
 
 

University of Birmingham

Macroeconomic and financial implications of multi-
dimensional interdependencies between OECD
countries
Sevinc, Deniz; Mata Flores, Edgar

DOI:
10.1002/ijfe.1814

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Sevinc, D & Mata Flores, E 2020, 'Macroeconomic and financial implications of multi-dimensional
interdependencies between OECD countries', International Journal of Finance and Economics.
https://doi.org/10.1002/ijfe.1814

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 20. Apr. 2024

https://doi.org/10.1002/ijfe.1814
https://doi.org/10.1002/ijfe.1814
https://birmingham.elsevierpure.com/en/publications/a0dc412c-ce7e-40ff-a8e4-0eaa2577776c


R E S E A R CH AR T I C L E

Macroeconomic and financial implications of
multi-dimensional interdependencies between
OECD countries

Deniz Sevinc1 | Edgar Mata Flores2

1City Region Economic and Development
Institute, Birmingham Business School,
University of Birmingham,
Birmingham, UK
2Department of Economics, University of
Leicester, Leicester, UK

Correspondence
Edgar Mata Flores, Department of
Economics, University of Leicester,
Leicester, UK.
Email: edgar.mata@alumni.manchester.
ac.uk

Abstract

This paper uses a complex structure of factors of exposure to international

shocks for the analysis of regional and inter-regional effects of a variety of finan-

cial shocks across Organization for Economic Co-operation and Development

(OECD) economies. Those factors (trade, finance, migration and others) are

incorporated in a coherent and comparable scheme which, based on observed

data, describes pair-wise, directionally asymmetric exposures to foreign econo-

mies in the sample. Through a global vector auto-regressive setting, a systemic

approach characterizes our modelling by the means of which several standard-

ized shocks are simulated varying the region of origin to compare their effects

and spillovers. In the depicted map of risks, the shocks are of particular rele-

vance to both wholesale and retail credit markets, stock and commodities mar-

kets and also for the management of monetary and fiscal policies in open

economies. The diversity of responses between OECD regions is useful to under-

stand the asymmetric impacts and degrees of relative vulnerability towards dis-

turbances in international markets. A subset of Eurozone countries, for

example, consistently shows significant sensitivity to foreign shocks. Other

Eurozone countries experience a lower degree of imported volatility while Asia-

Pacific appears to be more resilient to shocks in OECD regions. In turn, the sig-

nificance of the impacts of shocks in the North American Free Trade Agreement

region is large enough for them to be close representations of global shocks.
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1 | INTRODUCTION

After the 2007–2008 financial crisis, which displayed
such a large magnitude and widespread impact, the
economic and financial linkages between countries

have acquired an even greater relevance for the analy-
sis of macroeconomic and financial policies. To develop
a suitable classification of their distinctive characteris-
tics, a detailed investigation on the specific nature of
those linkages is vital. We contribute to the current
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literature with a detailed, joint scrutiny of key drivers
for a better understanding of the operating mechanisms
of international propagation of shocks as well as of the
distinctive, sometimes contrasting, features that they
display in different regions of the global economy.
Despite the vast amount of literature on intra-EU mac-
roeconomic interdependencies (e.g., Nicolini &
Resmini, 2010; Ricci-Risquete & Ramajo-Hernández,
2015), spillovers particularly generated from the United
States (e.g., Bae & Karolyi, 1994; Colombo, 2013;
Bayoumi & Bui, 2010) and from Asian countries
(e.g., Khalid & Kawai, 2003; Diebold & Yilmaz, 2009),
the characteristics of these channels of transmission
have not been sufficiently addressed in depth across a
wider geographical scope.

This study makes two main contributions aiming
to provide a more holistic understanding of cross-
country dynamics. First, we address both the similari-
ties as well as the consequential heterogeneities across
a wide geographical area to analyse the impacts of
financial and macroeconomic disturbances across
countries in five Organization for Economic Co-
operation and Development (OECD) sub-regions. As
an econometric strategy, we have used the recently
developed global vector auto-regressive (GVAR)
approach (Pesaran, Schuermann, & Weiner, 2004;
Pesaran & Smith, 2006), which allows for a rich and
flexible modelling of macroeconomic interdepen-
dencies across countries, while keeping the element of
dimensionality controllable. The GVAR framework is
applied to conduct an empirical examination of the
consequences of shocks transmitted between member
states. The study includes an empirical identification
and measurement of the macroeconomic and financial
spillovers between five main OECD regions: (a) Euro-
zone advanced economies, (b) Other Euro-zone econo-
mies, (c) non-Eurozone European economies, (d) the
North American Free Trade Agreement (NAFTA)
region and (e) the Asia-Pacific region. The inclusion of
these groups of economies is a reflection of our wider
approach to international linkages and inter-
dependencies which, at the same time, takes into
account the specificities of the analysed regions.

Second, the study makes the case for the inclusion
of additional components beyond the traditional link-
ages approach (frequently summarized by the means
of trade statistics) to consider, instead, a multi-
dimensional linking matrix helpful for an enhanced
depiction of cross-country sensitivities and dynamics.
The selection of components used to capture interde-
pendencies between countries constitutes, nonetheless,
a harmonious and mutually complementary set of rep-
resentative factors. The analysis of cross-country effects

is frequently based on either trade or financial link-
ages (see, among others Bussière, Chudik, and Sestieri
(2009), Chudik and Fratzscher (2011) and Hiebert and
Vansteenkiste (2010) or, less frequently, some combination
of the two. Those depictions still leave a significant space
for the development of more comprehensive schemes, able
to encompass fundamental channels of interaction.

In this sense, our study provides a wide description
of sensitivities across country groups relying not only
on the use of trade weights, but also through the incor-
poration of the exposures associated to financial link-
ages, geographical proximities and migration flows, all
of which help to summarize relevant channels influenc-
ing cross-country dynamics. The analysis of linkages
between economies in the OECD is performed by par-
titioning a list of selected economies into the mentioned
five regional groups with the objective of generating
comparative conclusions on those bases.

Our results provide a detailed description of interac-
tions across regions of the world economy taking the
form of valuable information on the relative impact and
persistence of selected regional and global shocks as well
as on their inter-regional spillovers. Particularly, the
study focuses on the measurement and comparison of the
outcomes and pass-through effects arising after distur-
bances on key variables representing the conditions of
financial markets across the sample of heterogeneous but
multi-dimensionally linked economies. This way, the
approach adopted by our empirical application widens
the perspective of previous studies through the use of an
innovative weighting scheme for a set of macroeconomic
and financial variables, relevant in the analysis of under-
lying factors operating in the aftermath of simulated
regional and global shocks.

Policy makers interested in assessing the effects of
financial shocks on economic performance should be
aware of the advantages brought about by the wider per-
spective taking the form of a multi-dimensional link
matrix measuring the relative relevance of key channels
of transmission between heterogeneous economies. Such
a link matrix, thus, not only aids to sharpen the focus on
interactions but also helps to develop a comprehensive
analysis of cross-country dynamics.

The remainder of this paper is organized as follows:
Section 2 discusses key research experiences in terms of
their contributions and limitations in the analysis of
international linkages, Section 3 discusses the innova-
tive approach, as proposed in the study, to the construc-
tion of weights for multi-country modelling and
indicates the data used for estimations, Section 4
describes our empirical application of the GVAR model-
ling framework and its results and Section 5 presents
the conclusions.
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2 | THE EMPIRICAL ANALYSIS OF
INTERNATIONAL LINKAGES IN
THE CONTEXT OF ECONOMIC AND
FINANCIAL DISTURBANCES

To what extent do financial and macroeconomic spill-
overs flow across national borders, and by what means
are these flows mediated? These questions have been
receiving an increasing amount of attention over the last
two decades. Consequently, a vast literature exists on the
examination of transmission channels of spillovers, that
is, the major global conduits through which shocks are
propagated. Three main channels for international spill-
overs between countries are recurrently studied:
(a) trade, (b) commodity prices and (c) financial markets.
A major portion of the literature concludes that trade
channel appears to be the leading transmission mecha-
nism. Using panel and vector auto-regressions (VAR)
analysis, Helbling et al. (2007) argued that in the context
of U.S.-originated spillovers, the largest estimated contri-
butions to such spillovers can be attributed to trade vari-
ables. In the same spirit, Arora and Vamvakidis (2006)
provided evidence that trade channel is the key transmis-
sion mechanism of the United States shocks the rest of
the world.

Authors within a second strand of literature focus on
the relative importance of financial and other non-trade
channels. In this on-going discussion Bayoumi and
Swiston (2009) show that the significant portion of contri-
butions to transmission of U.S. growth shocks come from
financial instead of trade variables. They provide esti-
mates for this transmission channel and highlight that
the interest rates and financial conditions such as bond
yields and equity prices account for around 50% of the
international transmission of U.S. growth developments
to foreign economic activity. Similarly, Bayoumi and
Vitek (2013), Lombardi, Espinoza, and Fornari (2009),
and OECD (2012) provide evidence that financial vari-
ables play a significant role in terms of their contribu-
tions to international transmissions. Sgherri and Galesi
(2009), in turn, using a GVAR approach also suggest a
relatively more significant role for equity prices as a
global transmission mechanism of adverse U.S. financial
shocks. Bagliano and Morana (2011), in contrast, con-
clude that U.S. financial developments do not cause a
clear impact on foreign economic activity.

In the general context of the study of transmission
mechanisms, a related literature builds on the general-
ized vector auto-regressions to examine the interdepen-
dencies across countries. However, that methodology has
been criticized as in it idiosyncratic shocks are correlated
across countries and spillovers are not separated in
the generalized VAR settings (Pesaran et al., 2004; Dees

et al., 2007). VARs also suffer from dimensionality con-
straints increasing the difficulty in the analysis of inter-
national spillovers.

In turn, the GVAR analysis, relying on a set of linked
country-specific models, is one of the most widely used,
clearly defined, and well-validated modelling tools,
appropriate for the study of spillover dynamics. It allows
for a rich and flexible modelling of macroeconomic inter-
dependencies across countries, while keeping dimension-
ality controllable by reducing the country-specific
spillovers to a weighted average of country-specific vari-
ables (Bussière et al., 2009; Dees et al., 2007; Pesaran
et al., 2004; Pesaran & Smith, 2006; Sgherri & Galesi,
2009). Dovern, Feldkircher, and Huber (2016) found that
the GVAR methodology is appropriate indeed for the
analysis of heterogeneous economies and their inter-
linkages with a system-based approach.

Notably, financial linkages constitute factors of expo-
sure to the intrinsic variations of foreign markets. The
role and pro-cyclical nature of financial variables in driv-
ing real outcomes have been widely discussed in earlier
literature (e.g., Giacomini & White, 2006; Espinoza,
Fornari, & Lombardi, 2012). The so-called channels of
transmission are defined as the mechanisms through
which national economies are interconnected regarding a
certain variable or set of variables and the phenomenon
of international contagion has been subject of scrutiny on
such lines especially after the most recent crisis.1 In this
context, key variables have arisen as crucial components
of a policy-maker's check-list for a succinct, yet robust,
assessment of the overall macroeconomic conditions
when considering the impact of financial interactions.

Specifically, for the selection of variables in the
study's model, we use as reference the main components
put forward by Reinhart and Rogoff (2009) (henceforth
RR) as prices of financial assets, output and employment
levels, and government debt, since this set of indicators
are able to reflect common grounds of measurement,
even between diverse economies, particularly during
periods before and after significant events such as finan-
cial crises. The selection of variables used in our model-
ling aims to provide a concise representation of the main
factors reflecting the prevailing conditions in each econ-
omy, its financial system and external sector after the
occurrence of financial shocks.

The financial indicators commonly used in empirical
studies are the ones, which are generally regarded as
primary variables explaining intra and inter-country
economic activity, such as equity prices, monetary
aggregates, interest rates, interest rate spreads, stock
market capitalization, credit markets indicators and the
real effective exchange rates. Several studies have also
emphasized the positive linkage between equity prices
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and future economic activity. Correspondingly, equity
prices are associated with future developments of the
economy, since they capture the firms' expected profit-
ability (see, among others, Estrella & Mishkin, 1998;
Fama & French, 1993; Hassapis, 2003; Lombardi et al.,
2009; Panopoulou, 2009).

It is also well recognized that the magnitude of finan-
cial spreads can be associated to the level of economic
growth (Panopoulou, 2009). Moneta (2005), for example,
concludes that the yield spread conveys the most useful
information to the aim of predicting recessions in the
euro area. Similarly, Ang, Piazzesi, and Wei (2006),
Duarte, Venetis, and Paya (2005) and Gilchrist, Yankov,
and Zakrajˇsek (2009) confirmed the predictive ability of
yield spreads for forecasting growth and recessions.

Our specific choice of variables in this respect aims to
incorporate data on key variations with domestic implica-
tions for private agents and policy-makers, on the one
hand, and on the status of each economy in an interna-
tionally competitive market, on the other. The first part is
represented by lending rates, as well as by borrowing
rates, both with macroeconomic implications that result
from their impact on consumption and investment
trends. These variables are intended to provide a clear
indication of the overall conditions in the domestic credit
markets (Jermann & Quadrini, 2012). The second compo-
nent, which focuses on the international side of credit
markets, is depicted by the spread between lending rates
and a proxy for an international risk-free rate embodied
by the U.S. 3-month Treasury Bill.2 In addition, the
health of the financial sector, embedded in lending and
borrowing activities, is considered a powerful predictor of
economic performance (see among others for empirical
applications to the United States: Goodhart, 2006;
Swiston, 2008). The health of the financial sector is
indeed an important driver of growth as it may increase
the cost of intermediation and hinder firms' ability to
invest (Lombardi et al., 2009).

As far as prices in the financial markets are con-
cerned, they have been found to be significantly sensi-
tive to the deterioration of overall macroeconomic
conditions. The so-called fundamental analysis in
finance relies on discerning likely trends in prices from
the observation of a combination of factors among
which macroeconomic variables play an important role.3

In turn, large macroeconomic variations have repeatedly
been preceded by price bubbles in the financial
markets,4 which dramatically deflate in the aftermath of
a crisis. This documented relationship is vital for under-
standing the macroeconomic impacts of common varia-
tions in financial markets. The representative variable
for this component, in our study, takes the form of a
share price index for the countries of interest. Share

prices display common trends principally when the
overall macroeconomic conditions show deterioration or
improvement. Furthermore, regional trends have been
observed between strongly related markets. But, rele-
vant variations in the financial markets are not limited
to the shares valuation. They also include significant
consequences from abrupt changes in exchanges rates,
mainly for economies with higher levels of trade open-
ness. For these reasons, our study also includes series
for the real effective exchange rate.

Another common feature among economies facing
large shocks is the occurrence of simultaneous variations
in interest rates (not necessarily in the same direction).
In the presence of generalized shocks, capital which was
previously distributed among mid-income economies –
due to their generally higher returns – tends to turn back
towards higher-income economies. This flight to safety
and the resulting differentiated flows generate equally
distinctive pressures on interest rates with lower-income
economies suffering larger impacts in the form of
severely increased interest rates. Alternatively, a contra-
sting phenomenon has appeared for advanced economies
in the aftermath of the 2008–2010 financial crisis with
interest rates reaching their lowest levels during pro-
longed periods. What makes this particularly relevant in
our context is the widespread generalization of trends
within the study sample.

Our study of heterogeneous responses to external
shocks is developed with the support of evidence pro-
vided by the GVAR modelling framework proposed by
Pesaran et al. (2004), suitable to analyse propagation
of macroeconomic and financial shocks. In line with
the principles set in the OECD (2011), modelling with
a system-based approach is crucial for enhancing the
opportunities to build resilient regions and stronger
economies. In this sense, GVAR is a useful tool for
analysing the consequences of shock spillovers
between OECD countries. With an innovative
approach to international weights (in the following
section), this study addresses the relevance of trade,
financial and migration linkages in addition to geo-
graphical neighbourhood between economies in the
OECD by partitioning a list of selected economies into
five regional groups with the objective of generating
comparative findings and conclusions. Aiming to
derive valuable insights on the relative impact and
persistence of selected shocks as well as on their inter-
regional spillovers, our results provide a detailed
description of interactions across main regions of the
world economy. The information on these regional
contrasts is relevant for policy analysts and practi-
tioners alike since accounting for the direct and indi-
rect effects of economic and financial disturbances
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allows for an improved assessment of the role that
each region holds and of the heterogeneous policy
adjustments necessary to be performed after such
events.

3 | CONNECTEDNESS AND
RATIONALE FOR MULTI-
DIMENSIONAL OECD WEIGHTS:
A NOVEL MULTIDIMENSIONAL
SCHEME

International weights play a central role in a GVAR
model's formulation since they are intended to
describe the intensity of the linkages between econo-
mies and, therefore, they intervene in the measure-
ment of the potential impacts arising from
international spillovers. Previous empirical applica-
tions assessing international economic interactions
within the GVAR framework have repeatedly resorted
to the use of trade weights as a standard practice.
Examples of this are as early as Pesaran, Shin, and
Smith (2000) and Dees et al. (2007), but are concur-
rently found in recent papers of Caporale and Girardi
(2013), Ericsson and Reisman (2012) and Greenwood-
Nimmo, Nguyen, and Shin (2012).

Given that, in practice, OECD economies are con-
nected to each other in a diversity of ways, such an
approach remains incomplete, as it does not consider
other channels of interactions with significant economic
consequences as financial and migration exchanges
between OECD countries. Therefore, it is necessary to
overcome the restrictions of previous studies and gather
a broader set of measurements reflecting the strength of
cross-country interactions in terms of trade, finance,
and migration for the purpose of integrating them into
the model's international weights. So how can these
channels be incorporated in a robust manner? As
explained in detail below, this paper makes an innova-
tive proposal to do so taking into account: (a) relevant
data availability and (b) empirical evidence – namely, by
building upon structured evidence-based literature –
regarding the multi-faceted and inter-linked nature of
OECD economies.

Acknowledging that specific channels of interaction
operate in the map of exchanges between OECD econo-
mies with various strengths, different weights have been
assigned to the indexes that contribute to generate a sum-
marizing composite weight matrix. The resulting compos-
ite weight matrix is aimed to reflect the relative
importance that each individual economy represents
towards each other in the sample (and the asymmetries
that these relationships display).

3.1 | Trade

One mechanism through which a country-specific shock
can have wider consequences in the international econ-
omy is trade. Being at the core of the OECD's interests
since its inception, the exchange of goods and services
between national economies is an uncontroversial ele-
ment of exposure to the variability of a foreign economy
both in terms of volumes (which are in turn, associated
with productive trends) and prices (where additional fac-
tors such as financial or even fiscal variables have a con-
siderable impact).

Recent studies such as Beetsma and Giuliodori
(2011), and Inklaar, Jong-A-Pin, and De Haan (2008)
focus on analysing the importance of the trade channels
and assessing their role in the transmission of spillovers
from national policies. They were able to confirm the
decisive influence of trade exchanges in the transmission
of shocks between the OECD economies, suggesting that
trade integration strengthens business cycle synchroniza-
tion. Besides trade dependency, the international trade
literature also emphasizes the importance of commodity
and geographical trade clusters in relation to the escala-
tion of spillover effects (Cheewatrakoolpong & Man-
prasert, 2014). Kali and Reyes (2010) also conclude that
countries that become centres of trade are highly prone
to suffer from serious detrimental effects during crises. In
turn, a number of recent works on international spill-
overs have discussed in depth how crucial trade linkages
are in terms of a country's vulnerability to a crisis as well
as the effect of increased trade linkages that originates
from a process of integrated activity in core areas that are
deeply connected to the economic cycle.

OECD countries are strongly interconnected by trade
linkages. The intra-industry trade in goods between
OECD member states was 60–70% larger than the flow of
exports leaving the OECD to non-member countries
(OECD, 2010). Cross-border intermediate and final goods
interrelations can have substantial implications for prop-
agation mechanisms and the linkages among demand,
trade, and production across OECD countries. Indeed,
the literature demonstrates that a large fall in demand of
goods and services played an important role in driving
the trade collapse during the global recession of
2008–2009 (Alessandria, Joseph, & Virgiliu, 2010; Eaton,
Kortum, Neiman, & Romalis, 2016). Similarly, Bems,
Johnson, and Yi (2010) show that demand forces can
account for roughly 70% of the trade collapse and that
trade linkages are substantially important in terms of
each country's vulnerability to recent crises.

Bems et al. (2010), an authoritative study of its kind,
suggest that trade could transmit crises internationally
through a combined integration of three channels: (a) a
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competitiveness effect, (b) an income effect and (c) a
cheap-import effect. A competitiveness effect occurs
when devaluation of one country's currency drives up the
relative competitiveness of its exports and diminishes the
competitiveness of exports from other countries. An
income effect occurs when a crisis affects income and
growth within the crisis country, by reducing purchases
of imports from abroad. A cheap-import effect occurs
when devaluation of one country's currency down the
relative price of its exports and thereby reducing prices in
countries that import these goods.

Within the OECD context, Eichengreen and Rose
(1999), utilizing a trade-weighted matrix of macroeco-
nomic variables, show that trade linkages instead of mac-
roeconomic similarities have acted as a crucial channel
for the contagion mechanisms of transmission between
economies. Similarly, using a global input–output frame-
work, Bems et al. (2010) show that the large magnitude
of trade spillovers originating from and within many
OECD countries played a crucial role in explaining both
the collapse of trade and transmission of the global reces-
sion. Several studies such as Alessandria et al. (2010) and
Eaton et al. (2016) conclude that trade linkages were
large and significant in the context of international trans-
mission of a crisis. Therefore, the first part of the multi-
dimensional interdependency matrix must focus on the
role of OECD's deeply connected trade linkages and
quantify the role of trade in the exposure to shocks across
OECD economies.

Identifying the relative degree of vulnerability
towards a specific economy has been done through the
use of an indicator of bi-lateral trade-openness by using
total trade in terms of exports and imports to reflect
importance of country i for country j5 as outlined by
Pesaran et al. (2004) as:

Ti,j =
�Xi,j + �Mi,jPN−1

j=1
�Xi,j +

PN−1
j=1

�Mi,j
ð3:1Þ

with i 6¼ j and where �Xi,j and �Mi,j represent, respectively,
the mean of exports and imports between country i and
country j during the studied time horizon.

3.2 | Finance

Another important thread in the links between econo-
mies is found in the exchange of financial resources. The
financial channel of transmission has been studied in the
context of macroeconomic policies by Faini (2006) with
special attention to interest rates and fiscal spillovers as
well as by Corsetti and Müller (2011) who conclude on

the dominant effect of financial factors in an interna-
tional transmission mechanism that operates on domestic
and foreign private spending through expectations, inter-
est rates and international asset markets, in that
sequence, extending the study on the role and impact on
private spending of the sovereign risk channel as analysed
in Corsetti, Pericoli, and Sbracia (2011) in an interna-
tional, interdependent context.

As far as financial interdependencies are concerned,
OECD (2018) suggests that the degree of financial
interlinkages between OECD economies has increased
significantly over the last two decades. The importance of
direct investment, in particular, has grown notably over
time. The escalation of direct investment flows is partly
explained by increased global cross-border mergers and
acquisitions to a certain extent, following a decreasing
pattern after the global financial crisis. Global mergers
and acquisitions have not only resumed again recently,
but also its regional composition changed (OECD, 2018).
The EU countries position has changed from being net
outward investors to becoming the world's largest net
recipient of cross border merger and acquisitions. In
addition to foreign direct investment exchanges, the out-
standing stock of gross financial derivatives has also
increased as financial products became more complex as
a result of financial innovation over the last decade
(OECD, 2018). OECD statistics suggest that in
2005–2007, the total volume of international mergers and
acquisitions formed up to 80% of global foreign direct
investment flows which then followed a decreasing pat-
tern to under 60% during 2008 and 2014 (OECD, 2014).
Since then it has been following an increasing pattern
with substantial individual cross-border deals taking
place (UNCTAD, 2017).

In most OECD economies, the total volume of capi-
tal investments by foreign-owned firms is around 2% of
domestic GDP, and this ratio is significantly higher in
smaller sized economies (OECD, 2015; OECD, 2018).
Recent OECD figures suggest that, in the majority of
advanced and emerging OECD economies, the stock of
foreign direct investment (FDI) assets and investment
income from FDI as a percentage of GDP have doubled
or tripled over the past two decades, although the share
is smaller in emerging than in advanced economies
(OECD, 2018). This is noted particularly in the United
Kingdom with 4.5% of its GDP is formed by FDI invest-
ment income, then in Canada with 3.5% of its domestic
GDP followed by France, Germany and the United
States (in a descending order). As far as the stock of FDI
assets are concerned, this ratio is significantly higher in
the United Kingdom with 80% of its domestic GDP,
followed by France (75%), Germany (65%) and
Italy (45%).
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Increased gross asset and liability positions as well as
growing bilateral direct investment exchanges translate into
international exposures, turning financial centres as
increasingly vulnerable to shocks which makes the exact
identification of exposures a complex task. Other conse-
quences, resulting from increased financial interconnected-
ness, are mainly base erosion, profit shifting, exposure to
the risk of illicit financial flows – such as money-launder-
ing, tax evasion and international bribery – all at the fore-
front of the OECD agenda (OECD, 2018). The degree of
financial interlinkages among Western European countries
and those in Central, Eastern, and South-eastern Europe
(CESE) has grown notably as well, with a consequential
increase in foreign ownership of the CESE banking systems.
Arvai, Driessen, and Otker (2009) show that the financial
interlinkages in Europe are economically significant. Also,
it should be noted that intra-EU FDI flows rose by 40% in
2015 and reached 365 billion (data from Eurostat).

A recent OECD study (OECD, 2018) underlines the
importance of financial interdependencies for the propaga-
tion of economic shocks across borders. They demonstrate
that geographical diversification of increased cross border
flows enables financial markets to grow and diversify
risks, assisting companies to expand and diversify the risks
by investing where the rate of return is highest while miti-
gating negative domestic shocks. On the other hand, such
connectedness increases the risks of exposure to negative
spillovers across borders. In turn, changes in economic
conditions abroad become more influential than national
economic policies, particularly on domestic investment
and employment decisions as well as corporate earnings.
Such connectedness and increased geo-diversification
explain the significant role played by global factors in
equity prices (OECD, 2018). There is a great deal of litera-
ture on the effects of financial interconnectedness on the
growth in volatility that supports OECD's view (see,
e.g., Kose, Prasad, Rogoff, & Wei, 2009; Prasad, Rogoff,
Wei, & Kose, 2007). Moreover, increased financial flows,
particularly FDI and portfolio flows, have also been shown
to raise income inequality in both advanced and emerging
market economies (Basu & Guariglia, 2007). In addition to
these papers, other studies of scholars like Kazi,
Mehanaoui, and Akbar (2014) and Guesmi, Kaabia, and
Irfan (2013) have documented the substantial importance
of financial exposures across OECD countries.

The complexity and variety of the interactions dis-
cussed above, in turn, highlight the necessity to concen-
trate on specific aspects as FDI positions given the role
they play for the transmission of economic shocks across
borders6 which, as explained above, is intended to reflect
a more structural element of financial exposure as
opposed to short-term (and possibly speculative) financial
flows on the basis of the former having a stronger

relationship with the real sector of recipient countries
and, therefore, with macroeconomic aggregates such as
consumption, investment, and output.

For the reasons outlined above, the second part of the
multi-dimensional interdependency matrix focuses on
the increased role of external financing as a source of
funding and aims to represent the extent of possible
channels of contagion through financial exchanges. This
component represents the role of FDI as a factor of inter-
national financial exposure, specifically calculated as:

Fi,j =
outi,j + inwi,jPN−1

j=1 outi,j +
PN−1

j=1 inwi,j
ð3:2Þ

with i 6¼ j and where outi,j and inwi,j stand, respectively,
for the means of total outflows and inflows of direct
investments between country i and country j.

3.3 | Bilateral migration flows

An under-explored element in previous literature is
migration, which is typically associated with allocative,
distributive and external effects.7 Migration of various
kinds within OECD countries has become increasingly
common as a way for individuals to diversify household
income and reduce the divide they perceive between their
own circumstances and those in more advanced coun-
tries. A recent OECD study (OECD, 2017a) shows how
increasingly important migration exchanges have become
in member economies. Overall, the migrant stock made
up for 13% of the population in OECD countries in 2015,
which was around 10% in 2000 (OECD, 2017a). In addi-
tion, around 5 million people migrated permanently to
OECD countries in 2016, well above the pre-crisis previ-
ous peak in 2007. There was also a surge in asylum appli-
cations in 2015–2016. Global international tourist arrivals
rose by over 4% per annum on average in the two decades
of 2016 (OECD, 2018).

Migration linkages between economies are associated
to economic and financial impacts which have not been
captured by conventional measurements of international
interaction. Trade or financial statistics, for example, fail
to properly reflect the economic exposure to the effects of
migration on productivity, public finance (both on
income and expenditure, see Lisenkova et al., 2014),
wages (Damette & Fromentin, 2013) and aggregate
demand.8 Current migration links, between not necessar-
ily neighbouring countries, form intricate networks dis-
playing distinctive, typically asymmetric, intensities and
therefore cannot be represented by geographical dis-
tances either.
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Indirect improving effects of migration exchanges
operate through three main channels: (a) labour markets,
(b) remittances and (c) international students and tourist
traffic. Within each bi-lateral relationship, the composition
of migration exchanges, similarly, brings about conse-
quential effects at both ends of these links. The movement
of skilled migrants, for example, whether temporary (cycli-
cal) or in the longer term, constitutes a significant factor
for the performance of increasingly international business
models with accentuated use in advanced OECD econo-
mies.9 Similarly, at the lower end of the skills range, short-
ages of human resources in source countries for example,
have implications on productivity and household income.
In this paper, we do not differentiate by skills in migration
exchanges which means all the described relationships are
equally contained in our weighting scheme.

In 2015, total remittance flow from migrants in
OECD countries to their home countries was around
500 billion USD. In the 21st century, migrants are seen
not only as a source of foreign currency, but also as
bearers of skills, knowledge and social remittances
(Faist & Fauser, 2011; Levitt, 1998). This view often con-
tains the underlying assumption that migration has sig-
nificant potential for tackling inequality, either through
the cash remittances that migrant workers are able to
send back, or through the skills, technology transfer and
knowledge they acquire abroad and then take back to
their country of origin. Social remittance flows are often
larger than either bilateral aid or foreign direct invest-
ment (Ratha & Shaw, 2007). Kapur and McHale (2009)
argue that emigration from poorer to richer countries
increases the income of the migrants, and also that of
their relatives who remain in the country of origin. In
fact, migration holds greater potential for reducing
inequality when the migrants are from poorer house-
holds. In addition to long term migration's potential
impacts on labour market and remittances, increasing
flow of short-term migration such as international stu-
dents (OECD, 2017a) and growing international tourist
traffic facilitate new digital technologies usage. Thus,
increased flow of short-term migration has a knock-on
effect on creating economic opportunities, enabling firms
to access new markets, and offering consumers a wider
choice of goods and services (OECD, 2017b).

As discussed above, migration exchanges in the OECD
can have significant impacts on economic performance,
primarily through the pressure they put on labour markets.
Our inclusion of migration weights is ultimately aimed at
reflecting the intensity and asymmetric nature of these bi-
lateral relationships between economies in the studied
sample (not to be confused by the reader with any attempt
to simulate shocks from variations in migration). Heteroge-
neities between countries can be marked as they assume

distinct roles such as origin or destinations with different
intensities in the exchanges for which a differentiating fac-
tor is often the stance of the immigration policies they
apply (see Pedersen, Pytlikova, & Smith, 2008). Although
deeply constrained by data limitations, analysing the bi-
directional linkages is a crucial task for a more complete
understanding of international exposures. However, no
attempt has been made in the GVAR literature to measure
these cross-border factors. Thus, to account for the role
played by migration as transmission mechanisms, total
bilateral stocks of migration are used for formulating an
index of the relative position between countries. Data from
the World Bank has been used for these purposes (see the
Data section below). Two pre-2008 financial crisis periods,
1990 and 2000, were selected in an attempt to depict more
structural, long-term relationships in terms of migration.
Then, given the availability of data, a higher weight (70%
in each bi-lateral set) was assigned to the most recent
series, 2000, which sits approximately in the middle of the
typical timespan of other macroeconomic series in the
study. That weight is a choice largely made to emphasize
the higher relevance of the most recent available series in
the context of the overall time-coverage of our analysis.

Each bi-lateral relationship is, this way, calculated as:

Migri,j =
0:3*Migri,j,1990 + 0:7*Migri,j,2000

0:3*
PN−1

j=1Migri,j,1990 + 0:7*
PN−1

j=1Migri,j,2000
,

ð3:3Þ

where, typically, Migri,j,y 6¼ Migrj,i,y.

3.4 | Geographical proximities

Tobler's (1979) first law of geography, ‘everything is
related to everything else, but near things are more
related than distant things’ is appropriate here as an indi-
cator of geographical proximities between economies can
absorb other channels of interaction not captured by the
other three channels outlined above. On the other hand,
while geographic closeness does not strictly precondition
the intensity-based ordering of the first three considered
relationships, it is still a factor of interaction in other
aspects with final expression in economic and financial
performance. Among those, we can mention institutional
and legal similarities which benefit contractual arrange-
ments, technology transfers, educational and scientific
cooperation, common development projects and their
funding, regional (including inter-city) agreements, etc.
This theme surfaces in Krugman's (1991) work emphasiz-
ing the importance of locational decisions by various cen-
tripetal forces and linkages that are caused by large local
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markets. They have demonstrated that economic integra-
tion in geographic regions has been central in terms of
concentration of economic activities.

Studies analysing the effect of economic geography
generally fall into two categories, with one strand con-
sisting of the studies of Brakman, Garretsen, and
Schramm (2004) for Germany, Hanson (2005) for the
United States and Mion (2004) for Italy, who all assume
labour to be perfectly mobile and real wages to be equal-
ized. The second strand meanwhile concentrates on the
same effect at international level, and is represented by
the work of Redding and Venables (2004), in which real
wage levels are influenced by intermediate factors of pro-
duction. Studies at both national and international level
have shown geography to have a significant impact on
access to markets, which then shapes income levels.
Krugman (1991) and Venables (1994) also document the
economic relevance of such proximities in examining
regional integration. More recent studies such as Redding
and Venables (2003) produced an authoritative study of
its kind, showing that the geography of access to markets
and sources of supply is statistically significant and is
essential in explaining cross-country variation in income
per capita. Around 29% of cross regional variation in
wage levels can be explained by a region's proximity to
customer markets (Lopez Rodriguez & Faina, 2007).

Taking into account the context discussed above, we
propose to add a proxy to measure those additional link-
ages based on the country's location within the OECD
space. The inclusion of geographic proximity (1/disti,j,
where disti,j is the geographic distance between countries
i and j) in the weighting scheme, thus, serves the pur-
pose of representing other channels of interaction
between economies not captured by the previous three
measurements. An index of inverse distances that
assigns greater weight to closer neighbourhoods is calcu-
lated using data from the World Bank's API10 (geo-
localization of capital cities). Inverse-distance weights
are commonly used in configurations of spatial econo-
metrics involving units that are geographically dispersed
(LeSage & Pace, 2009).

Given the presence of dominant hubs of regional
activity, the current context of economic, financial and
migratory interactions (all three included in a hypotheti-
cal matrix X) between pairings of countries, i, j and i, k,
shows that violations to the rule:

disti,j <disti,k = )Xi,j >Xi,k

are frequent, especially when country i is one of such
hubs.11 This way, geographic distances are considered to
be true complements of the other three channels.

In this study, using geographic data from the World
Bank's Indicators API, an index with inverse distances
between capital cities, Wi,j, has been calculated as:

Wi,j =
1

disti,j
� � : ð3:4Þ

3.5 | Composite weights based on key
linkages

While proposing an innovative scheme of weights in
GVAR models, we are well aware that such a complex
picture of cross-country interdependencies will require a
great deal of acceptance from scholars who have predom-
inantly concentrated on trade linkages.

Further justification for the weighting scheme draws
from the suggestions in three well-known papers. First,
Eickmeier and Ng (2015) consider a range of different con-
nectivity matrices and assess differences through a fore-
casting exercise. Second, Crespo Cuaresma, Feldkircher
and Huber (2016) analyse weight schemes that allow for a
variety of weights for different foreign variables in the sys-
tem, specifically evaluating alternative weight schemes to
suit the likelihoods of the GVAR model. Third, Gross
(2013) proposes estimating weights rather than choosing
them exogenously for the model.

To avoid a potential problem of endogeneity in the for-
mulation of our composite weights, the study utilizes aver-
ages, formulated in a way that their outcomes are as
disengaged from quarterly policy variations as possible. By
using either temporarily long or very punctual averages in
time according to data availability with the prime objective
of measuring how important country i has been for country
j in terms of the considered exchanges and features. As
described above, trade and financial weights, for example,
calculate averages over the entire timespan of the series so
that quarterly policies are completely diluted in these calcula-
tions (macroeconomic policies would require a large, multi-
annual persistent stance to generate a significant endogenous
association with these metrics, such a scenario is implausi-
ble). At the other extreme, migration weights rely on only
two dates 1990 and 2000. The short-term dynamics of varia-
tions in immigration policies, for example, would have little
impact on the snapshots of the flows taken in those dates.12

The final composite matrix, Z (see Appendix C and
Figure C1), is calculated from the corresponding entries
in each of the previous matrices as:

Zi,j =0:05Wi,j +0:35Ti,j +0:35Fi,j +0:25Migri, j
)Z= 0:05W+0:35T+0:35F+0:25M½ � ð3:5Þ
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with Zi,i = 0 being a result of the null diagonals in all of
the constituent matrices. For the purposes of estimations
these weights have been column-normalized.13

Based on historical trend as well as volume of trade
and financial exchanges (see Appendix C, Figures C3 and
C4) between OECD economies, trade and financial chan-
nels are given preponderant roles in the depiction of
exposures to foreign variables (adding up to 70% of the
total weights).

In turn, as discussed above, bilateral migration
exchanges are also considered consequential factors of
exposure. Given the relative importance of such linkages
in the OECD context (see Appendix C, Figure C5), migra-
tion holds the role of a secondary factor of exposure (25%
of the total weights, which is lower that the weights
assigned to trade and finance). Lastly, geographical prox-
imities are also taken into consideration in order to
include other aspects of spatial interdependencies among
OECD economies (see Appendix C and Figure C2). Their
residual, although complementary, role is reflected in a
lower participation in the final composite weights (5% of
the weights).

It is worth noting that, although the weights
assigned to each contributing factor of exposure are
the product of the authors' choice, this is not arbitrary
or random as it takes into account observed features of
international interaction. Most importantly, while
showing consistency with the prevailing descriptions
of foreign exposure found in previous literature (where
trade and finance are the key, predominant drivers),
they allow for the inclusion of secondary and residual
factors of interaction acknowledging, at the same time,
their complementary roles in a scheme that ensures
comparability across the sample (as opposed to an
alternative where the weightings are the product of
estimations).

In addition, the reader should recall that, in the con-
text of our study, weights are intended to provide a mea-
surement of the intensity of relevant relationships
between country pairings. The variables representing
those weights are, therefore, not used as direct factors of
shock-simulation. Their participation in the modelled
system is restricted to the measurement of multi-
dimensional exposures to foreign shocks. Key qualities of
the final weights, Z, are (a) their reflection of multiple
factors intervening in economic and financial interac-
tions/exposures with intensities specific to each country
pair in a standardized, coherent scheme, (b) their depic-
tion of asymmetries in relation to the included exposures
(except only for the case of geographic distances) and
(c) their flexibility to materialize only in the values
strictly supported by the underlying data (if two countries
have very low migration exchanges, then Migri,j ! 0, for

example, without affecting any of the depicted exposures
to other channels which would still vary within their
own respective ranges).

Additionally, regional aggregation weights wi, ℓ

required by the GVAR framework are defined following.
Dées, Mauro, Pesaran, and Smith (2007) as the aver-

ages of GDP-purchasing power parity (PPP) individual
series between 1995 and 2013 (annual data), �gdpiℓ:

wi,ℓ =
�gdpiℓPNℓ

i=1
�gdpiℓ

ð3:6Þ

with Nℓ representing the number of countries in the
region ℓ. The data used for the calculation of these
weights and the result of its application to the variables
in the model are presented in Appendix D.

3.6 | Data

This study's sample consists of 24 selected OECD coun-
tries'14 quarterly data between 1989Q4 and 2013Q3
(N = 24, T = 96) comprising of geographic data, macro-
economic aggregates, financial indicators as well as
migration and key open-economy variables.

3.6.1 | Weights

• Geo-localization data, coordinates of capital cities from
the World Bank's online database's API.15

Geographic distances were calculated using James
P. LeSage's econometric toolbox.16

• Total imports and Total exports, bi-lateral trade data,
millions U.S. dollars (IMF DTS).

• Foreign direct investment positions (inward plus out-
ward) bi-lateral totals, normalized with respect to each
country's total in relation to the other economies in
the sample. Calculated with data from IMF's Coordi-
nated Direct Investment Survey.

• Bi-lateral migration, total stocks 1990 and 2000,
weighted average calculated with data from the World
Bank's Global Bilateral Migration Database.

• GDP, (yearly) U.S. dollars, current prices, current
PPPs, millions (OECD Stat).

3.6.2 | Main panel

• Real output (lgdp), logarithm of GDP volume index
series (2005 = 100), seasonally adjusted, (OECD
QNA, OxEc).
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• Inflation (infl), quarterly percent difference of the Con-
sumer Price Index (OECD MEI).

• Current account balance (curracc), percent of GDP
(OECD EO /for Ireland 1989Q4-1991Q1 OECD EO78).

• General government balance (govbal), as percent of
GDP (OxEc).

• Gross government debt (dgdebt), as percent of
GDP (OxEc).

• Real effective exchange rate index (rfx) (OxEc). Homol-
ogated to a 2010-base year for Germany and Turkey.

• Interest rate spread (spread), calculated as the differ-
ence between each country's lending rate (IMF
IFS/OECD MEI/OxEc/BCL/BANXICO) and the
United States' 3-month Treasury Bill (FRED).

• Lending rate (lrate), quarterly percent (IMF IFS/OECD
MEI/OxEc/BCL/BANXICO).

• Corporate borrowing rate (corprate), quarterly aver-
age (OxEc).

• Share price index (shprind), quarterly average (OxEc).
• Unemployment rate (unempr), percentage (OxEc).
• Oil prices, nominal price (poil), U.S. dollars, (GVARdb,

updated with own calculations on Bloomberg data
between 2012Q2 and 2013Q3).

4 | EMPIRICAL GVAR
APPLICATION

The study conducts an estimation of a GVAR model17 on
the selected variables for 24 OECD economies with a
panel from 1989Q4 to 2013Q3.18 The variables are catego-
rized into three main groups (see Table 1):

• macroeconomic variables (including public finance),
• macroeconomic-relevant financial indicators and
• open economy variables. By these means the study

aims to gather a well-targeted and parsimonious por-
trayal of the overall state of key macroeconomic, finan-
cial and external factors in each economy.

In consistency with GVAR modelling requirements
and, due to its position as a global reference, the
exchange rate and interest rate spread variables are
removed from the United States' individual model as
domestic variables while, in turn, their foreign represen-
tations are treated as weakly exogenous only in its spe-
cific model. The oil price has been included as an
endogenous variable in the U.S. model. As a result of the
considerations stated in Section 3, a composite weight
matrix Z (included in Appendix C) is used in the con-
struction of country-specific foreign variables.

For comparative purposes, five regions are defined
between the countries in the sample.19 These regions,

shown in Appendix Table 2, constitute the main basis of
our empirical analysis and are intended to reflect the het-
erogeneities between OECD economies in relation to
their responses to the simulated financial shocks.
European countries are classified in three groups
(a) Eurozone A, with the most stable, high-income
Eurozone economies, (b) Eurozone B, with the Euro-
economies characterized by greater instability and
(c) other, non-Euro economies. American economies are
predominantly represented by the members of the
NAFTA bloc and Asia-Pacific is composed by Australia,
Japan and Korea.

The criteria for these groupings eminently corre-
spond, this way, to economic and spatial factors. From
this perspective, a comparative analysis of the inter-
regional effects of the modelled shocks is performed.

4.1 | Contemporaneous effects of foreign
variables on their domestic counterparts

The cross-country impact elasticities from changes in
foreign variables provide a crucial source of informa-
tion in relation to the interactions and potential spill-
overs between economies. The setting chosen in the
study allows us to examine the elasticities with respect
to variations in the global environment as seen from
the perspective of each economy. Those elasticities,
computed from the cointegrating VECMX models20

can be understood as the contemporaneous change of
a domestic variable as a result of a 1% variation in its
foreign equivalent.

The complete table of elasticities is included in
Appendix E jointly with their corresponding Newey-
West t-ratios (based on heteroskedasticity and autocor-
relation corrected standard errors). From them, the
following substantial findings should be highlighted:
Sweden, Portugal, Germany, Norway, Japan, and Italy
(in that order) present the largest elasticities to foreign
variations in GDP. Although this may not be surpris-
ing for the smaller economies in this list, it is particu-
larly relevant in the case of Germany and Japan, given
the relative size of their economies, since it reflects a
high degree of exposure to global levels of activity.
Contrastingly, the elasticity in the case of the
U.S. economy is among the lowest. This indicates that
even with the considerable size of the international
exchanges it has with the world, the U.S. domestic
economy displays a high degree of resilience against
external variations in economic activity.

Large elasticities (most of them larger than one) to
global variations in lending rates are shown by Austria,
Canada, Netherlands and Finland revealing their high
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exposure to the patterns followed by foreign financial
variables. The relative depth of their involvement in for-
eign financial exchanges as compared to the size of their
own economies (notably in the case of the Netherlands)
appears to be an important factor of this sensitivity, par-
ticularly when compared to cases like Germany with a
larger domestic economy and, then, a much lower elastic-
ity to global variations in this respect.

Similarly important in this evaluation of the global
circumstances surrounding credit markets are the
results showing that national corporate borrowing rates
are markedly susceptible to global disturbances. Swe-
den, Spain, France, Italy, Canada, Germany, the United
Kingdom, Ireland and Netherlands all show statistically
significant elasticities ranging from 0.78 to 1.38, which
indicates that the foreign component of this variable
has consequential implications for the operation of
credit markets including cases of large financial hubs
like the United Kingdom and Germany. A consequen-
tial finding in terms of elasticities to global variations is
the one that shows a high degree of responsiveness of
share prices. Ten of the economies in the study sample
display elasticities close to one or even considerably
larger, no other variable displays the same levels of sen-
sitivity to foreign developments. This feature is shared
indistinctively among the economies with diverse sizes
and global roles as Greece, Ireland, Finland, Italy, Ger-
many, Japan, France, Portugal, Spain, and Sweden; all
at the top of this scale. This exhibits not only the consid-
erable degree of their financial markets integration, but
also the fact that some economies would be in better
positions to face large variations while others, in this
list, for example, would find such events highly
detrimental.

4.2 | Dynamic analysis

This section addresses the analysis of the model's dynam-
ics through a number of shocks intended to reveal two

main features: (a) the heterogeneous response to compa-
rable disturbances across regions and (b) the impact and
persistence of spillovers between regions. The study uses
generalized impulse-response functions (GIRFs),21 taking
advantage of their independence of the ordering of the
variables and, crucially, of their ability to express the fea-
tures of dissimilar responses to the modelled dis-
turbances22in a comparable way.23 The graphs in this
section display two main components: (a) the own-region
effect of the modelled shock and (b) its inter-regional
spillovers. For comparative purposes, each panel corre-
sponds to an independent scenario as described in its
caption.

4.2.1 | Shocks to the interest rate spread

In Figure 1, the effects of a shock to the interest rate
spread against the U.S. Treasury Bonds rate are summa-
rized by region of origin.24 The shock to this spread in
the Euro-A region has an immediate effect of nearly
23 basis points from where it continues to display a per-
sistent upward trend during the following two quarters
until it reaches a maximum level (of 39 basis points) by
the fourth quarter when it starts to decline until it stabi-
lizes in a rate which is 33.7 basis points higher than its
pre-shock level. The spillovers to the Euro-B and Other
European regions follow similar patterns although the
former differs by displaying a response which is synchro-
nous and of similar size to the ones in the Euro-A region
until the second quarter when that spillover starts to rap-
idly decline till it dissipates almost simultaneously with
those in other regions (around 19 quarters after the
impact). It is, therefore, notorious that the Euro-B region
has a significant exposure to the shock and, although the
spillover shows a degree of persistence similar to all the
European regions, it displays an accentuated degree of
responsiveness during the first two quarters after the
shock.

The spillover to the Other European region presents a
mimicking effect to the original shock, but with a smaller
magnitude (11.6 basis points on impact and a maximum
of 26.6 basis points in quarter 6) and in a lagged fashion
(around two to three quarters after the original shock).
This shows that the dynamics of the links between these
two regions are characterized by lower intensity and less
immediacy.

Important asymmetries are also clear when, in turn,
the shock is applied to the Euro-B region since the own-
region effect is considerably larger (both initial and maxi-
mum impacts) but, conversely, its inter-regional spill-
overs are smaller than the ones from the previous shock.
Stronger links between these two Eurozone regions help

TABLE 1 Variable classification

Macroeconomic
variables

Macro-relevant
financial indicators

Open economy
variables

Real output Lending rate Current account

Inflation Int. rate spread Oil price

Unemployment rate Real exchange rate

General government
balance

Corporate borrowing
rate

Government debt
(first diff.)

Share price index

12 SEVINC & MATA FLORES



to explain that Euro-A receives the largest spillover
although its intensity is significantly smaller than the one
generated in the opposite direction. By contrast, the
Other European region shows little exposure to the
Euro-B shock.

When the shock is originated in the Other European
region, it generates a more complex set of outcomes. First,
the own-region effect is of a similar scale as the one in the
Euro-B shock but with a lower degree of persistence in
general. The spillovers to Euro-A and Euro-B regions
mimic that same pattern almost synchronously although
with lower intensity (maxima around 20 basis points) and,
interestingly, they eventually lead to negative spreads for
these two regions which imply the transition to lower risk
levels when compared to the United States.

A brief interpretation of these responses is that, if
economies like Norway, Sweden or Switzerland, with
their financial and macroeconomic record and position-
ing, suffered a shock of such scale, other economies
would take over their role as safe markets and, in this
competition, the Euro area members seem to be the first
candidates. In particular economies, the interest rates
appear to be more responsive to regional shocks, which is
consistent with the empirical findings of Chudik and
Fratzscher (2011).

The Asia-Pacific region also experiences a consider-
able effect from the shock generated in Euro-A, resulting
in a spillover with stronger persistence than those

registered in the other two European regions, increasing
the spread by 25 basis points. In turn, the shock to the
Euro-B countries creates a spillover on Asia-Pacific which
displaces the spread by almost half that magnitude
although with similar persistence. Greater exposure is
revealed to a shock in Other European countries which
generates a significant and permanent increase of the
spread (even larger than the own-effect of an equivalent
shock).

Turning to a shock originated in the Asia-Pacific
region, the study reveals that it leads to a lower distur-
bance in the series (less than half the magnitude of the
impacts of comparable shocks in the other regions) and
moves towards a fast adjustment, which reaches most of
its impact in quarter 2 and, after a very minor oscillation,
stabilizes around that level (32 basis points up). Its spill-
overs are also smaller and comparatively quicker in their
reversion to lower spreads. On these spillovers, Euro-A
countries find themselves with a slightly higher spread,
Other European countries with the same spread as before
the shock and Euro-B countries even experience a final
reduction in their spread.

This information helps to gain better understanding
of the mechanics involved in the asymmetric and dissimi-
lar interactions between regions and of the short and
long-term effects and re-alignments of relative risk posi-
tions (as represented by the spread) resulting from the
shocks.
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4.2.2 | Shocks to the lending rate

As discussed above, interest rate spreads have the func-
tion of defining internationally-relevant positions in
terms of competitive financial exchanges. The series for
lending rates and corporate borrowing rates tend to have,
by contrast, a more domestic-oriented content, which
reflects the prevailing conditions in domestic credit mar-
kets. But this does not rule out the presence of interna-
tional (and inter-regional) spillovers that result from
financial interconnections as explored below.

In Figure 2, starting with the shock to lending rates
in the Euro-A region, a moderate immediate own-region
response is followed by a gradual, twofold persistent
effect which continues until quarter 14 leading to an
increased rate for this region. In turn, the notorious pres-
ence of a much larger spillover to the Euro-B region
almost doubles the own-region final effect. An accelerat-
ing effect is shown to operate between these two regions
(although this effect is mainly uni-directional). This
shock is also followed by a moderate increase in
NAFTA's lending rates but, contrastingly, this effect does
disseminate in time leaving the NAFTA rate at the same
level registered before the shock. The initial impact of the
spillover in the Other European economies is negative,
pushing the rates towards temporary lower levels and
reaching a minimum at 20 basis points below the pre-
shock rate in the third quarter before starting to dissipate.
The impact on Asia-Pacific is minor and comparatively
short-lived (lasting nearly six quarters).

When the shock is originated in the Euro-B region,
the own-region effect is stronger both in immediate terms
and as a source of persistent pressure on the rate. This
region's lending rate displays a high degree of sensitivity
to domestic and foreign disturbances responding in a sig-
nificant manner to all the regional shocks but, alterna-
tively, it does not exhibit the power to generate major
spillovers on other regions revealing, this way, significant
directional asymmetry.

One of the largest after-shock responses reviewed
so far is the one resulting from a shock to the lending
rate in Other European economies gradually pushing
the lending rate two points above its initial level. It
can be observed that even the associated spillovers
have considerable magnitude, especially in the case of
Euro-B economies, followed by Euro-A and to a more
transitory extent by the NAFTA region. A minor
lagged spillover occurs in the Asia-Pacific region after
three quarters of the shock just to displace the
corresponding rate 13.6 basis points below its initial
level.

By contrast, the shock on the Asia-Pacific lending rate
lasts for only six quarters with a final moderate displace-
ment (for an own-region effect) of 43.8 basis points,
showing spillovers which are only significant for the
Euro-B region.

These results show the mixture of effects that diverse
regional linkages can have on credit market conditions
when exposed to common shocks. These, rather
unexplored, effects are final expressions of linkages
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operating through variables like inflation and aggregate
demand which alter the credit markets conditions in both
the regions impacted by the shock and those receiving
their spillovers.

4.2.3 | Shocks to the corporate rate

In general terms, we observe, in Figure 3, that corporate
rates show a faster speed of recovery after disturbances,
which is clearly related to the competitive pressures asso-
ciated with these markets. Another remarkable, perhaps
unexpected feature, is the similarity in the behaviour of
the responses across regions.25

Euro-A and Euro-B regions display remarkably simi-
lar impacts from a shock to the former where the spill-
over gets to equalize and even exceed the own-region
effect. Once again, this is evidence of the significant sen-
sitivity shown by the Euro-B region to external

disturbances. The correspondence between these com-
mercial rates is shown to be stronger across the two
Eurozone regions than in the case of retail rates
(although in both scenarios the correlations between
regions are high). Spillovers to non-Euro regions, by con-
trast, are moderate. However, they generate small perma-
nent displacements among which the largest corresponds
to the region with greater closeness: Other European
economies.

The shock to the Euro-B region reveals greater sensi-
tivity both in own-region terms (causing a large displace-
ment) as in relation to spillovers, all of which, except for
Asia-Pacific, are larger than those from the shock to
Euro-A. This way, Euro-B countries seem to be able to
spread the effects of financial shocks to other regions.

It is notorious that the shock to the NAFTA region
also appears to transmit significant effects to the Euro-B
region while its spillovers to other regions are moderate.
The same applies in the case of the shocks to Asia-Pacific
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and Other European economies' corporate rates as their
major spillover drag Euro-B's corporate rate up almost to
the same extent of the own-region effects.

At the other extreme, the Asia-Pacific region consis-
tently shows little sensitivity to external shocks. Only the
own-region effect causes a significant displacement of the
corporate rate.

4.2.4 | Shocks to the share price index

This shock, shown in Figure 4, represents a generalized
deterioration of the risk-conditions in the stock markets
of the involved regions. Our analysis reveals the interna-
tional dimensions of its impact. The response to a nega-
tive shock to this index in the Euro-A region, for
example, creates a spillover in the Euro-B region with
very similar magnitude and behaviour as the own-region

response, both of them lead to a permanent decrease in
share prices across the Eurozone. The spillover, this way
accentuates the own-region effect by almost doubling the
aggregate impact. Asia-Pacific and Other European mar-
kets also display spillovers of a more moderate nature
while NAFTA markets are only slightly affected
reflecting greater resilience to the European shock.

When the equivalent shock is applied to the Euro-B
region, even the own-region effect is smaller than the spill-
over it received from the shock described above and its own
spillovers show small impacts on other regions so, in con-
trast to that shock it generates very modest external effects.

The presence of a large financial hub in the Other
European region as London helps to explain that a shock
to its share price index creates a significant response in
all regions. It is especially notorious the spillover to the
Euro-A area evidencing the significance of financial link-
ages between these regions. Again NAFTA markets,
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although not immune to the spreading of the shock,
exhibit the smallest spillover.

The comparative strength of financial linkages in
European regions contrasts to inter-regional linkages
with the NAFTA region as the shock to its share price
index displays only small spillovers to the other four
regions. It can be noted, however, the relative uniformity

of those external effects as in this case even the Asia-
Pacific region receives a similar spillover.26

Larger spillovers result from a shock to the Asia-
Pacific region, causing also more permanent displace-
ments in all regions where Eurozone countries are the
most affected. The size of the own-region effect is signifi-
cantly larger than the ones in other groups revealing high
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sensitivity of this region to internal (as opposed to
externally-generated) shocks.

4.2.5 | Shock to the oil price

By analysing the effects of a positive one standard error
shock to oil prices in Figures 5 and 6, it is also possible to
observe key differences and similarities between the
responses in the studied regions. It is notorious, for example,
the presence of counter-cyclical responses in Asia-Pacific to
the oil price shock on output, unemployment and govern-
ment accounts, which contrast to the relative deterioration
experienced by other regions under such conditions. Euro-
B's unemployment, for example, shows a marked increase
as a result to the oil price shock and the subsequent fall in
the region's real output. Euro-B's suffers a increase in the
lending rate, the corporate rate and the interest rate spread
signifying an overall deterioration of its relative risk stance.27

Both Eurozone regions display effectively the same
lagged decline in real output and a permanent displace-
ment below pre-shock levels. Non-Euro economies, in
turn, escape those effects and remain relatively unaf-
fected except for a minor productive increase in the
immediate aftermath of the shock which is quickly
reversed. The strongest impact for this region, by con-
trast, is shown as a deterioration of the government's bal-
ance with considerable persistence closely followed by
the response in Euro-B.

All the European regions exhibit an accumulation of
government debt with greater persistence in Euro-B and
Other European economies while the opposite occurs in
Asia-Pacific and NAFTA. The responses of the share price
indexes display a significantly more homogeneous pattern
after the oil shock, varying only in terms of size. Euro-B and
Asia-Pacific are the markets most affected by the shock.

The deterioration of overall macroeconomic condi-
tions arising from this shock (lower output, higher inter-
est rates, share prices in decline and European debt
accumulating), helps to understand it as a critical compo-
nent of the global economic performance.

Nevertheless, regional specificities arise from our
analysis as the relative resilience to this shock shown in
Other European economies, particularly in relation to the
responses they have in output, unemployment and share
prices. Government debt accumulates and the current
account shows a permanent displacement towards sur-
plus. This last effect is contrasting to the responses in
Euro-B, NAFTA and, especially, Asia-Pacific where the
shock moves the current account into negative figures.

4.2.6 | Effects of shocks to government
balance on spreads

The government's financial accounts can have important
impacts on the aggregate risk-conditions of each econ-
omy. Similarly, fiscal crises are recurrently amongst the
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most worrying scenarios for the global economy. A par-
ticularly exemplifying event in this sense is found in the
2009 European debt crisis. Figure 7 presents the
responses of the interest rate spreads (our key measure of
comparative risk) to a one standard error negative shock
to each region's government balance.

In general terms, these shocks result in increases of
the spreads, confirming the presence of an expected rela-
tionship between government accounts and the markets'
assessment of relative risks. But, far from being homoge-
neous, the responses reveal a range of diverse profiles
between the regions. In this case, given that (a) the
U.S. constitutes the common global reference against
which all relative risk spreads are calculated and (b) it is
the dominating economy within the NAFTA region, the
study concentrates on analysing the effects of the shocks
on Europe and Asia-Pacific.28

The disturbance to Euro-A's government balance
sparks a relatively lagged increasing trend in all

European and Asia-Pacific regions. The shock effectively
results in the deterioration of the risk profiles of all these
regions (showing greater spreads) generating the largest
spillovers by origin. Those are mainly transmitted to
Other European and Euro-B economies although Asia-
Pacific eventually displays a greater long-term upward
displacement of the spread.

Applying the same shock to the Euro-B region, the
study reveals more transitory effects except for the Asia-
Pacific region which can be due to important exposure to
European debt. The spillover to the Other European econ-
omies is eventually reversed, even inducing a change
towards negative spreads (that is, the region displaying a
lower interest rate than the global reference). The
response in the Euro-A region also indicates that the risk-
deterioration in Euro-B eventually reflects into the
improvement of relative risk profiles in the rest of Europe.

The equivalent shock to Other European economies
also reveals the exposure to European fiscal accounts by
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Asia-Pacific29 and a lagged deterioration of the risk-
profile in Euro-A. A competitive stance between
European economies in terms of prevailing risk assess-
ments means that this shock eventually leads to negative
spreads (while the other regions experienced increases in
their spreads).

The spillovers from a shock to the government bal-
ance in the NAFTA region splits the European economies
in two with the Euro-zone experiencing increases in the
spreads (that is, showing higher relative risks) mainly in
the case of Euro-B countries, while non-Euro economies
follow a lagged pattern of gradual decrease of the spread.
Asia-Pacific is comparatively unresponsive to this shock.

When the shock occurs in Asia-Pacific, a small
increase of the spread is reversed relatively quickly and
with enough intensity to lead it to negative figures in the
long term. Spillovers seem to also reveal a competitive
relationship with the Euro-B region as their variations
mostly oppose each other. The Other European region
seems to benefit from the results of the shock as it transi-
tions to a negative throughout the timespan of the
response profiles. The Euro-A region displays a transitory,
minor increase of the spread which is fully reversed after-
wards although its long-term trajectory leads again to an
increase in its spread which can be associated to the
responsiveness towards variations in the Euro-B region.

5 | CONCLUSIONS

This paper has described both similarities and conse-
quential heterogeneities between OECD regions in rela-
tion to the impacts of financial disturbances on their
economies. Making use of an innovative international
weighting scheme in a GVAR framework, the study takes

into account key dimensions of exposure to such interna-
tional disturbances. By applying relevant shocks to spe-
cific regions, we observed not only the impacts as
expressed in their own variables but also the spillovers
generated on other regions. The results, therefore, pro-
vide an opportunity to assess the dynamic effects of
shocks from a broader, systemic point of view.

Complex exposures between OECD economies are
considered in our empirical application in a setting
mediated by multi-dimensional, composite weights
which reflect the relative relevance between economies.
Those weights helped to simulate a system where diver-
sity between linked participants and asymmetries in the
modelled relationships are the norm. The scheme is flex-
ible enough to account for the directional strength of
the considered factors of exposure (trade, finance,
migration and other secondary channels, as revealed by
historical data) and to exclude linkages which might not
have support by the observed data (meaning standardi-
zation without over-generalization of any weight-related
findings).

Any effective set of policy measures should take into
account these dimensions emanating from significantly
distinct relationships and occurring within each of the
dominant welfare clusters in the OECD.

A number of salient regional features revealed by this
study are summarized as follows: (a) The Euro-B region
(integrated by Greece, Italy, Portugal and Spain) displays
a high degree of vulnerability in relation to shocks to its
financial variables as well as to the spillovers generated
by shocks in other regions. This is particularly accentu-
ated in the case of the interest rates included in the
model. Its own capacity to influence other regions'
dynamics is contrastingly limited. (b) At the other
extreme of this spectrum, the region which appears as
less exposed to regional spillovers is Asia-Pacific
(Australia, Korea, and Japan), based on this information
it can be argued that its structural linkages with the other
regions are at the lower end within the scope of this
study. (c) The NAFTA region (Canada, Mexico and the
United States) is capable of generating synchronous and
generalized responses in all the other regions in such a
way that these could be seen as proxies for global distur-
bances. (d) The Euro-A region (Austria, Belgium, Fin-
land, France, Germany, Ireland, and Netherlands)
appears to be less sensitive to own and inter-regional
shocks when compared to the Euro-B region, however, it
consistently displays a contagion effect from variations in
the latter, which implies that it is subject to the effects of
imported variability.

The interconnections between regions, as depicted in
a concrete and comparable way, reveal not only specific
features of the defined clusters, but also of the

TABLE 2 Regional classification

Eurozone A Eurozone B Other European

Austria Greece Denmark

Belgium Italy Norway

Finland Portugal Sweden

France Spain Switzerland

Germany United Kingdom

Ireland

Netherlands

NAFTA Asia-Pacific

United States Australia

Canada Japan

Mexico Korea

Note: Chile and Turkey were not assigned to a region.
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international component of the variables in the model
ranging from those having relatively low external sensi-
tivities to others displaying a high degree of synchronicity
in the responses to common shocks, particularly in the
context of financial markets. The study confirmed and
measured the international components of crucial vari-
ables such as interest rates and shares prices and com-
pared them by region of origin of the corresponding
disturbances. This information, in conjunction to the
exploration of shocks to the oil price, is relevant for
researchers and monetary authorities alike as it points
out the potential direct impacts and spillovers pressing
for distinctive adjustment of national and/or regional pol-
icies. Concrete measurements of international risk conta-
gion and global rebalancing are provided by our study
and, within the same context, the impacts of shocks to
government balances on comparative risks helped to
describe consequential nominal effects of fiscal policies
which might, subsequently, generate pressures on inter-
est rates. This way, the handling of domestic and foreign
fiscal policies will impinge not only on the manoeuvring
space for monetary policies, attempting to influence the
trends of interest rates, but also on the domestic and for-
eign patterns of financial costs.

This model can be modified and extended in a num-
ber of directions but it is hoped that the present version
can be deemed as a further step towards the development
of a more holistic framework to explore key interdepen-
dencies across economies.
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ENDNOTES
1 See Becker et al. (2010), Degryse, Elahi, and Penas (2010), Fry-
McKibbin, Hsiao, and Tang (2014) and Mendoza and
Quadrini (2010).

2 This spread is interpreted as a measurement of each country's
relative risk premium, which is relevant for understanding the
comparative risk-positions within the OECD's financial map.

3 See Miao, Ramchander, and Zumwalt (2014) for a punctual
example over the S&P 500 Index.

4 See Knoop (2008) and Schularick and Taylor (2012).
5 See, for example, Chudik and Fratzscher (2011) for a detailed
explanation on trade weights to construct foreign variables.

6 Defined as the FDI balances, not the flows, prevailing at each
period of time.

7 For further discussion, see Freeman (1986).
8 Observe that our study's depiction of financial exposure above
does not include components like remittances or other current
account components, only FDI positions.

9 See Dumont and Lemaître (2005) and Salt (1992) on the implica-
tions of high-end skilled migration for example.

10 Accessible through http://api.worldbank.org.
11 In spite of their geographic proximity, neither Ireland nor France

is the United Kingdom's largest trading or investment partners,
for example. Even accentuated regional clusters like North
America are disrupted by strong trade links between the United
States and non-NAFTA economies.

12 To corroborate this, the reader can make a hypothetical experi-
ment trying to calculate the correlation between a series (poli-
cies) and only two points in time (the migration snapshots).

13 The composite weight matrix used for this study is presented in
Appendix C.

14 Austria, Australia, Belgium, Canada, Switzerland, Chile, Ger-
many, Denmark, Greece, Spain, Finland, France, Ireland, Italy,
Japan, Korea, Mexico, Netherlands, Norway, Portugal, Sweden,
Turkey, United Kingdom and United States. Note that recent
OECD enlargements (Poland, Hungary, the Czech Republic, the
Slovak Republic, Estonia, Israel and Slovenia), some as late as
2010, and other data restrictions for specific economies implied
that the data for 10 current member countries did not display the
same availability (or standards) and it was, therefore, not feasible
to incorporate them into the analysed sample.

15 http://api.worldbank.org/countries.
16 Available to download from http://www.spatial-econometrics.

com/.
17 See Appendix A for further details on the estimation and solution

of the model.
18 In line with the GVAR methodology's data requirements, few

series were excluded from the panel after finding that their
order of integration was not appropriate (either I(0) or I(1)).
That was the case of Spain's log-GDP and Japan's lending
rate series.

19 With only two exemptions: Chile and Turkey which are not
assigned to any region but, nevertheless, were kept in the panel
during all estimations.

20 Augmented vector error-correction models with domestic vari-
ables, foreign variables and endogenous variables. See
Appendix A.

21 As introduced in Koop, Pesaran, and Potter (1996) and adapted
to the VAR context in Pesaran and Shin (1998).

22 This analysis has been primarily carried out at the regional level
except for the shock to the oil price, which is considered a global
variable although, for computation purposes, it is assigned as
endogenous to the U.S. economy.

23 One standard error shocks are applied in all cases.
24 Due to the preponderance of the United States on the NAFTA

region and the fact that this variable has been excluded from the
U.S. model, the responses of the NAFTA region are not
displayed.

25 All series in each section of Figure 3 vary only, for the most part,
in terms of the comparative strength of the impact on each
region although the shapes of the responses are similar.

26 This is specially contrasting to the consistent resilience of the
Asia-Pacific region to external shocks as shown above.
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27 The large response in NAFTA's spread is mainly a result of the
oil price being endogenous to the U.S. individual model.

28 Given that the U.S. spread will always be zero, the study would
otherwise have to analyse the responses of individual economies
as Mexico and Canada creating an imbalance and inconsistency
to our regional approach.

29 A full explanation of this particular feature escapes the breadth
of this study but it clearly points towards the implications of a
linkage between the needs of financing by European govern-
ments and the contribution of its management in Japanese finan-
cial markets, which acts as a source of contagion between the
risk levels in these distant regions. See short notes on these
Europe-Japan financial interactions in O'Connor (2009) and
BFCM (2012) for further information.

30 Specifically N VARX*(pi,qi) (vector auto-regressive with foreign
exogenous variables) models.

31 Country-specific weights constructed on the basis of the elements
in our composite weight matrix Z.

32 Additional conditions for the stability of the model are required,
namely that the eigenvalues of the F matrix lie on or inside the
unit circle.

Note: Significant coefficients at the 5% level are marked in bold.
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APPENDIX

A. The GVAR model
For the purpose of empirical analysis, the study utilizes
global vector auto-regressive (GVAR) methodology,
which was first presented by Pesaran et al. (2004) and
extended in Dees et al. (2007), in order to exploit its
capabilities for the analysis of economic and financial
phenomena in the presence of interdependence
between the units in a global system and, additionally,
due to its flexibility for the study of regional clusters,
which are likely to operate in reality between OECD
economies. A GVAR model consists of a collection of
N individual vector auto-regressive models30 of
the form:

xi,t = ai0 + ai1t+Φi1xi,t−1 + � � �+Φipixi,t−pi

+Λi0x*i,t +Λi1x*i,t−1 + � � �+Λiqx*i,t−q +ui,t
ðA:1Þ

relating domestic variables, xi,t, foreign variables, x*i,t
(constructed on the basis of observed data for other units
in the model and a weighting matrix, Z), weakly exoge-
nous global variables and time trends, t. ui,t is a vector of
idiosyncratic country-specific shocks, which are serially
uncorrelated with mean 0 and a non-singular covariance
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matrix. The lag order of the domestic variables is selected
in agreement with Akaike criterion and are presented in
Appendix F, Table F1.

The country-specific foreign variables resulting from
weighted averages,

x*i,t =
XN
j=0

Zi,jx j,t, Zi,i =0, ðA:2Þ

assume the representation of unobserved common factors
for the units of analysis under a systemic (i.e., global)
approach.

The primary objective of any set of weights is to
express the relative importance of a unit j from the per-
spective of a different unit i. Homologous measurements
are achieved here by normalizing the weights in such a
way that for each unit

PN
j=0Zi,j =1 , relative to which

every entry represents a proportion.

Estimation
Following the properties outlined by Pesaran et al.
(2004), starting with VARX*(pi,qi) models as in Equa-
tion (A.1), an error-correction representation (ECM) can
be derived as:

Δxi,t = ci0−αiβ
0
i zi,t−1−γi t−1ð Þ½ �+Λi0Δx*i,t +ΓiΔzi,t−1 +ui,t

ðA:3Þ

with zi,t = x0i,t,x*0i,t
� �

, αi as a ki× ri matrix of rank ri and βi
as a ki + k*i

� �
× ri matrix of rank ri.

Although the individual models are estimated sepa-
rately, cointegration within xi, t as well as between xi, t

and x*i,t is allowed (for i 6¼ j) by the partition of βi into
βi = βi,x

0,βi,x* 0
� �

in a conformable manner to zi, t

obtaining, then, ri error correction terms of the form:

β0i zi,t−γitð Þ= β0ixxi,t + β0ix*x
*
i,t− β0iγi
� �

t ðA:4Þ

Conditional on the estimates of cointegrating vectors
βi, obtaining the rest of parameters in the model can be
achieved by applying ordinary least squares (OLS) to:

Δxi,t = ci0 + δi dECMi,t−1 +Λi0Δx*i,t +ΓiΔzi,t−1 +ui,t ðA:5Þ

with dECMi,t−1 =cβ0izi,t−1 being the error-correction term
for each ri cointegrating relationship.

Solution
The previous sections describe the treatment of the
GVAR model as a collection of individual models. To
obtain a global solution for the whole system it needs to
be approached as a single model with a vector of globally
endogenous variables k=

PN
i=0ki.

For that purpose, the study goes back from the ECM
representation to the VARX* representation of individ-
ual models collecting both domestic and foreign
variables:

Ai0zi,t = ai0 + aitt+Ai1zi,t−1 +Ai2zi,t−2 +…
+Aipizi,t−pi +ui,t

ðA:6Þ

with:

zi,t =
xi,t

x*i,t

 !
, Ai0 = Iki , −Λi0ð Þ, Ai1 = Φi1, Λi1ð Þ,

Ai2 = Φi2, Λi2ð Þ, Aipi = Φipi , Λipi

� �
:

And, through the link matrices Wi,
31 we can obtain:

zi,t = Wixt(A.7)with xt = (x00, t, x01, t, …, x0N, t) col-
lecting all the endogenous variables of the system
so that:

Ai0Wixt = ai0 + aitt+Ai1Wixt−1 +Ai2Wixt−2 + � � �
+AipiWixt−pi +ui,t

ðA:8Þ

Stacking all the N models a GVAR(p) global model in
terms of xt is obtained:

G0xt = a0 + a1t+G1xt−1 +G2xt−2 +…+Gpxt−p +ut

ðA:9Þ

With G0 being non-singular, we can pre-multiply all
the terms by its inverse and get a reduced-form GVAR:

xt = b0 + b1t + F1xt − 1 + F2xt − 2 + � � � +
Fpxt − p + εt(A.10)with:

F1 =G−1
0 G1, F2 =G−1

0 G2, Fp =G−1
0 Gp

b0 =G−1
0 a0, b1 =G−1

0 a1, ε=G−1
0 ut

Equation (A.10) is then recursively solved and it pro-
vides the basis for the dynamic analysis of the model.32
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B: Data sources

BANXICO, Banco de Mexico.
BCL, Banque Centrale du Luxembourg.
Bloomberg, Bloomberg data service.
Datastream, Datastream data service.
Eurostat, European Commission data service.
FRED, FRED Economic Data, Federal Reserve Bank

of St. Louis.
GVARdb, GVAR database (2013 Vintage). Bianchi,

A.C., Rebucci, A. and Mariscal, R., Inter-American Devel-
opment Bank, Washington DC.

IMF CDIS, Coordinated Direct Investment Survey,
International Monetary Fund.

IMF DTS, Direction of Trade Statistics, International
Monetary Fund.

IMF IFS, International Financial Statistics, Interna-
tional Monetary Fund.

OECD EO, Economic Outlook, Organization for Eco-
nomic Cooperation and Development.

OECD EO78, Economic Outlook, Standard EO78
(discontinued series), Organization for Economic Cooper-
ation and Development.

OECD MEI, Main Economic Indicators, Organiza-
tion for Economic Cooperation and Development.

OECD QNA, Quarterly National Accounts dataset,
Organization for Economic Cooperation and
Development.

OECD Stat, OECD Stat website http://stats.oecd.org/,
Organization for Economic Cooperation and
Development.

OxEc, Oxford Economics (via Datastream).
World Bank Global Bilateral Migration Database.
World Bank online database API, http://api.

worldbank.org/countries
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C: Weight matrix and weight graphs

Austria Australia Belgium Canada Switzerland Chile Germany Denmark Greece Spain Finland France

Austria 0.0000 0.0051 0.0070 0.0027 0.0517 0.0051 0.0536 0.0098 0.0234 0.0090 0.0137 0.0088

Australia 0.0175 0.0000 0.0094 0.0177 0.0177 0.0373 0.0148 0.0190 0.0357 0.0083 0.0108 0.0086

Belgium 0.0244 0.0113 0.0000 0.0062 0.0272 0.0156 0.0528 0.0233 0.0298 0.0471 0.0640 0.1377

Canada 0.0211 0.0413 0.0238 0.0000 0.0358 0.0902 0.0229 0.0344 0.0259 0.015 0.0202 0.0260

Switzerland 0.0713 0.0261 0.0253 0.0131 0.0000 0.0161 0.0584 0.0316 0.0219 0.0536 0.0114 0.0569

Chile 0.0014 0.0043 0.0022 0.0076 0.022 0.0000 0.0019 0.0014 0.0015 0.0123 0.0021 0.0022

Germany 0.4101 0.0451 0.1079 0.0172 0.1763 0.0327 0.0000 0.1486 0.2109 0.1274 0.1003 0.1401

Denmark 0.0127 0.0056 0.0073 0.0031 0.0109 0.0056 0.0235 0.0000 0.0103 0.0080 0.0351 0.0083

Greece 0.0072 0.0125 0.0050 0.0030 0.0052 0.0037 0.0064 0.0052 0.0000 0.0053 0.0051 0.0059

Spain 0.0178 0.0091 0.0332 0.0053 0.0569 0.1376 0.0385 0.0220 0.0331 0.0000 0.0159 0.0842

Finland 0.0083 0.0055 0.0135 0.0028 0.0046 0.0050 0.0102 0.0243 0.0076 0.0039 0.0000 0.0046

France 0.0437 0.0399 0.2485 0.0196 0.1061 0.0395 0.1013 0.0663 0.0689 0.1861 0.064 0.0000

Ireland 0.0043 0.0108 0.0236 0.0112 0.0148 0.0054 0.0103 0.0089 0.0082 0.0163 0.0135 0.0177

Italy 0.0933 0.0207 0.0411 0.0069 0.0777 0.0318 0.0599 0.0264 0.0840 0.0708 0.0221 0.0708

Japan 0.0074 0.1539 0.0166 0.0237 0.0173 0.0700 0.0194 0.0158 0.0112 0.0086 0.0116 0.0171

Korea 0.0034 0.0455 0.0028 0.0074 0.0045 0.0320 0.0079 0.0037 0.0132 0.0039 0.0051 0.0042

Mexico 0.0021 0.0055 0.0033 0.0171 0.0051 0.0349 0.0049 0.0025 0.0013 0.0313 0.0018 0.0038

Netherlands 0.0778 0.0409 0.2479 0.0321 0.1084 0.0534 0.1289 0.0721 0.1366 0.1057 0.0971 0.0932

Norway 0.0052 0.0038 0.0075 0.0060 0.0059 0.0133 0.0138 0.0873 0.0047 0.0076 0.0262 0.0085

Portugal 0.0035 0.0032 0.0068 0.0036 0.0129 0.0035 0.0077 0.0079 0.0038 0.0556 0.0041 0.0299

Sweden 0.0157 0.0104 0.0130 0.0045 0.0119 0.0397 0.0248 0.2083 0.0131 0.0109 0.3604 0.0117

Turkey 0.0254 0.0068 0.0131 0.0024 0.0135 0.0047 0.0302 0.0078 0.0926 0.0095 0.0072 0.0101

United Kingdom 0.0424 0.2077 0.0656 0.0731 0.0627 0.0415 0.1046 0.0752 0.0419 0.1093 0.0403 0.1150

United States 0.0841 0.2850 0.0759 0.7136 0.1706 0.2814 0.2035 0.0982 0.1203 0.0988 0.0669 0.1348

Ireland Italy Japan Korea Mexico Netherlands Norway Portugal Sweden Turkey

United

Kingdom

United

States

Austria 0.0041 0.0391 0.0043 0.0054 0.0026 0.0118 0.0092 0.0096 0.0134 0.0484 0.0060 0.0063

Australia 0.0189 0.0242 0.0627 0.0403 0.0019 0.0376 0.0077 0.0050 0.0123 0.0058 0.0957 0.0290

Belgium 0.0546 0.0607 0.0169 0.0126 0.0041 0.1278 0.0416 0.0268 0.0476 0.0416 0.0434 0.0215

Canada 0.0192 0.0357 0.0293 0.0316 0.0274 0.0598 0.0280 0.0531 0.0174 0.0057 0.0722 0.2176

Switzerland 0.0308 0.0718 0.0142 0.0102 0.0129 0.0436 0.0167 0.0427 0.0029 0.0344 0.0316 0.0341

Chile 0.0007 0.0028 0.0055 0.0068 0.0087 0.0020 0.0017 0.0011 0.0030 0.0015 0.0013 0.0086

Germany 0.0564 0.1780 0.0516 0.0486 0.0208 0.1683 0.1117 0.1067 0.1087 0.2860 0.0900 0.0710

Denmark 0.0079 0.0091 0.0042 0.0048 0.0034 0.0111 0.0786 0.0149 0.0902 0.0094 0.0116 0.0061

Greece 0.0027 0.0115 0.0028 0.0041 0.0017 0.0049 0.0030 0.0029 0.0058 0.0332 0.0047 0.0063

Spain 0.0240 0.0614 0.0071 0.0079 0.0573 0.0333 0.0313 0.2165 0.0216 0.0371 0.0400 0.0156

Finland 0.0034 0.0053 0.0038 0.0046 0.0020 0.0083 0.0184 0.0039 0.1048 0.0246 0.0057 0.0038

France 0.0805 0.1391 0.0353 0.0244 0.0092 0.0705 0.0797 0.1379 0.0561 0.0673 0.0861 0.0489

Ireland 0.0000 0.0148 0.0051 0.0070 0.0034 0.0270 0.0095 0.0158 0.0104 0.0082 0.0580 0.0273

Italy 0.0258 0.0000 0.0149 0.0118 0.0064 0.0393 0.0162 0.0457 0.0243 0.0558 0.0287 0.0218

Japan 0.0126 0.0105 0.0000 0.2939 0.0174 0.0170 0.0105 0.0065 0.0131 0.0138 0.0225 0.0874

(Continues)
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Ireland Italy Japan Korea Mexico Netherlands Norway Portugal Sweden Turkey

United

Kingdom

United

States

Korea 0.0038 0.0049 0.0752 0.0000 0.0089 0.0043 0.0075 0.0024 0.0047 0.0123 0.0048 0.0223

Mexico 0.0023 0.0036 0.0099 0.109 0.0000 0.0052 0.0010 0.0023 0.0030 0.0018 0.0032 0.1352

Netherlands 0.1087 0.1186 0.0762 0.0504 0.0433 0.0000 0.0903 0.1527 0.0903 0.1430 0.1191 0.0760

Norway 0.0084 0.0049 0.0038 0.0102 0.0020 0.0137 0.0000 0.0059 0.1047 0.0060 0.0169 0.0097

Portugal 0.0057 0.0116 0.0021 0.0025 0.0027 0.0081 0.0039 0.0000 0.0048 0.0044 0.0065 0.0040

Sweden 0.0107 0.0116 0.0073 0.0108 0.0043 0.0197 0.1847 0.0102 0.0000 0.0130 0.0154 0.0125

Turkey 0.0028 0.019 0.0041 0.0069 0.0018 0.0127 0.0087 0.0039 0.0096 0.0000 0.0073 0.0065

United

Kingdom

0.3614 0.0639 0.0640 0.0499 0.0151 0.1276 0.1088 0.0570 0.0860 0.0649 0.0000 0.1285

United

States

0.1545 0.1039 0.4995 0.3443 0.7425 0.1466 0.1313 0.0765 0.1434 0.0818 0.2293 0.0000
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FIGURE C1 Composite weights

(column-normalized)
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Data for constructing
aggregation weights

GDP, PPP (current USD, millions)
Average 1995–2013

Austria 275,496.43

Australia 700,710.00

Belgium 334,752.05

Canada 1,090,617.71

Switzerland 293,149.10

Chile 217,801.74

Germany 2,560,772.61

Denmark 180,329.51

Greece 249,386.24

Spain 1,122,600.27

Finland 157,661.07

France 1,823,464.07

Ireland 144,268.97

Italy 1,666,594.96

Japan 3,740,815.66

Korea 1,045,376.99

Mexico 1,297,748.19

Netherlands 553,903.50

Norway 210,681.30

Portugal 214,802.56

Sweden 296,971.76

Turkey 814,428.09

United Kingdom 1,835,163.83

United States 12,258,968.42
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D: Regional aggregation weights E: Contemporaneous effects of foreign Variables

Country Statistic lgdp infl curracc govbal dgdebt lrate corprate shprind Unempr

Austria Coefficient 0.25 0.68 0.02 −0.13 1.54 0.86 −0.03

Newey-West t-ratio 1.56 2.93 0.34 −0.77 2.55 4.03 −0.18

Australia Coefficient 0.75 0.47 −0.38 1.69 1.39 0.03 0.16 0.65 0.40

Newey-West t-ratio 3.69 2.92 −1.04 3.76 1.92 0.16 0.90 5.87 1.38

Belgium Coefficient −0.04 0.03 0.01 0.46 0.34 0.83 0.87

Newey-West t-ratio −0.08 0.60 0.17 2.94 8.48 5.54 1.90

Canada Coefficient 0.35 −0.89 0.02 0.64 1.22 1.03 0.88

Newey-West t-ratio 2.79 −2.27 0.09 4.23 7.34 4.04 11.53

Switzerland Coefficient 0.40 0.14 0.68 −0.01

Newey-West t-ratio 2.90 2.69 5.69 −0.03

Chile Coefficient −0.09 0.27 0.18 0.44 0.25 −0.73

Newey-West t-ratio −0.14 0.80 0.26 0.34 3.03 −0.94

Germany Coefficient 0.87 0.65 0.59 0.18 0.93 1.28 0.44

Newey-West t-ratio 2.44 3.03 1.22 2.55 6.30 11.21 1.17

Denmark Coefficient 0.67 0.18 0.03 0.22

Newey-West t-ratio 7.06 0.63 0.46 1.31

Greece Coefficient 0.49 1.27 −0.32 0.19 0.71 1.98 1.65

Newey-West t-ratio 0.54 3.38 −0.91 1.84 0.63 5.01 2.75

Spain Coefficient 1.06 0.23 −0.05 −0.07 0.62 1.26 1.01 1.39

Newey-West t-ratio 5.38 1.00 −0.62 −0.55 1.74 5.63 12.03 1.90

Finland Coefficient 0.44 −0.76 0.21 0.86 1.50 0.23

Newey-West t-ratio 2.19 −1.93 0.17 3.73 3.98 1.24

France Coefficient 0.87 0.07 0.00 0.65 0.28 1.14 1.12 0.49

Newey-West t-ratio 14.28 0.96 −0.09 1.73 1.91 10.59 15.50 2.70

Ireland Coefficient 0.79 −0.12 0.08 0.87 1.60 0.68

Newey-West t-ratio 1.33 −0.42 0.07 4.71 8.38 2.16

Italy Coefficient 0.81 0.55 0.72 −0.03 0.00 0.67 1.07 1.46 0.14

Newey-West t-ratio 3.27 6.60 4.26 −0.50 0.03 3.03 3.09 11.43 0.33

Japan Coefficient 0.82 0.18 −0.07 0.17 0.35 0.39 1.18 0.24

Newey-West t-ratio 2.01 2.88 −0.33 1.03 1.57 2.06 3.98 1.24

Korea Coefficient 0.38 0.86 −0.01 0.04 0.11 0.33 −0.86

Newey-West t-ratio 1.52 3.54 −0.01 0.02 0.45 0.81 −1.68

Mexico Coefficient 0.69 −0.31 0.36 0.74 2.44 0.58 0.12

Newey-West t-ratio 1.17 −0.98 0.66 1.18 0.73 5.19 0.35

Netherlands Coefficient 0.59 −0.09 0.30 0.27 1.13 0.78 −0.24

Newey-West t-ratio 2.59 −0.22 0.54 1.49 2.36 7.00 −0.99

Norway Coefficient 0.84 0.65 0.86

Newey-West t-ratio 3.53 1.52 6.79

Portugal Coefficient 1.12 1.09 0.21 1.03

Newey-West t-ratio 4.09 8.85 0.64 7.70

(Continues)

SEVINC & MATA FLORES 35



F: Lag-orders

The Akaike Information Criterion (AIC) was used for
determining the adequate lag order for both domestic
and foreign variables.

Country Statistic lgdp infl curracc govbal dgdebt lrate corprate shprind Unempr

Sweden Coefficient 1.14 0.78 −0.24 −0.05 −0.25 0.46 1.38 0.99 0.91

Newey-West t-ratio 4.42 3.15 −0.71 −0.60 −1.30 2.05 5.23 9.40 1.24

Turkey Coefficient 0.33 −1.13 0.53 −0.11

Newey-West t-ratio 0.72 −0.97 6.07 −0.18

United Kingdom Coefficient 0.76 −0.39 −0.87 0.92

Newey-West t-ratio 4.60 −1.19 −0.93 4.68

United States Coefficient 0.37 0.77 0.16 0.39 0.58 0.70 0.37

Newey-West t-ratio 2.63 3.65 1.19 2.05 10.10 6.02 1.35

Note: Significant coefficients at the 5% level are marked in bold.

TABLE F1 Lag order for domestic and foreign variables

Country Domestic variables Foreign variables

Austria 2 2

Australia 2 2

Belgium 2 2

Canada 2 2

Switzerland 2 2

Chile 2 2

Germany 2 2

Denmark 2 1

Greece 2 2

Spain 2 2

Finland 2 2

France 2 2

Ireland 2 1

Italy 2 2

Japan 2 2

Korea 2 2

Mexico 2 2

Netherlands 2 2

Norway 2 1

Portugal 2 1

Sweden 2 2

Turkey 1 1

United Kingdom 2 2

United States 2 2
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