members of the OPEC and one is a former member (Indonesia left OPEC in January 2009).

We were not able to include Angola and Iraq, the remaining two OPEC members, due to

5Although Bahrain and Oman are not OPEC member countries, we include them in the OPEC block as
we treat the GCC countries as a region. Note that using GDP PPP weights, Bahrain and Oman are less
than 8% of the total GDP of the GCC.

6For an extensive discussion on the impact of three systemic economies (China, Euro Area, and the U.S.)
on the MENA region, see Cashin et al. (2012).
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the lack of su¢ ciently long time series data. This was also the case for Russia, the second-

largest oil exporter in the world, for which quarterly data is not available for the majority of

our sample period. Our sample also includes three OECD oil exporters and the UK, which

remained a net oil exporter for the majority of the sample (until 2006), and therefore is

treated as an oil exporter when it comes to imposing sign-restrictions (see the discussion

in Section 5). These 50 countries together cover over 90% of world GDP, 85% of world oil

consumption, and 80% of world proven oil reserves. Thus our sample is rather comprehensive.

Table 1: Countries and Regions in the GVAR Model with Major Oil Exporters

Oil Exporters Oil Importers

OPEC Members Major Importers Latin America
Algeria� China Argentina
Ecuador� Euro Area Brazil
GCC Countries Austria Chile
Bahrain� Belgium Peru
Kuwait� Finland
Oman� France Emerging Asia
Qatar� Germany Korea
Saudi Arabia Italy Malaysia
UAE� Netherlands Philippines
Indonesia Spain Singapore
Iran� Japan Thailand
Libya� United States
Nigeria�

Venezuela� MENA Rest of the World
Egypt� Australia

OECD Exporters Jordan� India
Canada Mauritania� New Zealand
Mexico Morocco� South Africa
Norway Syria� Sweden
United Kingdom Tunisia� Switzerland

Turkey

Notes:� indicates that the country has been added to the Smith and Galesi (2010) database. OECD refers to
the Organization for Economic Cooperation and Development, OPEC is the Organization of the Petroleum
Exporting Countries, and MENA refers to the countries in the Middle East and North Africa region.

For empirical applications, we create two regions; one of which comprises the six Gulf

Cooperation Council (GCC) countries: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and

the United Arab Emirates (UAE); and the other is the Euro Area block comprising 8 of the

11 countries that initially joined the euro on January 1, 1999: Austria, Belgium, Finland,

France, Germany, Italy, Netherlands, and Spain. The time series data for the GCC block and

the Euro Area block are constructed as cross-sectionally weighted averages of the domestic
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variables (described in detail below), using Purchasing Power Parity GDP weights, averaged

over the 2006-2008 period. Thus, as displayed in Table 1, the GVAR model that we specify

includes 38 country/region-speci�c VARX* models.

4.1 Variables

The macroeconomic variables included in the individual VARX* models depend on both the

modelling strategy employed as well as whether data on a particular variable is available.

Each country-speci�c model has a maximum of six domestic (endogenous) variables and

�ve foreign (exogenous) variables. We also include two global variables, each of which is

treated endogenously in only one country, while being weakly exogenous in the remaining

37 country models. Below we describe the di¤erent variables included in our model and

provide justi�cation for our modelling speci�cation. For various data sources used to build

the quarterly GVAR dataset, covering 1979Q2 to 2011Q2, see Appendix A.

4.1.1 Domestic Variables

Real GDP, yit, the rate of in�ation, �it, short-term interest rate, rSit, long-term interest

rate, rLit, and real equity prices, eqit are the �ve domestic variables that are included in our

model, as well as most of the GVAR applications in the literature. These �ve variables are

constructed as:

yit = ln(GDPit); �it = pit � pit�1; pit = ln(CPIit); eqit = ln (EQit=CPIit) ;

rSit = 0:25 ln(1 +RSit=100); rLit = 0:25 ln(1 +R
L
it=100); (9)

where GDPit is the real Gross Domestic Product at time t for country i, CPIit is the

consumer price index, EQit is a nominal Equity Price Index, and RSit (R
L
it) is the short-term

(long-term) interest rate.

The GVAR literature also includes a sixth domestic variable, representing the real ex-

change rate and de�ned as eit � pit, that is the log of the nominal exchange rate of country
i, ln (Eit) ; de�ated by the domestic CPI. However, in a multi-country set-up, it might be

better to consider a measure of the real e¤ective exchange rate, rather than eit � pit. We
therefore follow Dees et al. (2007) and construct such a variable, reerit.

To construct the real e¤ective exchange rate for country i, we simply take the nomi-

nal e¤ective exchange rate, neerit, add the log of foreign price level (p�it) and subtract the

domestic (pit) price level. Note that neerit is a weighted average of the bilateral exchange

rates between country i and all of its trading partners j, where j = 0; :::; N: In the current
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application we have a total of 36 countries and two regions in our model, N = 37, therefore

we can use the nominal exchange rates denominated in U.S. dollars for each country, eit, to

calculate reerit. More speci�cally:

reerit = neerit + p
�
it � pit

=

37X
j=0

wij (eit � ejt) + p�it � pit; (10)

where the foreign price is calculated as the weighted sum of log price level indices (pjt) of

country i�s trading partners, p�it =
37X
j=0

wijpjt, and wij is the trade share of country j for

country i. Given that
37X
j=0

wij = 1 and e�it =
37X
j=0

wijejt, the real e¤ective exchange rate can

be written as:

reerit = eit � e�it + p�it � pit
= (eit � pit)� (e�it � p�it) : (11)

This constructed measure of the real e¤ective exchange rate is then included in our model

as the sixth domestic variable.

4.1.2 Foreign Variables

We include �ve foreign variables in our model. In particular, all domestic variables, except for

that of the real e¤ective exchange rate, have corresponding foreign variables. The exclusion

of reer�it is simply because reerit already includes both domestic, eit � pit, and foreign,
e�it� p�it, nominal exchanges rates de�ated by the appropriate price levels, see equation (11).
Therefore, reer�it does not by itself have any economic meaning. The foreign variables are

all computed as in equation (2), or more speci�cally:

y�it =
37X
j=0

wijyjt; eq
�
it =

37X
j=0

wijeqjt; �
�
it = p

�
it � p�it�1

rS�it =

37X
j=0

wijr
S
jt; r

L�
it =

37X
j=0

wijr
L
jt: (12)

The trade weights, wij, are computed as a three-year average to reduce the impact of
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individual yearly movements on the weights:7

wij =
Tij;2006 + Tij;2007 + Tij;2008
Ti;2006 + Ti;2007 + Ti;2008

; (13)

where Tijt is the bilateral trade of country i with country j during a given year t and is

calculated as the average of exports and imports of country i with j, and Tit =
PN

j=0 Tijt

(the total trade of country i) for t = 2006; 2007; 2008; in the case of all countries. The trade

shares used to construct the foreign variables are given in the 38 � 38 matrix provided in
Table 7 of Appendix A.

4.1.3 Global Variables

Given that we want to consider the macroeconomic e¤ects of oil shocks on the global economy,

we also need to include nominal oil prices (in U.S. dollars), P oilt , as well as the quantity of oil

produced in the world, Qoilt . A key question is how should these two variables be included

in the GVAR model? Since we will estimate the model over the second quarter of 1979 to

the second quarter of 2011, we look at oil consumption over this period for the four largest

oil importers in the world, as well as for di¤erent country groupings. Table 2 shows that the

United States consumed on average about 27% of world oil between 1979�2010. Comparing

this to the other three major oil importers (China, Euro Area, and Japan), we note that U.S.

consumption is far larger than any of these countries or even the other regions in the world

considered in this paper. In fact the sum of consumption of the other major oil importers is

26:6%, which is still below that of the United States. Following the literature,8 we include

log oil prices, poilt , as a "global variable" determined in the U.S. VARX* model; that is the

price of oil is included in the U.S. model as an endogenous variable while it is treated as

weakly exogenous in the model for all other countries. Therefore, the U.S. model is explicitly

used as a transmission mechanism for the global economic conditions to the price of oil. This

modelling choice is novel as the oil price equation accounts for both global demand conditions

(through the U.S. x�it variables) and oil supply conditions (through the q
oil
t variable).

Turning to the largest oil exporters in the world, we notice from Table 3 that Saudi

Arabia, and more speci�cally the GCC countries, play an important role when it comes

to world oil supply. Not only do these six countries produce more than 22% of world oil

and export around 30% of the world total, which is almost three times that of the OECD

oil exporters, the six GCC countries also possess 36.3% of the world�s proven oil reserves.9

7A similar approach has also typically been followed in Global VAR models estimated in the literature.
See, for example, Dees et al. (2007).

8See, for example, Dees et al. (2007), Cesa-Bianchi et al. (2012), and Chudik and Smith (2013).
9Note that proven reserves at any given point in time are de�ned as "quantities of oil that geological
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Table 2: Oil Consumption by Oil Importers, averages over 1979�2010

Major Importers Million Percent Other Oil Importers Million Percent
Barrels/day of World Barrels/day of World

China 3.1 4.8 Latin America 2.1 3.3
Euro Area 9.3 14.5 Emerging Asia 2.6 4.0
Japan 4.7 7.4 Rest of the World 3.5 5.5
United States 17.3 26.9 World 64.1 100.0

Source: Oil consumption data is from the British Petroleum Statistical Review of World Energy. For country
groupings see Table 1.

Moreover, Saudi Arabia is not only the largest oil producer and exporter in the world, but

it also has the largest spare capacity and as such is often seen as a global swing producer.

For example, in September of 1985, Saudi production was increased from 2 million barrels

per day (mbd) to 4.7 mbd (causing oil prices to drop from $57.61 to $29.62 in real terms,

see Figure 1), and more recently Saudi Arabia has increased its production to stabilize the

oil market. Therefore, given the status of the GCC countries with regard to oil supply,

we include log of oil production, qoilt , as an endogenous variable in the GCC block, and as

a weakly exogenous variable in all other countries. Accordingly, qoilt is the second "global

variable" in our model.

Table 3: Oil Reserves, Production and Exports of Major Oil Exporters, averages
over 2008�2010

Country Oil Production Oil Exports Oil Reserves
Million Percent Million Percent Billion Percent

Barrels/day of World Barrels/day of World Barrels of World

OPEC Members 32.0 39.3 20.7 53.1 937 68.6
GCC Countries 18.0 22.1 11.7 29.9 496 36.3
Saudi Arabia 10.2 12.6 6.7 17.3 264 19.4
OECD Oil Exporters 8.6 10.6 4.6 11.7 51 3.7
World 81.5 100.0 39.0 100.0 1365 100.0

Source: Oil reserve and production data is from the British Petroleum Statistical Review of World Energy
and oil export data is from the OPEC Annual Statistical Bulletin. For country groupings see Table 1.

and engineering information indicate with reasonable certainty can be recovered in the future from known
reservoirs under existing economic and operating conditions" (British Petroleum Statistical Review of World
Energy), thus this measure could be uncertain.
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Making one region out of Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United

Arab Emirates, is not without economic reasoning. The rationale is that these countries have

in recent decades implemented a number of policies and initiatives to foster economic and

�nancial integration in the region with a view to establishing a monetary union (loosely based

on that of the Euro Area). Abstracting from their level of success with above objectives, the

states of the GCC are relatively similar in structure, though in the short term they may face

some di¢ culties in meeting the convergence criteria they have set for economic integration

based on those of the European Union (EU). In�ation rates vary signi�cantly across these

countries and �scal de�cits, which have improved since the start of the oil boom in 2003, are

about to re-emerge in some countries. However, these economies already peg their currencies

to the U.S. dollar, except for Kuwait, which uses a dollar-dominated basket of currencies,

and are accustomed to outsourcing their interest-rate policy. They also have relatively open

capital accounts, and hence, it is reasonable to group these countries as one region.10

4.2 Model Speci�cation

Given the discussion in Section 4.1, we specify three di¤erent sets of individual country-

speci�c models. The �rst speci�cation is common across all countries apart from the United

States and the GCC block. These 36 VARX* models include six endogenous/domestic

variables, when available, �ve country-speci�c foreign variables, and two global variables,

see Table 4. Using the same terminology as in equation (1), the 6� 1 vector of endogenous
and the 5�1 vector of exogenous variables are given by xit =

�
yit; �it; eqit; r

S
it; r

L
it; reerit

�0
and x�it =

�
y�it; �

�
it; eq

�
it; r

�S
it ; r

�L
it

�0
respectively, while the 2� 1 vector of global variables is

de�ned as dt =
�
poilt ; q

oil
t

�0
:

The second speci�cation relates to the GCC block only, for which the log of oil production,

qoilt , is included in the model endogenously in addition to the three domestic variables in xit,

while x�it and the log of nominal oil prices, p
oil
t , are included as weakly exogenous variables.

Finally, the U.S. model is speci�ed di¤erently from the others, mainly because of the

dominance of the United States in the world economy. Firstly, based on the discussion

above regarding oil consumption, the price of oil is included in the model endogenously.

Secondly, given the importance of U.S. �nancial variables in the global economy, the U.S.-

speci�c foreign �nancial variables, eq�US;t and r
�L
US;t, are not included in this model. The

exclusion of these two variables was also con�rmed by our preliminary analysis, in which the

weak exogeneity assumption was rejected for eq�US;t and r
�L
US;t in the U.S. model. Finally, since

eit is expressed as domestic currency price of a United States dollar, it is by construction

10See Mohaddes and Williams (2013) for more details.
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Table 4: Variables Speci�cation of the Country-speci�c VARX* Models

The U.S. Model The GCC Model All Other Models
Domestic Foreign Domestic Foreign Domestic Foreign

yUS;t y�US;t yGCC;t y�GCC;t yit y�it
�US;t ��US;t �GCC;t ��GCC;t �it ��it
eqUS;t � � eq�GCC;t eqit eq�it
rSUS;t r�SUS;t � r�SGCC;t rSit r�Sit
rLUS;t � � r�LGCC;t rLit r�Lit
� e�US;t � p�US;t reerGCC;t � reerit �
poilt � � poilt � poilt
� qoilt qoilt � � qoilt

Notes: For the de�nition of the variables see equations (9) and (11).

determined outside this model. Thus, instead of the real e¤ective exchange rate, we included

e�US;t � p�US;t as a weakly exogenous foreign variable in the U.S. model.
For brevity, we present the country-speci�c estimates and tests in Appendix B, including

discussions about lag order selection, cointegrating relations, and persistence pro�les. We

also provide evidence for the weak exogeneity assumption of the foreign variables and discuss

the issue of structural breaks in the context of our GVAR model in Appendix B.

5 Identi�cation of Oil Shocks

Understanding the factors driving crude oil prices is essential for assessing their economic

e¤ects. We compare the macroeconomic consequences of supply-driven versus demand-driven

oil-price shocks across a set of developed and developing countries that are structurally very

diverse with respect to the role of oil and other forms of energy in their economies. A negative

oil supply shock is an exogenous shift of the oil supply curve along the oil demand schedule

to the left, lowering oil production, and increasing oil prices. A good example of such a

shock would be exogenous oil production disruptions caused by geopolitical tensions in the

Middle-East. In contrast, a positive oil demand shock driven by global economic activity

(represented by an upward shift of the oil demand curve along the oil supply schedule to the

right) is a shock that increases both oil production and prices. The surge in oil demand on

the back of strong economic growth in emerging economies would be an example.
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5.1 Identi�cation Strategy

To discriminate oil-supply disturbances from oil-demand shocks, we rely on three sets of

identifying restrictions within our GVAR framework:

(a) dynamic sign restrictions;

(b) cross-country sign restrictions arising from the global dimension of the GVAR model;

(c) and bounds on impact price elasticities of oil supply and oil demand.

Regarding conditions (a) and (b), we require negative oil-supply shocks to be associated

with: (i) an increase in oil prices; (ii) a decrease in global oil production levels; and (iii) a

decline in the sum of real GDPs across all oil importers in our sample. We impose these sign

restrictions, (i) to (iii), to hold for one year after the shocks to allow for sluggish responses

of quantity measures (oil production and real GDPs). Since the e¤ect of a negative oil-

supply shock on the level of GDP of the GCC region or the other 11 oil-exporting countries

in our sample is ambiguous, we do not need to impose any dynamic sign restrictions on

them, see Table 5. This scheme is e¤ective in identifying oil-supply disturbances as other

shocks cannot move oil prices, oil production levels, and real GDPs (across all oil-importing

countries) in opposite directions.11 For oil-demand shocks on the other hand, we require an

increase in: (i) oil prices; (ii) oil production levels; and (iii) the sum of real output across

the 36 countries and two regions to hold within the �rst year.12 We should stress that the

global dimension of the GVAR model can provide additional identifying restrictions and can

greatly reduce the number of admissible models, see Table 6. Speci�cally, condition (iii)

imposes that the cumulated sum of the relevant individual-country outputs are negative if

faced with an oil-supply shock, and positive if an oil-demand shock prevails.13 Intuitively, a

negative oil supply shock is perceived to be a tax on oil consumers (with a high propensity

to consume) in favor of oil producers (with a lower propensity to consume) and is associated

with a fall in global aggregate demand (hence the cross-country restrictions).

11See Chudik and Fidora (2011) for a similar exposition in a GVAR setting. However, our identi�cation
scheme di¤ers from theirs in some important ways. We employ a set of dynamic sign restrictions on the
model�s impulse responses (rather than contemporaneous sign restrictions); we impose bounds on impact
price elasticities of oil-supply and oil-demand using an additional variable in the model (oil production); we
rely on a wider set of oil-exporters in our framework (in total 17 countries compared to 5); and we impose
the sign restrictions on the sum of real GDPs across all oil-importers rather than on all individual countries.
12Mohaddes and Raissi (2011) show that for an oil-importing but labor-exporting small open economy

which receives large (and stable) in�ows of external income (the sum of FDI, remittances, and grants) from
oil-rich countries, the impact of oil shocks on the economy�s macroeconomic variables can be very similar to
those of the oil exporters from which it receives these large income �ows.
13We also considered a cumulated weighted average of the outputs, using PPP GDP weights, and obtained

very similar results. We will thus focus on the results using the simple cumulated sum of the output responses
in the remainder of the paper.
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Table 5: Identi�cation of Structural Shocks

Structural shocks poil qoil yimporters yexporters � eq rS rL reer

Oil supply > 0 < 0 � 0 � � � � � �

Oil demand > 0 > 0 � 0 � 0 � � � � �

Notes: For the de�nition of the variables see equations (9) and (11). For the list of the 12 oil exporting and
26 importing countries/regions, see Table 1.

However, sign restrictions alone are not su¢ ciently informative in exactly identifying the

macroeconomic e¤ects of oil-demand and oil-supply shocks because some admissible models

based on sign restrictions may imply economically implausible responses (i.e. a large in-

stantaneous increase in oil production in response to an increase in oil prices; implying a

large short-run elasticity of oil supply). Kilian and Murphy (2012) argue that it is important

to augment these restrictions with other sets of identifying assumptions (such as quantity

restrictions: bounds on impact price elasticities of oil demand and oil supply) to narrow the

set of admissible structural models. Drawing on these insights, we impose the following set

of quantity restrictions on the impact impulse responses (c): an upper bound of 0:025 on the

short-run price elasticity of oil supply and a range of �0:8 to zero for the impact price elas-
ticity of oil demand. These bounds are justi�ed based on historical experience and empirical

evidence in the literature that the short-run price elasticity of oil supply is close to zero and

that of oil demand is weakly negative (estimated based on historical data). Hamilton (2009)

observes that "in the absence of signi�cant excess production capacity, the short-run price

elasticity of oil supply is very low." Kilian (2009) show that "even in the presence of spare

capacity, the response of oil production to price signals will be negligible [contemporane-

ously] because changing oil production is costly." Kilian and Murphy (2012) argue that a

0.025 oil-supply elasticity bound can also be motivated based on historical experience. A

benchmark for the long-run oil-demand elasticity is provided by studies of nonparametric

gasoline demand functions based on U.S. household survey data such as Hausman and Newey

(1995) which have consistently produced long-run price elasticity estimates near -0.8. Kilian

and Murphy (2012) argue that the impact-price elasticity of oil demand must be weakly

negative on average. Hence, they impose a lower bound of -0.26 in addition to restricting

the demand elasticity at zero from above in their empirical application.14 Given these three

sets of identifying restrictions, (a) to (c), the implementation procedure is as follows.

14See also Fattouh (2007) for an extensive survey of the literature on income and price elasticities of oil
demand.
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Let vit denote the structural VARX* model innovations given by:

vit = ~Piuit;

where ~Pi is a ki � ki matrix of coe¢ cients to be identi�ed. We carry out a Cholesky

decomposition of the covariance matrix of the vector of residuals uit for each country model

i (= 0; :::; N) to obtain the lower triangular matrix Pi that satis�es �vi = PiP
0
i. However,

for any orthogonal ki � ki matrix Qi, the matrix ~Pi = PiQi also satis�es �vi = ~Pi~P
0
i. To

examine a wide range of possible solutions for ~Pi and construct a set of admissible models, we

repeatedly draw at random from the orthogonal matrices Qi and discard candidate solutions

for ~Pi that do not satisfy a set of a priori sign and quantity restrictions on the implied

impulse responses functions. These rotations are based on the QR decomposition.

More compactly, we construct the k � k matrix ~P as

~P =

0BBBBBBB@

~P0 0 � � � � � � 0

0
. . .

...
... ~Pi

...
...

. . . 0

0 � � � � � � 0 ~PN

1CCCCCCCA
;

which can be used to obtain the impulse responses of all endogenous variables in the GVAR

model to shocks to the error terms vt = (v00t; : : : ;v
0
it; : : : ;v

0
Nt)

0 = ~Put. We draw 5; 000 times

and only retain those valid rotations that satisfy our set of a priori restrictions.15

Since there are a few impulse responses that satisfy our postulated identifying restrictions,

we summarize them by reporting a central tendency and the 16th and 84th percentiles

as measures of the spread of responses. Although the remaining models� after imposing

identifying restrictions (a) to (c)� imply qualitatively and sometimes quantitatively similar

responses, the central tendency measure (i.e. median) for impulse responses of di¤erent

variables (across the 38 countries/regions) may come from di¤erent impulse vectors (supply-

or demand-driven oil-price shocks). We therefore follow Fry and Pagan (2011) and report a

single model whose impulse responses are as close to the median values of the impulse vector

as possible (this is called the median target). It is important to recognize that the distribution

here is across di¤erent models and it has nothing to do with sampling uncertainty.

To demonstrate how the cross-sectional dimension of the GVAR model can help with

reducing the number of admissible models, we perform a series of exercises and summarize

15See Chudik and Fratzscher (2011) for an application of Generalized Impulse Response Functions (GIRFs)
for structural impluse response analysis.
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Table 6: Number of Admissible Models out of 5000 Replications

Di¤erent Speci�cations Type of Shock
Supply Demand

Sign restrictions (U.S.) 466 3663

Sign and quantity restrictions (U.S.) 115 2443

Sign restrictions (GVAR) 293 589

Sign and quantity restrictions (GVAR) 95 498

the results in Table 6. We start with 5; 000 random draws of the rotation matrix and

only impose the dynamic sign restrictions on the price/quantity of oil as well as on the U.S.

output. Out of these replications, we achieve 466 and 3; 663 successful draws related to supply

and demand shocks, respectively. Imposing the inequality constraints on impact oil price

elasticities in addition to above sign restrictions further reduces the number of admissible

models to 115 and 2; 443 for supply and demand shocks, respectively. This strategy is,

therefore, particularly successful in eliminating all structural models that imply large price

responses to oil supply shocks but leaves a wide spread of responses to demand shocks. Table

6 shows that when we impose cross-country restrictions (arising from the global dimension of

the GVAR model) in addition to dynamic sign restrictions (third row) and bounds on impact

price elasticities of oil supply and oil demand (last row), we can further reduce the number

of admissible models for both of these shocks, especially for demand ones (from 3; 663 to

498). Overall, while the quantity restrictions help with the identi�cation of supply shocks,

cross-country restrictions on real GDPs o¤er an intuitive way of imposing a large number of

additional sign restrictions and better identi�es the demand shocks.

5.2 Oil-Supply Shocks

Figures 2�4 show the estimated median (blue solid) and the median target (black long-

dashed) impulse responses16 (for up to seven years) of key macroeconomic variables of oil

exporters and major oil-importing countries to a supply-driven oil-price shock, together with

the 16th and 84th percentile error bands.17 The consequences of a negative oil-supply shock

16We attach more weight to median target responses as we would like to track a single model at all times.
17One standard deviation increase in the price of oil is equivalent to around a 12% rise per quarter, which

can be compared to 21.19% increase due to the Iranian Revolution (1978Q4-1979Q4), 35.61% due to the
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are very di¤erent for oil-importing countries compared to energy-exporters. With regard

to real output, following an oil-supply shock, Euro Area and the United States (two major

energy-importing countries) experience a long-lived fall in economic activity, while for China

and Japan the impact is even positive.

The results for the Euro Area and U.S. are as expected, but the positive output impact

for China seems surprising at �rst. However, given China�s heavy dependence on coal, as

opposed to oil, for its energy consumption needs and the composition of its export basket,

this result might not be that surprising after all. The United States (Euro Area) met

37% (40%) and 23% (12%) of its primary energy needs from oil and coal sources in 2010,

respectively. In contrast, coal provided over 70% of China�s primary energy needs in 2010,

while oil amounted to less than 18% of the total. In fact, China accounts for just under

half of global coal consumption, and its coal use has almost doubled during the recent oil

boom (2002-2008), and has more than doubled over the last decade (see British Petroleum�s

Statistical Review of World Energy). Considering the dominance of coal (rather than oil)

in the Chinese economy, and given that most (if not all) of its coal consumption is met

by domestic production, oil-supply disruptions (which may also increase global coal prices)

will have relatively less of an impact on the Chinese economy. Moreover, given a near

vertical oil-supply curve, oil exporters may experience a real GDP boost following an oil-price

spike and cause a petrodollar recycling. Because China�s export portfolio (mainly consisting

of consumption and investment goods) �ts well the import demand of many oil-exporting

countries, and given the fact that China�s trade volume with major oil exporters is more

than 14% of its total trade, we would expect higher import demand by oil exporters (due

to income e¤ects) to positively a¤ect aggregate demand in China. Therefore, the negative

e¤ect on domestic output of an oil-supply shock may not necessarily manifest itself in China.

The positive impact of an oil supply shock on Japan�s GDP can be explained through

a similar channel, as Japan conducts more than 22% of its trade with major oil exporters.

Moreover, Japan is a leader in energy e¢ ciency within the OECD, notably in industrial, res-

idential, and road transport sectors. It bene�ts from energy-e¢ cient production technologies

(in particular electrical and electronic consumer items and car factories; it produces one ton

of steel using 20 percent less energy than in the US, and 50 percent less than in China).

Japan has also reduced the energy-intensity of its production over time; while oil consump-

tion peaked in 1996 at 5,847 million barrels per day (mbd), it reduced to only 4,714 mbd in

2012, hence it dropped by 19.4% (see BP Statistical Review of World Energy 2013). This

pattern is to be compared to the rest of the world oil demand which has increased by 25.2%

and OECD demand which has only decreased by 1.6% over the same horizon. In addition,

Iraqi invasion of Kuwait (1990Q3-Q4) or more recently 14.24% due the Arab Spring (2010Q4-2011Q2).
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Figure 2: Impact of Oil-Supply Shocks on Major Oil Importers

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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Figure 3: Impact of Oil-Supply Shocks on OPEC Countries

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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Figure 4: Impact of Oil-Supply Shocks on OECD Oil Exporters

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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the country has also followed more market-oriented energy policies; leading to alternative

energy sources (Japan produces almost half of the total global solar power).

The increase in real GDP following a decline in the rate of global oil production (an oil-

supply shock) is also documented in Chapter 3 of International Monetary Fund (2011) WEO

for the Emerging Asian countries (China, Hong Kong, India, Indonesia, Korea, Malaysia,

Philippines, Singapore, and Thailand) and Japan. The prediction of this model is that

a gradual (but moderate) increase in oil scarcity may not present a major constraint on

emerging economies�growth (especially for Japan and China) in the medium to long term,

although the wealth transfer from oil importers to exporters would increase capital �ows and

widen current account imbalances. More speci�cally, following a fall in global oil production,

simulations of International Monetary Fund (2011) WEO show that the real GDP of Japan

and China would increase for a few quarters (under a number of alternative scenarios).18

Turning to the major oil exporters in our sample, these countries can be split into two

subsets. It appears that an oil-supply shock permanently increases output for those oil

exporters that possess signi�cant amounts of proven oil reserves, and for which the reserve-

to-production ratio (given in the brackets in terms of years) is large: Canada (26), Ecuador

(34), Iran (88), Libya (77), Nigeria (42), and Venezuela (>100), see Figure 3. On the other

hand for those countries with limited oil reserves and low oil reserve-to-production ratios,

the impact is muted. For example, for Algeria (18) and Mexico (11), we see a temporary

increase in real output, while for Norway (9), we have a permanent decrease in output.

Algeria�s share of proven oil reserves in world�s total is only about 1% at the end of 2011;

Algeria exports around 42% of its oil to Europe, and given the induced slowdown in the

Euro Area in response to oil-supply shocks, demand for Algerian oil from Europe declines.

The country therefore experiences a fall in oil revenues (from the quantity side), which has

a direct and large negative impact on its economy. For Norway on the other hand the

reserve-to-production ratio is only 9 years while at the same time Norwegian oil exports

have declined substantially in the last 7 years (by 30%).

For the GCC countries, the income e¤ect of an oil-supply shock is initially positive but

turns negative in the long run. The GCC region (i.e. Saudi Arabia) is a special case as it

reacts to the market, i.e. uses its spare capacity to inject oil into the market when global

supply falls and withdraw when world supply increases. This is precisely why we have

placed oil supply as an endogenous variable in the GCC VARX* model, while treating it

as an exogenous variable in all the other countries. For example, in 2011 following Libya

and Iran oil export shortfalls, Saudi Arabia increased its oil exports by 15%. Therefore,

following the oil supply shock, the GCC region initially experiences a short-run increase in

18See also Blanchard and Gali (2007) who found similar responses for Japan.
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its GDP (as both quantity of oil exports and oil prices increase), but over the medium-term

and with normalization of production �ows, the GCC region cuts back from its production

and exports.

For Indonesia and the UK, the impact of an oil-supply shock on domestic output is

negative. This is expected for the UK, as its oil exports started to decline rapidly in 1999

and it has been a net oil importer since 2006. Indonesian oil production, on the other hand,

peaked in mid 1990s, and the share of oil exports in GDP has been declining steadily over

the past three decades, so the impact should be similar to that of the UK, which is in fact

what we observe. We therefore expect that the role of oil in these economies (as well as

Algeria and Norway) to be di¤erent than major oil exporters (i.e. Canada and Iran).

Overall, while oil-importing countries typically face a long-lived (up to seven years) fall

in economic activity in response to a supply-driven surge in oil prices, the impact is positive

for energy-exporting countries that possess large proven oil/gas reserves and those for which

the oil income to GDP ratio is expected to remain high over a prolonged period. This

result contrasts with the standard literature on "Dutch disease" and the "resource curse",

which primarily focuses on short-run implications of a temporary resource discovery. For

major oil exporters, many of which started oil extraction and exports at the beginning of the

20th century, the reserve-to-extraction ratio indicates that they are capable of producing for

many more decades even in the absence of new oil-�eld discoveries or major advances in oil

exploration and extraction technologies. Therefore, while it is clear that oil and gas reserves

will be exhausted eventually, this is likely to take place over a relatively long period.

Our results are in line with those of 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 and a positive impact (though at times not statistically signi�cant) on advanced

economy oil-exporters (Australia, Canada, Norway, and UK). They are also supported by

Esfahani et al. (2014), who develop an empirical growth model for major oil exporters and

provide estimates for the positive long-run e¤ects of oil income on GDP growth rates for six

OPEC member states (Iran, Kuwait, Libya, Nigeria, Saudi Arabia, and Venezuela).

We also �nd strong in�ationary pressures on the four energy-importing countries (China,

Euro Area, Japan, and the United States), but the responses are negligible or even negative

in net energy-exporting countries. On impact, in�ation increases in all of these oil-importing

countries but the persistence of the responses changes with the magnitude of second-round

e¤ects (arising from cost-push pressures or higher wage demands), the stance of monetary

policy, and the �exibility of labor market in Europe compared with the United States or

Asia. The di¤erent responses of oil-exporters are probably driven by movements of the

real exchange rate in these countries. The real exchange rate tends to appreciate in most
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oil-exporting countries, limiting the pass-through e¤ect of higher international oil prices to

domestic markets (and in�ation). We �nd that the real e¤ective exchange rate responses

vary substantially across di¤erent countries. This could be attributed to the large number

of factors that may a¤ect exchange rates, and the complexity of the mechanisms at play.

Examples include the degree of pro(counter)cyclicality of monetary and �scal polices across

oil-exporting countries, their exchange rate regimes, the degree of trade and �nancial open-

ness, and the (non)existence of nonlinearities in the product and labor markets (e.g. real

wage rigidities). Finally, the interest rate responses after an oil-supply shock are generally in

accordance with the e¤ects on in�ation, i.e. only in oil-importing countries, where monetary

policy is tightened to stabilize the second-round in�ationary pressures.

5.3 Oil-Demand Shocks

The rising demand for commodities by emerging markets� mainly by China and India, but

also the Middle East and Latin America� is a frequently-cited factor in explaining the recent

rise in oil-prices and its eventual impact on the global real economic activity, see for instance

Hamilton (2009) and Kilian (2009), as well as Figure 5. This subsection investigates whether

the macroeconomic e¤ects of a demand-driven oil-price shock are substantially di¤erent from

those of an oil-supply disturbance (examined in Figures 2�4). To do so, we maintain the view

that while the long-term upward trend in commodity prices is re�ective of growing demand,

the short-term increases are often driven more by supply �uctuations.

Figures 6�8 show the median (blue solid) and median target (black long-dashed) impulse

responses of key variables of oil-importing/exporting countries to a demand-driven oil-price

shock, together with the 16th and 84th percentile error bands. Following an oil-demand

shock, almost all countries in our sample experience long-run in�ationary pressures and an

increase in real output. This �nding is not surprising given that the oil-price spike is assumed

to be determined endogenously by a shift in worldwide economic activity. Output can rise

because the country itself is in a boom, or because it indirectly gains from trade with the rest

of the world. These results are echoed by Peersman and Van Robays (2012) who show that

a demand-driven oil-price shock results in a temporary increase of real GDP for their set of

OECD countries. Furthermore, in all major oil-importing countries, interest rates increase

while equity prices fall. Oil-importers encounter a positive cost-push shock in response to

higher commodity prices and face increasing risk/uncertainty caused by oil price volatility

which negatively a¤ects stock prices. Furthermore, oil price hikes are often associated with

in�ationary and foreign exchange pressures, which prompt central banks to raise the short-

term interest rates (especially, if the shock is long-lived: which is usually the case when
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Figure 5: Crude Oil Production and Consumption (in million barrels per day)
by Region, 1970�2011

(a) Oil Production (b) Oil Consumption

Source: Authors�construction based on data from the British Petroleum Statistical Review of World Energy.

higher oil-prices are demand-driven). As shown in the equity pricing model of Huang et al.

(1996), the equity price equals the expected present discounted value of future cash �ows.

Since a higher expected in�ation raises the discount rate, a rise in oil price has a negative

impact on stock market returns. The negative e¤ect of rising oil prices on stock markets in

net oil-importers has also been supported by a number of other researches, including Cheung

and Ng (1998); Sadorsky (1999); and Park and Ratti (2008) among others.

Speci�cally, a positive demand-driven oil price shock leads to an increase in GDP of

systemically-important countries (China, Euro Area, Japan, and the United States) with

this e¤ect being long-lived for all four countries. This �nding suggests that the primary

e¤ect of higher external demand in these economies dominates the contractionary e¤ect of

rising oil prices even in the longer-term. Such responses depend on the reaction of export,

investment, and consumption demand in di¤erent countries to oil price increases, and the

degree of pass-through of international commodity prices to domestic markets. They also

depend on how quick and long-lasting the rise in export volumes are and whether they are

accompanied by a real devaluation (where export prices rise by less than import prices, and

hence the country�s terms of trade improves). If oil price rises are completely passed-though

to consumers, the corresponding loss in domestic purchasing powers would reduce private

consumption and eventually real GDP. For instance, Chinese exporters do not completely

pass-through the higher oil prices to their export products; something which enhances their
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competitiveness and leads to a higher demand for their products.

5.4 Robustness Checks

To check the robustness of our results to the choice of trade weights, we estimate the GVAR

model using two additional sets of �xed trade weights at di¤erent periods in time (averages

over 1996-98 and 2001-03). Overall, the main conclusions of the paper (i.e. the direction of

impulse responses) is not much a¤ected by using these alternative sets of weights, but the

number of admissible models and median target impulse responses change (particularly in

the case of oil-supply shocks). Turning to impulse responses, following an oil-demand shock,

we obtain very similar results to those presented in Section 5.3, particularly for output,

in�ation, interest rates and REER. However, equity price responses of Norway (using both

weights) are positive. Furthermore, in response to oil-supply shocks, the results for output

e¤ects are very close to those presented in Section 5.2, with the exception of the estimates

obtained for Japan (negative) and GCC (negative using 1996-98 weights). Not surprisingly,

the results are a¤ected most in the case of China, where the in�ation and REER estimates

based on the 1996-98 weights are di¤erent (negative), as compared to the estimates obtained

when using weights over 2006-08. This is also true for REER responses of Canada using

both sets of alternative trade weights.

To check the robustness of our results to the choice of impact price elasticity of oil-supply

and oil-demand, we re-estimate a series of GVARmodels using (i) oil-supply elasticity bounds

of twice and three times the baseline number, and (ii) two alternative values for the lower

bound on the impact price elasticity of oil-demand (i.e. -0.1 and -0.8). The elasticity values

chosen in case (i) are consistent with the hypothesis that the short-run oil-supply curve is

steep without imposing it to be near vertical. The estimated results show that changing the

impact price elasticity of oil-supply from 0.025 to 0.05 to 0.1 has little e¤ect on the structural

impulse responses. However, the number of admissible models does change from 95 to 211

to 284, respectively. The impulse responses for di¤erent values of oil-demand elasticity are

very close to those obtained in Section 5.3. Even the number of admissible models does not

change signi�cantly (ranges from 466 to 499, as compared to 495 in the baseline model).

Overall, our results are not sensitive to reasonable changes in the oil-supply and oil-demand

elasticity bounds and are only used for expositional purposes. For brevity, these results are

note reported in the paper but they are available upon request.

Finally, note that the choice of dynamic sign restrictions, as opposed to contemporaneous

ones, is of secondary importance in our GVAR model (relative to restrictions from the

global dimension of the GVAR model or from impact-price elasticities of oil-demand and
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Figure 6: Impact of Oil-Demand Shocks on Major Oil Importers

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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Figure 7: Impact of Oil-Demand Shocks on OPEC Countries

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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Figure 8: Impact of Oil-Demand Shocks on OECD Oil Exporters

Notes: Figures are median (blue solid) and median target (black long-dashed) impulse responses to a one
standard deviation increase in the price of oil, equivalent to around a 12% rise per quarter, together with
the 16th and 84th percentile error bands. The impact is in percentage points and the horizon is quarterly.
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oil-supply). Experimentation with the number of periods over which the sign constraints are

imposed (ranging from zero to 4 quarters) yields qualitatively similar results. We account

for the potential sluggishness in the adjustment of the oil prices by imposing dynamic sign

restrictions, see also Peersman and Van Robays (2012). Such restrictions are also required

to rule out structural models in which production disruptions lead to a decline in the oil

price below its starting level, see Kilian and Murphy (2012) for details.19

6 Concluding Remarks

In this paper, we applied the sign restrictions approach to a Global VAR model including

major oil exporters, estimated for 38 countries/regions over the period 1979Q2 to 2011Q2,

to identify the di¤erential e¤ects of supply-driven versus demand-driven oil-price shocks. To

narrow the set of admissible structural models, we also imposed bounds on impact price

elasticities of oil supply and demand (to rule out those models that imply economically

implausible responses), and utilized the global dimension of the GVARmodel (which provides

a large number of cross-country sign restrictions). These two approaches were shown to be

helpful in calculating impulse responses that are qualitatively/quantitatively similar.

Consistent with the literature, but at a more disaggregated country level and for a wider

range of macroeconomic aggregates, our results indicate that the underlying source of the

oil-price shock is crucial in determining its macroeconomic consequence for oil-importing

countries as well as major commodity exporters. In particular, the di¤erentiation between

a net energy importer and a net oil exporter is only important when studying the macro-

economic e¤ects of a supply-driven oil-price shock. While oil importers typically experience

a long-lived fall in economic activity in response to a supply-driven surge in oil prices, the

impact is positive for energy-exporting countries that possess large proven oil/gas reserves.

Cross-country di¤erences are absent though when it comes to the demand side of the global

crude oil market. In response to an oil-demand disturbance, almost all countries in our

sample experience an increase in real output and face in�ationary pressures.

19Given the importance of the global �nancial crisis, we also re-estimated the model based on a shorter
sample (1979Q2-2008Q2) and obtained very similar results.

31



References

Andrews, D. W. K. and W. Ploberger (1994). Optimal Tests when a Nuisance Parameter

is Present Only Under the Alternative. Econometrica 62 (6), pp. 1383�1414.

Baumeister, C. and G. Peersman (2012). The Role of Time-Varying Price Elasticities in

Accounting for Volatility Changes in the Crude Oil Market. Journal of Applied Economet-

rics.

Baxter, M. and M. A. Kouparitsas (2005). Determinants of Business Cycle Comovement:

A Robust Analysis. Journal of Monetary Economics 52 (1), pp. 113�157.

Blanchard, O. J. and J. Gali (2007). The Macroeconomic E¤ects of Oil Shocks: Why are

the 2000s So Di¤erent from the 1970s? National Bureau of Economic Research (13368).

Canova, F. and G. Nicoló (2002). Monetary Disturbances Matter for Business Fluctuations

in the G-7. Journal of Monetary Economics 49 (6), pp. 1131�1159.

Cashin, P., K. Mohaddes, and M. Raissi (2012). The Global Impact of the Systemic

Economies and MENA Business Cycles. IMF Working Paper WP/12/255 .

Cavalcanti, T. V. d. V., K. Mohaddes, and M. Raissi (2011). Growth, Development and

Natural Resources: New Evidence Using a Heterogeneous Panel Analysis. The Quarterly

Review of Economics and Finance 51 (4), 305�318.

Cavalcanti, T. V. d. V., K. Mohaddes, and M. Raissi (2012). Commodity Price Volatility

and the Sources of Growth. IMF Working Paper WP/12/12 .

Cesa-Bianchi, A., M. H. Pesaran, A. Rebucci, and T. Xu (2012). China�s Emergence in

the World Economy and Business Cycles in Latin America. Economia, The Journal of

LACEA 12, 1�75.

Cheung, Y.-W. and L. K. Ng (1998). International Evidence on the Stock Market and

Aggregate Economic Activity. Journal of Empirical Finance 5 (3), 281�296.

Chudik, A. and M. Fidora (2011). Using the Global Dimension to Identify Shocks with

Sign Restrictions. ECB Working Paper Series No 1318 .

Chudik, A. and M. Fratzscher (2011). Identifying the Global Transmission of the 2007-2009

Financial Crisis in a GVAR Model. European Economic Review 55 (3), 325 �339. Special

Issue: Advances in International Macroeconomics: Lessons from the Crisis.

32

http://www.jstor.org/stable/2951753
http://www.jstor.org/stable/2951753
http://dx.doi.org/10.1002/jae.2283
http://dx.doi.org/10.1002/jae.2283
file:dx.doi.org/10.1016/j.jmoneco.2004.08.002
file:dx.doi.org/10.1016/j.jmoneco.2004.08.002
http://www.nber.org/papers/w13368
http://www.nber.org/papers/w13368
http://dx.doi.org/10.1016/S0304-3932(02)00145-9
http://dx.doi.org/10.1016/S0304-3932(02)00145-9
http://www.imf.org/external/pubs/ft/wp/2012/wp12255.pdf
http://www.imf.org/external/pubs/ft/wp/2012/wp12255.pdf
http://dx.doi.org/10.1016/j.qref.2011.07.007
http://dx.doi.org/10.1016/j.qref.2011.07.007
http://www.imf.org/external/pubs/ft/wp/2012/wp1212.pdf
http://www.imf.org/external/pubs/ft/wp/2012/wp1212.pdf
http://www.econ.cam.ac.uk/faculty/pesaran/wp11/CPRX_ECONOMIA_July27.pdf
http://www.econ.cam.ac.uk/faculty/pesaran/wp11/CPRX_ECONOMIA_July27.pdf
http://dx.doi.org/10.1016/S0927-5398(97)00025-X
http://dx.doi.org/10.1016/S0927-5398(97)00025-X
http://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1318.pdf
http://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1318.pdf
http://dx.doi.org/10.1016/j.euroecorev.2010.12.003
http://dx.doi.org/10.1016/j.euroecorev.2010.12.003


Chudik, A. and V. Smith (2013). The GVAR Approach and the Dominance of the U.S.

Economy. Globalization and Monetary Policy Institute Working Paper 136, Federal Reserve

Bank of Dallas.

Dees, S., F. di Mauro, M. H. Pesaran, and L. V. Smith (2007). Exploring the International

Linkages of the Euro Area: A Global VAR Analysis. Journal of Applied Econometrics 22,

pp. 1�38.

Dees, S., S. Holly, H. Pesaran, and L. V. Smith (2007). Long Run Macroeconomic

Relations in the Global Economy. Economics: The Open-Access, Open-Assessment E-

Journal 1 (2007-3).

Esfahani, H. S., K. Mohaddes, and M. H. Pesaran (2013). Oil Exports and the Iranian

Economy. The Quarterly Review of Economics and Finance 53 (3), 221�237.

Esfahani, H. S., K. Mohaddes, and M. H. Pesaran (2014). An Empirical Growth Model for

Major Oil Exporters. Journal of Applied Econometrics 29 (1), 1�21.

Fattouh, B. (2007). The Drivers of Oil Prices: The Usefulness and Limitations of Non-

Structural model, the Demand�Supply Framework and Informal Approaches. Oxford Insti-

tute for Energy Studies WPM 32 .

Faust, J. (1998). The Robustness of Identi�ed VAR Conclusions About Money. In Carnegie-

Rochester Conference Series on Public Policy, Volume 49, pp. 207�244. Elsevier.

Fry, R. and A. Pagan (2011). Sign Restrictions in Structural Vector Autoregressions: A

Critical Review. Journal of Economic Literature 49 (4), pp. 938�60.

Hamilton, J. (2009). Causes and Consequences of the Oil Shock of 2007-08. Technical

report, National Bureau of Economic Research.

Hansen, B. (1992). E¢ cient Estimation and Testing of Cointegrating Vectors in the Presence

of Deterministic Trends. Journal of Econometrics 53, pp. 87�121.

Harbo, I., S. Johansen, B. Nielsen, and A. Rahbek (1998). Asymptotic Inference on Coin-

tegrating Rank in Partial Systems. Journal of Business & Economic Statistics 16, pp.

388�399.

Hausman, J. A. and W. K. Newey (1995). Nonparametric Estimation of Exact Consumers

Surplus and Deadweight Loss. Econometrica: Journal of the Econometric Society, 1445�

1476.

33

http://EconPapers.repec.org/RePEc:fip:feddgw:136
http://EconPapers.repec.org/RePEc:fip:feddgw:136
http://dx.doi.org/10.1002/jae.932
http://dx.doi.org/10.1002/jae.932
http://dx.doi.org/10.5018/economics-ejournal.ja.2007-3
http://dx.doi.org/10.5018/economics-ejournal.ja.2007-3
http://dx.doi.org/10.1016/j.qref.2012.07.001
http://dx.doi.org/10.1016/j.qref.2012.07.001
http://dx.doi.org/10.1002/jae.2294
http://dx.doi.org/10.1002/jae.2294
http://www.oxfordenergy.org/pdfs/WPM32.pdf
http://www.oxfordenergy.org/pdfs/WPM32.pdf
http://dx.doi.org/10.1016/S0167-2231(99)00009-3
http://www.aeaweb.org/articles.php?doi=10.1257/jel.49.4.938
http://www.aeaweb.org/articles.php?doi=10.1257/jel.49.4.938
http://www.nber.org/papers/w15002
http://www.sciencedirect.com/science/article/B6VC0-459J793-4T/2/3d9f0485c8aa08e7935cfb758e0fec30
http://www.sciencedirect.com/science/article/B6VC0-459J793-4T/2/3d9f0485c8aa08e7935cfb758e0fec30
http://www.jstor.org/stable/1392608
http://www.jstor.org/stable/1392608
http://www.jstor.org/stable/2171777
http://www.jstor.org/stable/2171777


Huang, R., R. Masulis, and H. Stoll (1996). Energy Shocks and Financial Markets. Journal

of Futures Markets 16 (1), 1�27.

International Monetary Fund, . (2011). Chapter 3: Oil Scarcity, Growth, and Global

Imbalances. World Economic Outlook (April).

International Monetary Fund, . (2012). Chapter 4: Commodity Price Swings and Com-

modity Exporters. World Economic Outlook (April).

Johansen, S. (1992). Cointegration in Partial Systems and the E¢ ciency of Single-equation

Analysis. Journal of Econometrics 52 (3), pp. 389�402.

Kilian, L. (2009). Not All Oil Price Shocks Are Alike: Disentangling Demand and Supply

Shocks in the Crude Oil Market. The American Economic Review 99 (3), pp. 1053�1069.

Kilian, L. and D. Murphy (2012). The Role of Inventories and Speculative Trading in the

Global Market for Crude Oil. Journal of Applied Econometrics, forthcoming.

Kilian, L., A. Rebucci, and N. Spatafora (2009). Oil Shocks and External Balances. Journal

of International Economics 77 (2), 181 �194.

Lee, K. and M. H. Pesaran (1993). Persistence Pro�les and Business Cycle Fluctuations in

a Disaggregated Model of UK Output Growth. Ricerche Economiche 47, pp. 293�322.

MacKinnon, J. G. (1991). Critical Values for Cointegration Tests. In R. Engle and

C. Granger (Eds.), Long-Run Economic Relationships: Readings in Cointegration, Chap-

ter 13, pp. 267�276. Oxford University Press.

Mohaddes, K. and M. Raissi (2011). Oil Prices, External Income, and Growth: Lessons

from Jordan. IMF Working Paper WP/11/291 .

Mohaddes, K. and O. H. Williams (2013). In�ation Di¤erentials in the GCC: Does the Oil

Cycle Matter? Middle East Development Journal 5:2.

Nyblom, J. (1989). Testing for the Constancy of Parameters Over Time. Journal of the

American Statistical Association 84 (405), pp. 223�230.

Park, H. and W. Fuller (1995). Alternative Estimators and Unit Root Tests for the Au-

toregressive Process. Journal of Time Series Analysis 16, pp. 415�429.

Park, J. and R. A. Ratti (2008). Oil Price Shocks and Stock Markets in the U.S. and 13

European Countries. Energy Economics 30 (5), 2587 �2608.

34

http://papers.ssrn.com/sol3/papers.cfm?abstract_id=900741
http://www.imf.org/external/pubs/ft/weo/2011/01/pdf/c3.pdf
http://www.imf.org/external/pubs/ft/weo/2011/01/pdf/c3.pdf
http://www.imf.org/external/pubs/ft/weo/2012/01/pdf/c4.pdf
http://www.imf.org/external/pubs/ft/weo/2012/01/pdf/c4.pdf
http://dx.doi.org/10.1016/0304-4076(92)90019-N
http://dx.doi.org/10.1016/0304-4076(92)90019-N
http://www.jstor.org/stable/25592494
http://www.jstor.org/stable/25592494
http://www.cftc.gov/ucm/groups/public/@swaps/documents/file/plstudy_28_cepr.pdf
http://www.cftc.gov/ucm/groups/public/@swaps/documents/file/plstudy_28_cepr.pdf
http://dx.doi.org/10.1016/j.jinteco.2009.01.001
http://www.sciencedirect.com/science/article/B6WWV-4DBJ9VW-W/2/776ee14ea3deefdbbf5678cddb827ff9
http://www.sciencedirect.com/science/article/B6WWV-4DBJ9VW-W/2/776ee14ea3deefdbbf5678cddb827ff9
http://www.imf.org/external/pubs/ft/wp/2011/wp11291.pdf
http://www.imf.org/external/pubs/ft/wp/2011/wp11291.pdf
http://www.imf.org/external/pubs/ft/wp/2011/wp11294.pdf
http://www.imf.org/external/pubs/ft/wp/2011/wp11294.pdf
http://www.jstor.org/stable/2289867
http://www3.interscience.wiley.com/journal/119834622/abstract
http://www3.interscience.wiley.com/journal/119834622/abstract
http://www.sciencedirect.com/science/article/pii/S0140988308000571
http://www.sciencedirect.com/science/article/pii/S0140988308000571


Peersman, G. and I. Van Robays (2012). Cross-country Di¤erences in the E¤ects of Oil

Shocks. Energy Economics 34 (5), pp. 1532�1547.

Pesaran, M. H. (2004). General Diagnostic Tests for Cross Section Dependence in Panels.

CESifo Working Paper 1229.

Pesaran, M. H. and B. Pesaran (2009). Micro�t 5.0: An Interactive Econometric Software

Package. Oxford University Press, Oxford.

Pesaran, M. H. and Y. Shin (1996). Cointegration and Speed of Convergence to Equilibrium.

Journal of Econometrics 71, pp. 117�143.

Pesaran, M. H., Y. Shin, and R. J. Smith (2000). Structural Analysis of Vector Error

Correction Models with Exogenous I(1) Variables. Journal of Econometrics 97, pp. 293�

343.

Pesaran, M. H., L. Vanessa Smith, and R. P. Smith (2007). What if the UK or Sweden

had Joined the Euro in 1999? An Empirical Evaluation Using a Global VAR. International

Journal of Finance & Economics 12 (1), 55�87.

Ploberger, W. and W. Krämer (1992). The CUSUM Test with OLS Residuals. Economet-

rica 60 (2), pp. 271�285.

Quandt, R. E. (1960). Tests of the Hypothesis that a Linear Regression System Obeys Two

Separate Regimes. Journal of the American Statistical Association 55 (290), pp. 324�330.

Raissi, M. (2011). A Linear Quadratic Approach to Optimal Monetary Policy with Unem-

ployment and Sticky Prices: The Case of a Distorted Steady State. Cambridge Working

Papers in Economics No 1146 .

Sadorsky, P. (1999). Oil Price Shocks and Stock Market Activity. Energy Economics 21 (5),

449 �469.

Smith, L. and A. Galesi (2010). GVAR Toolbox 1.1. University of Cambridge: Judge

Business School.

Uhlig, H. (2005). What Are the E¤ects of Monetary Policy on Output? Results from an

Agnostic Identi�cation Procedure. Journal of Monetary Economics 52 (2), pp. 381�419.

35

http://dx.doi.org/10.1016/j.eneco.2011.11.010
http://dx.doi.org/10.1016/j.eneco.2011.11.010
http://www.cesifo-group.de/DocCIDL/cesifo1_wp1229.pdf
http://www.ingentaconnect.com/content/els/03044076/1996/00000071/00000001/art01697
http://www.sciencedirect.com/science/article/B6VC0-40V4CV6-4/2/2750c5abc4246b7daba6a44527af4961
http://www.sciencedirect.com/science/article/B6VC0-40V4CV6-4/2/2750c5abc4246b7daba6a44527af4961
http://dx.doi.org/10.1002/ijfe.312
http://dx.doi.org/10.1002/ijfe.312
http://www.jstor.org/stable/2951597
http://www.jstor.org/stable/2281745
http://www.jstor.org/stable/2281745
http://www.econ.cam.ac.uk/dae/repec/cam/pdf/cwpe1146.pdf
http://www.econ.cam.ac.uk/dae/repec/cam/pdf/cwpe1146.pdf
http://www.sciencedirect.com/science/article/pii/S0140988399000201
file:www-cfap.jbs.cam.ac.uk/research/gvartoolbox/index.html
http://dx.doi.org/10.1016/j.jmoneco.2004.05.007
http://dx.doi.org/10.1016/j.jmoneco.2004.05.007


A Data Appendix

A.1 Real GDP

We use the International Monetary Fund (IMF) International Financial Statistics (IFS) and

World Economic Outlook (WEO) databases to compile the real GDP data. The 18 countries

that we add to the GVAR dataset of Smith and Galesi (2010) are divided into two groups.

First, those for which quarterly data are available. Second, those for which annual data are

available.

For the �rst group (Ecuador, Egypt, Iran, Jordan, Morocco, and Tunisia), we use the

IFS 99BVPZF series (GDP VOL) when available� quarterly data on GDP are reported since

1991Q1, 2002Q1, 1988Q1, 1992Q1, 1990Q1, and 2000Q1 for Ecuador, Egypt, Iran, Jordan,

Morocco, and Tunisia, respectively. We seasonally adjust these quarterly observations using

the U.S. Census Bureau�s X-12 ARIMA seasonal adjustment program.20 Quarterly series

are then interpolated (backwards) linearly from the annual series� either from the IFS or

WEO� using the same method as that applied by Dees et al. (2007).

For the second group (Algeria, Bahrain, Kuwait, Lebanon, Libya, Mauritania, Nigeria,

Oman, Qatar, Syria, Venezuela, and UAE), either the annual seasonally unadjusted IFS

series (BVPZF and B..ZF) or the WEO real GDP series are interpolated to obtain the

quarterly values. These series are then treated as the quarterly seasonally unadjusted data.

A.2 Consumer price index

We obtain seasonally adjusted quarterly observations on the consumer price index (CPI)

for all added countries from the International Monetary Fund�s INS database. Quarterly

data on CPI are available since 1991Q1, 1980Q1, 2003Q2, and 1980Q1 for Lebanon, Oman,

Qatar, and United Arab Emirates, respectively. Annual WEO CPI series are interpolated

linearly (backwards) to obtain quarterly observations for the missing values for these four

countries.

A.3 Exchange rates

The IFS AE.ZF series are collected for all added 18 countries from the IMF IFS database.
20For further information see U.S. Census Bureau (2007): X-12-ARIMA Reference Manual at

http://www.census.gov/srd/www/x12a/
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A.4 Short term interest rates

The IMF IFS database is the main source of data for short-term interest rates. The IFS

discount rate (60...ZF series) is used for Algeria, Ecuador, Jordan, Lebanon, Mauritania,

and Venezuela. The IFS deposit rate (60L..ZF series) is used for Bahrain, Egypt, Nigeria,

Oman, Qatar, and Syria. The IFS three-month interbank deposit rate or the money market

rate (60B..ZF series) is used for Kuwait and Tunisia.

A.5 PPP-GDP weights

The main source for the country-speci�c GDP weights is the World Development Indicator

database of the World Bank.

A.6 Trade matrices

To construct the trade matrices, we use the direction of trade statistics from the International

Monetary Fund�s Direction of Trade Statistics (DOTS) database. For all the countries

considered we downloaded the matrix of exports and imports (c.i.f.) with annual frequency.

The 38� 38 trade-weight matrix is provided in Table 7.
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B Country-Speci�c Estimates and Tests

Initial estimations and tests of the individual VARX*(si; s�i ) models are conducted under the

assumption that the country-speci�c foreign and global variables are weakly exogenous and

integrated of order one, I (1), and that the parameters of the models are stable over time.

As both assumptions are needed for the construction and the implementation of the GVAR

model, we will test and provide evidence for these assumptions in Sections B.3 and B.4.

B.1 Unit Root Test

For the interpretation of the long-run relations, and also to ensure that we do not work with

a mixture of I(1) and I(2) variables, we need to consider the unit root properties of the core

variables in our country-speci�c models, see Table 4. If the domestic, xit, foreign, x�it, and

global, dt, variables included in the country-speci�c models are indeed integrated of order

one, I (1), we are not only able to distinguish between short- and long-run relations, but

also to interpret the long-run relations as cointegrating. Therefore, we perform Augmented

Dickey-Fuller (ADF) tests on the level and �rst di¤erences of all the variables. However, as

the power of unit root tests are often low, we also utilize the weighted symmetric ADF test

(ADF-WS) of Park and Fuller (1995), as it has been shown to have better power properties

than the ADF test. This analysis results in over 3200 unit root tests, which overall, as a

�rst-order approximation, support the treatment of the variables in our model as being I(1).

For brevity, these test results are not reported here but are available upon request.

B.2 Lag Order Selection, Cointegrating Relations, and Persis-

tence Pro�les

We use quarterly observations over the period 1979Q2�2011Q2, across the di¤erent speci�ca-

tions in Table 4, to estimate the 38 country/region-speci�c VARX*(si; s�i ) models. However,

prior to estimation we need to determine the lag orders of the domestic and foreign variables,

si and s�i . For this purpose, we use the Akaike Information Criterion (AIC) applied to the

underlying unrestricted VARX* models. Given the constraints imposed by data limitations,

we set the maximum lag orders to smax = 2 and s�max = 1. The selected VARX* orders are

reported in Table 8, from which we can see that for most countries a VARX*(2; 1) speci�ca-

tion seems satisfactory, except for seven countries (Australia, Egypt, Iran, Malaysia, Mexico,

Singapore, and the United Kingdom) for which s = s� = 1 is selected by AIC.

Having established the order of the 38 VARX* models, we proceed to determine the num-

ber of long-run relations. Cointegration tests with the null hypothesis of no cointegration,
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Table 8: Lag Orders of the Country-speci�c VARX*(s,s*) Models together with
the Number of Cointegrating Relations (r)

VARX* Order Cointegrating VARX* Order Cointegrating
Country si s�i relations (ri) Country si s�i relations (ri)

Algeria 2 1 1 Morocco 2 1 1
Argentina 2 1 2 Mauritania 2 1 1
Australia 1 1 3 Mexico 1 1 2
Brazil 2 1 1 Nigeria 2 1 2
Canada 2 1 2 Norway 2 1 3
China 2 1 1 New Zealand 2 1 3
Chile 2 1 2 Peru 2 1 1
Ecuador 2 1 1 Philippines 2 1 1
Egypt 1 1 2 South Africa 2 1 1
Euro Area 2 1 1 Singapore 1 1 2
GCC 2 1 2 Sweden 2 1 3
India 2 1 1 Switzerland 2 1 2
Indonesia 2 1 2 Syria 2 1 2
Iran 1 1 1 Thailand 2 1 2
Japan 2 1 2 Tunisia 2 1 1
Jordan 2 1 3 Turkey 2 1 1
Korea 2 1 1 UK 1 1 1
Libya 2 1 1 USA 2 1 2
Malaysia 1 1 1 Venezuela 2 1 1

Notes: si and s�i denote the lag order for the domestic and foreign variables respectively and are selected
by the Akaike Information Criterion (AIC). The number of cointegrating relations (ri) are selected using
the trace test statistics based on the 95% critical values from MacKinnon (1991) for all countries except
for Australia, Euro Area, Indonesia, Iran, Japan, Malaysia, South Africa, Singapore, Switzerland, Thailand,
Tunisia, and the United States, for which we use the 95% simulated critical values computed by stochastic
simulations and 1000 replications, and for Canada, China, Korea, Peru, Philippines, the UK, for which we
reduced ri below that suggested by the trace statistic to ensure the stability of the global model.
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one cointegrating relation, and so on are carried out using Johansen�s maximal eigenvalue

and trace statistics as developed in Pesaran et al. (2000) for models with weakly exogenous

I (1) regressors, unrestricted intercepts and restricted trend coe¢ cients. We choose the num-

ber of cointegrating relations (ri) based on the trace test statistics (using asymptotic and

simulated critical values), given that it has better small sample properties than the maximal

eigenvalue test, initially using the 95% critical values from MacKinnon (1991).21

We then consider the e¤ects of system-wide shocks on the exactly identi�ed cointegrating

vectors using persistence pro�les developed by Lee and Pesaran (1993) and Pesaran and Shin

(1996). On impact the persistence pro�les (PPs) are normalized to take the value of unity,

but the rate at which they tend to zero provides information on the speed with which

equilibrium correction takes place in response to shocks. The PPs could initially over-shoot,

thus exceeding unity, but must eventually tend to zero if the vector under consideration is

indeed cointegrated. In our preliminary analysis of the PPs we noticed that the speed of

convergence was very slow for some countries, and for a few, the system-wide shocks never

really died out. In particular, the speed of adjustment was very slow for the following 18

countries (with ri based on critical values from MacKinnon (1991) in brackets): Australia

(4), Canada (4), China (2), Euro Area (2), Indonesia (3), Iran (2), Japan (3), Korea (4),

Malaysia (2), Peru (3), Philippines (2), South Africa (2), Singapore (3), Switzerland (3),

Thailand (3), Tunisia (2), the United Kingdom (2), and the United States (3).

Moreover, we noticed that a couple of eigenvalues of the GVAR model were larger than

unity; rendering the global model unstable. To deal with this issue, and the possible over-

estimation of the number of cointegrating relations (using asymptotic critical values), we

estimated a cointegrating VARX* model using the lag orders in Table 8 for each of the 18

countries separately. We then used the trace test statistics together with the 95% simulated

critical values (computed by stochastic simulations using 127 observations from 1979Q4 to

2011Q2 and 1000 replications), to determine the number of cointegrating vectors.22

The �nal selection of the number of cointegrating relations is reported in Table 8. To

summarize, for 20 countries/regions in our sample (out of 38), the number of cointegrating

vectors was selected based on �asymptotic critical values� as the persistence pro�les were

well-behaved. For 12 countries/regions, the number of cointegrating vectors was selected

based on �simulated critical values�to account for �small-sample properties�of the estimated

VARX* models but again using the trace statistic. For the remaining 6 countries (Canada,

China, Korea, Peru, Philippines, and the UK), the number of cointegrating vectors was

21For brevity, the lag order and cointegration test results are not reported here but are available upon
request.
22The estimations were done in Micro�t 5.0. For further technical details see Pesaran and Pesaran (2009),

Section 22.10.
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Figure 9: Persistence Pro�les of the E¤ect of a System-wide Shock to the Coin-
tegrating Relations

Notes: Figures are median e¤ects of a system-wide shock to the cointegrating relations with 95% boot-
strapped con�dence bounds.
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reduced to less than what was suggested by the trace statistic in a stepwise procedure.

Speci�cally, we re-estimated the global model reducing the number of cointegrating relations

(for these 6 countries only) one by one, and re-examined the persistence pro�les after each

estimation to ensure stability of the model.23

The persistence pro�les for the set of 16 focus countries, the four largest oil importers

and 12 oil exporters in our model (see Table 1), together with their 95% bootstrapped error

bands are provided in Figure 9. The pro�les overshoot for only 5 out of the 25 cointegrating

vectors before quickly tending to zero. The speed of convergence is very fast, the half-life

of the shocks are generally less than 3 quarters, and equilibrium is established before 6

years in all cases except for Libya. Amongst the 16 countries, Iran shows the fastest rate

of convergence (around 3 years),24 and Libya the slowest rate of convergence (8-9 years).

The 95% error bands are quite tight and initially widen somewhat before narrowing to zero.

The speed of convergence, although relatively fast, is in line with that observed for major

oil exporters in Esfahani et al. (2014).

B.3 Testing the Weak Exogeneity Assumption

Weak exogeneity of the country-speci�c foreign variables, x�it =
�
y�it; �

�
it; eq

�
it; r

�S
it ; r

�L
it

�0
, and

the global variables, poilt and qoilt , with respect to the long-run parameters of the conditional

model is vital in the construction and the implementation of the GVAR model. We formally

test this assumption following the procedure in Johansen (1992) and Harbo et al. (1998). To

this end, we �rst estimate the 38 VARX*(si; s�i ) models separately under the assumption that

the foreign and global variables are weakly exogenous. We then run the following regression

for each lth element of x�it :

�x�it;l = �il +

riX
j=1

ij;lECM
j
i;t�1 +

siX
k=1

'ik;l�xi;t�k +

niX
m=1

#im;l�ex�i;t�m + "it;l; (14)

where ECM j
i;t�1, j = 1; 2; :::; ri, are the estimated error correction terms corresponding to the

ri cointegrating relations found for the ith country model, ni = 2 (although it could be set

equal to s�i ), and �ex�it = ��x0�it ; �reer�it;�poilt ;�qoilt �0.25 Under the null hypothesis that the
variables are weakly exogenous, the error correction term must not be signi�cant; therefore,

23This stepwise procedure is common in the GVAR literature. See Cesa-Bianchi et al. (2012) for an
example in which the number of cointegration relations is reduced for a number of countries in their sample to
address the issue of possible overestimation of the number of cointegration relationships based on �asymptotic
critical values�and to ensure the stability of the global model.
24The fast convergence for Iran is also documented in Esfahani et al. (2013).
25Note that the models for U.S. and the GCC are speci�ed di¤erently, see the discussion in Section 4.2.
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the formal test for weak exogeneity is an F -test of the joint hypothesis that ij;l = 0 for

each j = 1; 2; :::; ri in equation (14). The test results together with the 95% critical values

are reported in Table 9, from which we see that the weak exogeneity assumption cannot be

rejected for the overwhelming majority of the variables considered. In fact, only 7 out of 263

exogeneity tests turned out to be statistically signi�cant at the 5% level.

More speci�cally, in terms of the variables in x�it, only foreign output in the Indonesian

model and foreign short-term interest rates in the model for Argentina, Japan, and Nigeria

cannot be considered as weakly exogenous. This assumption is also rejected for the price of oil

in the Canadian model, and oil production in the Euro Area and Iranian models.26 However,

considering the signi�cance level assumed here, even if the weak exogeneity assumption is

always valid, we would expect up to 14 rejections, 5% of the 263 tests. Therefore, overall,

the available evidence in Table 9 supports our treatment of the foreign and global variables

in the individual VARX* models as weakly exogenous.

B.4 Testing for Structural Breaks

Although the possibility of structural breaks is a fundamental problem in macroeconomic

modelling in general, this is more likely to be a concern for a particular set of countries in

our sample (i.e., emerging economies and non-OECD oil exporters) which have experienced

both social and political changes since 1979. However, given that the individual VARX*

models are speci�ed conditional on the foreign variables in x�it, they are more robust to the

possibility of structural breaks in comparison to reduced-form VARs, as the GVAR setup

can readily accommodate co-breaking. See Dees et al. (2007) for a detailed discussion.

We test the null of parameter stability using the residuals from the individual reduced-

form error correction equations of the country-speci�c VARX*(si; s�i )models, initially looking

at the maximal OLS cumulative sum statistic (PKsup) and its mean square variant (PKmsq)

of Ploberger and Krämer (1992). We also test for parameter constancy over time against

non-stationary alternatives as proposed by Nyblom (1989) (NY ), and consider sequential

Wald statistics for a single break at an unknown change point. More speci�cally, the mean

Wald statistic of Hansen (1992) (MW ), the Wald form of the Quandt (1960) likelihood

ratio statistic (QLR), and the Andrews and Ploberger (1994) Wald statistics based on the

exponential average (APW ). Finally, we also examine the heteroscedasticity-robust versions

of NY , MW , QLR, and APW:

Table 10 presents the number of rejections of the null hypothesis of parameter constancy

per variable across the country-speci�c models at the 5% signi�cance level. For brevity,

26We re-estimated another GVAR model in which qoilt was not included as a foreign variable in the Euro
Area and the Iranian models, and obtained very similar results.

44



Table 9: F-Statistics for Testing the Weak Exogeneity of the Country-Speci�c
Foreign Variables, Oil Prices, and Oil Production

Notes: * denotes statistical signi�cance at the 5% level.
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Table 10: Number of Rejections of the Null of Parameter Constancy per Variable
across the Country-speci�c Models at the 5 percent Signi�cance Level

Tests y � eq (e� p) rS rL Total

PKsup 5 4 2 1 2 0 14(7:8)
PKmsq 4 1 0 1 0 0 6(3:4)
NY 8 5 4 5 4 6 32(17:9)
robust-NY 5 2 5 2 1 3 18(10:1)
QLR 22 18 20 18 9 7 94(52:5)
robust-QLR 6 4 6 2 6 4 28(15:6)
MW 12 10 10 9 6 6 53(29:6)
robust-MW 10 6 3 3 6 5 33(18:4)
APW 17 18 20 18 9 7 89(49:7)
robust-APW 7 5 6 3 6 4 31(17:3)

Notes: The test statistics PKsup and PKmsq are based on the cumulative sums of OLS residuals, NY is the
Nyblom test for time-varying parameters and QLR, MW and APW are the sequential Wald statistics for a
single break at an unknown change point. Statistics with the pre�x �robust�denote the heteroskedasticity-
robust version of the tests. All tests are implemented at the 5% signi�cance level. The number in brackets
are the percentage rejection rates.

test statistics and bootstrapped critical values are not reported here but are available on

request. Overall, it seems that most regression coe¢ cients are stable, however, the results

vary considerably across di¤erent tests. In the case of the two PK tests, the null hypothesis

is rejected between 3:4 � 7:8% of the time. For the NY , MW , QLR; and APW tests on

the other hand, we note that the rejection rate is much larger, between 17:9 � 52:5%. The
QLR and APW rejection rates, for the joint null hypothesis of coe¢ cient and error variance

stability, are particularly high with 94 and 89 cases respectively out of 179 being rejected.

However, looking at the robust version of these tests, we note that the rejection rate falls

considerably to between 10.1% and 18.4%. Therefore, although we �nd some evidence for

structural instability, it seems that possible changes in error variances rather than parameter

coe¢ cients is the main reason for this. We deal with this issue by using bootstrapped means

and con�dence bounds when undertaking the impulse response analysis. Table 11 presents

the break dates with the QLR statistics at the 5% signi�cance level.
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Table 11: Break Dates Computed with Quandt�s Likelihood Ratio Statistic

Country y � rS reer eq rL qoil poil

Algeria 2000Q4 1987Q2 1995Q1 1991Q1
Argentina 1994Q3 1990Q2 1990Q2 1990Q2 1988Q2
Australia 1989Q3 1988Q2 1987Q4 1993Q3 1988Q4 1987Q3
Brazil 1990Q1 1989Q3 1989Q3 1999Q1
Canada 1987Q3 2001Q3 1990Q2 2001Q4 1988Q1 1990Q1
China 1994Q4 1988Q3 1993Q2 1990Q4
Chile 1987Q2 1987Q2 1993Q2 2003Q3 1987Q2
Ecuador 1990Q1 1994Q1 1992Q3 1999Q3
Egypt 1999Q1 1990Q1 2003Q3 1990Q1
Euro Area 1987Q4 1992Q2 1987Q2 1999Q4 1999Q2 1989Q2
GCC 1992Q1 1995Q2 1994Q4 1998Q2
India 1997Q2 1998Q4 1994Q4 1992Q1 1993Q2
Indonesia 1987Q2 1997Q4 1997Q2 1998Q1
Iran 1987Q2 1991Q1 1992Q2
Japan 1991Q4 1989Q1 1987Q3 1995Q2 1992Q4 1995Q4
Jordan 1992Q2 1987Q2 1998Q2 1993Q4
Korea 1997Q2 1987Q2 1997Q4 1997Q3 1996Q2 1989Q2
Libya 2003Q3 1987Q2 2001Q4
Malaysia 1997Q3 2003Q3 1998Q2 1990Q2 1998Q3
Morocco 1991Q2 1987Q3 1987Q2
Mauritania 1994Q4 1987Q2 1997Q4 1987Q2
Mexico 1991Q1 1988Q1 1988Q1 1995Q1
Nigeria 1987Q2 1990Q2 1990Q3 1998Q4
Norway 1988Q4 2002Q3 1995Q2 1997Q1 1987Q2 1990Q4
New Zealand 1988Q2 1987Q2 1987Q2 1999Q2 1991Q2 1987Q2
Peru 1990Q3 1990Q4 1989Q4 1989Q4
Philippines 1987Q4 1987Q2 1990Q2 1990Q2 1987Q2
South Africa 1987Q2 1993Q2 1996Q2 1988Q2 1987Q4 1995Q2
Singapore 2000Q1 1987Q2 1995Q3 1998Q1 1991Q3
Sweden 1993Q3 1987Q3 1987Q2 1993Q1 1987Q3 1987Q2
Switzerland 2000Q3 1987Q3 1989Q2 1989Q2 1987Q4 1992Q2
Syria 1988Q4 1991Q4 1988Q1
Thailand 1997Q3 1987Q3 1994Q4 1997Q2 1990Q3
Tunisia 1989Q1 1987Q4 1990Q1 1988Q2
Turkey 1994Q1 1994Q2 1994Q2 1989Q1
UK 1987Q2 1990Q4 1987Q2 1987Q2 1992Q4 1987Q2
USA 2002Q3 2002Q4 1987Q2 2000Q2 1996Q1 1999Q3
Venezuela 1990Q1 1989Q4 1994Q2 1990Q2

Notes: All tests are implemented at the 5% signi�cance level.
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