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Abstract

In this paper, we investigate whether �nancial contagion happened in sovereign bond markets

of selected OECD industrialized countries during the last great recession. We analyze whether

the co-movement of their debt markets was based on normal interdependence or, on the con-

trary, they su¤ered contagion, a situation that is found when there are instabilities a¤ecting the

global and local transmission mechanism of �nancial stocks. We use cointegration models to

capture the �nancial markets co-movement by examining which markets were the most interna-

tionally synchronized. We distinguish between the global contagion �multivariate cointegration

linked to non-diversi�able risk as global liquidity conditions and agent�s risk aversion�and pure

contagion�bivariate cointegration linked to the improvement of the local or regional economic

fundamentals of a given country. Also, we distinguish others for two forms of contagion, the long

term contagion and short term contagion. Our sample covers 22 developed countries using daily

data of bond markets during the period 1999-2014. We �nd evidence of signi�cant instabilities

in cross-market linkages during the crisis.
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1 Introduction

The �nancial crisis that was originated in the US in 2007 developed into a global �nancial turmoil

and a long lasting recession in many economies of the globe. The origin of the crisis can be traced

back to the increase of unpaid mortgage loans, mostly extended to less creditworthy borrowers

(sub-prime loans), that a¤ected the stability of �nancial institutions exposed to them as well as to

the tenants of �nancial products tied to these mortgages.1 This all resulted in the collapse of large

�nancial institutions, the bailout of a¤ected banks and downturns in stock markets, which, in turn,

required political intervention.

The crisis a¤ected other countries due to standard practices of the �nancial institutions such as

securitization and o¤ balance sheet �nancing. By the end of 2007, equity markets started falling

from their peaks as a consequence of the sub-prime problem in the US and western countries such

as Spain, UK, Ireland or Greece, who su¤ered fast and sudden downturns in their �nancial markets.

In this context, many states all over the world, especially in Europe, saved their institutions by

absorbing most of the �nancial industry risk. Thus, the risk of the industry was passed to excessive

sovereign debt. Therefore, the global �nancial crisis has evolved into a sovereign debt crisis. Some

of them even required assistance from international institutions such as the International Mone-

tary Fund (IMF) or the European Central Bank (ECB) who implemented measures to reestablish

�nancial stability and the con�dence in their banking and �nancial systems.

During the Global Financial Crisis (GFC) and European debt crisis, it can be observed a large

increase in the correlation between the stock returns of the largest OECD countries. Intuitively,

this can be understood as evidence of contagion or �nancial shock spillover among �nancial markets

across di¤erent regions. It is important to di¤erentiate between cross-country linkages that exist at

all times �what is often called interdependence�versus linkages that only exist brie�y after shocks

�what is called contagion. Speci�cally, we de�ne interdependence when we con�rm that there exist

similar cointegration relationships among bonds between pre-crisis and crisis periods. If we do not

�nd a similar relationships of cointegration, we could consider that contagion exists. Contagion

modi�es the long-run links among �nancial markets, but not the interdependence that links these

markets. Monitoring the stability of cointegration relationship is important in international invest-

ment for international portfolio management and risk assessment. Contagion might lead to that

risk cannot be mitigated by a smaller opportunity of diversi�cation in international investment for

international portfolio management. In European bond markets context, the bond contagion is

important for the transmission of the European Central Bank policy among European countries.

The greater integration or contagion of European bond markets may reduce the e¢ ciency of the

common monetary policy to maintain price stability among long-term interest rates.2 Therefore, it

is important di¤erentiating between contagion and interdependence because policies which impose

additional adjustment on a country can create additional risks by increasing their vulnerability to

contagion. Furthermore, the cross-border contagion may have signi�cant consequences for �nan-

1See Markose, Giansante, Gatkowski, and Shaghaghi (2009) for the analysis of too big to fail and the system risk.
2See Clare, Maras, and Thomas (1995).
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cial stability. The cross-border shocks in one country are transmitted to other countries and this

interdependence or contagion may have adverse consequences for the stability. This instability has

led us to analyze the main causes of co-variation of the stock markets in the most industrialized

countries during the �nancial crisis.

The de�nition of contagion versus interdependence is useful in order to understand the policy

implications and its evaluating policy responses. The more restrictive de�nition allows us better

understand how crises are transmitted and what should be done. If the transmission of crises is

among interdependence, i.e., the cross-country linkages are the same in all states of the world,

policies that provide liquidity or �nancial assistance will be less e¤ective in reducing contagion.

In this case these policies just delay a necessary adjustment. But if there is contagion, i.e. that

cross-country linkages only exist brie�y after shocks �such as panic or a temporary liquidity risk�

then policies to provide liquidity or �nancial assistance until economic relationships stabilize could

potentially avoid an unnecessary and painful adjustment.3

Nevertheless, it is necessary to understand that the globalization and the di¤erent processes

of �nancial integration/convergence have created a clear interrelationship among the markets. For

this reason, we consider it necessary also to analyze the literature of markets integration and its

results. In particular, any analysis that pursues to investigate the presence of contagion has to take

into account this integration or interdependence relationship to guarantee that the conclusions

of the study are not misleading. The existence of cointegration, that implies markets integration,

would contradict this �nancial theory about E¢ cient Market Hypothesis because the returns of one

market can be predictable in the long run from the returns of the other. Granger (1986) concludes

that silver and gold prices are not cointegrated once these markets are weak e¢ cient market.4

Related to this markets integration literature, another way of understanding the contagion could

be as change of cointegration (convergence or divergence) only in times of crisis.

In the present paper we analyze the presence of contagion in the �nancial crisis taking into

account the strong dependence that exists among the economies. The main contributions of the

article are the following ones. First, we analyze the current crisis using up to date data, which

allows us to give possible solutions to the present situation. Second, we carry out the study using

�exible and robust unit root test. We only �nd Carrion-i-Silvestre and Villar (2014) in the contagion

literature that has used these tests. We choose this test because it captures all the properties of the

�nancial time series.5 Third, we also analyze the presence of cointegration using a new procedure

that is robust to main econometrics problems of the �nancial time series in contagion. We did

not �nd any paper in the contagion literature that has used this cointegration test. Fourth, we

do not need to determine endogenously or exogenously the di¤erent regimens of volatility (non-

stationary volatility) so that the cointegration test assume that the univariate process can have

these characteristics. Fifth, cointegration controls for the strong dependence that exists among the

3See Forbes (2012) for more details.
4Other authors pointed out that cointegration and e¢ ciency would not be incompatible. See, for example, Dwyer

and Wallace (1992) or Darrat and Zhong (2002).
5See Forbes and Rigobon (2002) for the econometrics problems about contagion testing.
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�nancial variables. Further, cointegration allows us take into account any channel of transmission

that is acting to spread the crisis among di¤erent countries. The transmission mechanism can

take many forms and most of them result from a healthy interdependence between countries in

good times, as well as in bad times.6 This technique also identi�es and quanti�es the e¤ects of

the crisis transmission without resorting to ad hoc identi�cation of the fundamentals. Besides,

this procedure allows us to draw conclusions that are robust to the omission of relevant variables

and simultaneous equations bias problems.7 From a policy point of view, it is essential to provide

policy makers with timely and appropriate measures of correlation changes and contagion. This will

certainly help to design appropriate policy responses and prepare contingency plans. Lastly, the

GFC has expanded the de�nition of contagion. The fact that the GFC originated in the US has led

us to consider a global shock or a shock to a large economy that is transmitted to others as a type

of contagion. Thus, one now needs to distinguish among two types of contagion: �local contagion�

and �global contagion�. The local contagion might be bilateral linkages between countries. The

global contagion is the multilateral relationship among countries. It is the relationship of a country

with the systemic risk or global economy. This de�nition of contagion allows us to analyze in

more detail the possible causes and consequences of the transmission of the shock. These two

types of contagion are useful in terms of policy implications. Each contagion has di¤erent policy

implications. The global contagion has a consequence in the global regulation and local contagion

has implications in regional or local regulation. The latter concept that is introduced in this paper

is the distinction between strong and fast contagion. We consider the dependence or cointegration

of the variables in levels among the markets is a long run dependence, that is persistent in the long

term and, therefore, stronger. Instead short-run dependence that can be found among the �rst

di¤erence of the variables, that it is one more ephemeral and fast dependency. These two types of

dependence also are useful in terms of policy implications.

This article proceeds as follows. Section 2 brie�y discusses the main contagion empirical liter-

ature. Section 3 discusses data that is used in this paper. Section 4 analyzes the empirical results

focusing on, �rst, the order of integration of the time series and, second, on the analysis of parame-

ter stability of the cointegration and Granger causality. Finally, Section 5 presents some concluding

remarks.

2 Contagion literature: An overview

In this section, we give a short overview of the empirical approximations that have been followed

in the literature to analyze the presence of contagion in periods of crisis. Although the focus of

this section is based on the empirical approaches, it is worth introducing a brief comment on the

theoretical contributions that have tackled the issue of �nancial crises and contagion. An extensive

6 In addition to this important feature for the contrast of �shift contagion�. We see that the cointegration is also
been used for the analysis channel of transmission. See Giordano, Pericoli, and Tommasino (2013), De Santis (2012)
or Gómez-Puig and Sosvilla Rivero (2014).

7See Forbes and Rigobon (2002) for the econometrics problems about contagion testing.
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literature exists in the strictly theoretical �eld, which has given rise to diverse models or generations

of models that explain the transmission of �nancial crises among countries and �nancial markets.8

Due to the evolution of theoretical models, it is possible to �nd di¤erent de�nitions of con-

tagion.9 Basically, there are two ways to de�ne �nancial contagion. The �rst approach de�nes

contagion depending on the channels of transmission that are used to spread the e¤ects of the

crisis. The second concept de�nes �shift-contagion�or contagion depending on whether the trans-

mission mechanisms are stable through time.10 In the last de�nition, if the transmission among

markets has been stable in di¤erent moments of time, we could conclude that there is a relation of

interdependence among markets, whereas if this transmission changes through time, then, we will

be facing a situation of contagion or �shift-contagion�.11

The de�nition that we rely on throughout this paper is the one that allows us to con�rm the

existence of contagion with regard to the situation of interdependence. This de�nition of contagion

conveys the break or breaks in the transmission mechanism for the crisis owing to �nancial panics,

herding or switching expectations across instantaneous equilibria.12 Speci�cally, we wish to focus

on two types of contagion:13 global contagion or systemic risk, and local or pure contagion. At

a theoretical level we note two theories to support our de�nition. Masson (1998) found these two

types of contagion or interdependence. First, the theory of �monsoonal e¤ects�and, second, the

theory of �spill-over e¤ect�. The �rst one implies that contagion during crises hits hardest those

economies that are highly globally integrated, such as through trade and �nancial linkages.14 The

second one is �pure contagion�, which implies that there is a signi�cant increase or �shift� in

cross-market linkages after a shock to an individual country.

Among the econometric approaches that enable us to analyze contagion, we have selected the

methodology that is based on cointegration and Granger causality de�nitions. We have chosen

these approaches for several reasons. First, we believe that is the best way to discern between a

stable long-term relationship and a relationship that acts in short term. Cointegration really allows

us to �nd whether this relationship exists in the long run. Second, these approaches not impose

a unique channel of contagion on the model, but it allows us to �t the combinations of various

mechanisms of transmission among countries. In addition, the use of a multivariate cointegration

approach will allow us to eliminate problems associated with the omission of relevant variables and

8The development of the literature from the �rst through fourth-generation models, or the so-called �institutional�
models, is reviewed by Breuer (2004). Other relevant surveys are Belke and Setzer (2004) and De Bandt and Hartmann
(2000).

9See Pericoli and Sbracia (2003) for the di¤erent de�nitions of contagion.
10This de�nition of contagion is related to the approach of Boyer, Gibson, and Loretan (1997), Forbes and Rigobon

(2001) and Forbes and Rigobon (2002).
11Overviews of the issues are provided by Dornbusch, Park, and Claessens (2000), Pericoli and Sbracia (2003),

Belke and Setzer (2004) and De Bandt and Hartmann (2000), among others.
12The change of the channels and intensity of shocks propagation in crisis periods could be explained by the role

of multiple equilibria.
13Bekaert, Harvey, and Ng (2005), Bekaert, Ehrmann, Fratzscher, and Mehl (2011) and Baur and Fry (2009) use

these de�nitions.
14Bekaert, Harvey, and Ng (2005) use this de�nition. Others paper that studies �global shocks� are Calomiris,

Love, and Peria (2010), Fratzscher (2012) and Eichengreen, Mody, Nedeljkovic, and Sarno (2012).
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simultaneous equations estimation bias.15

At the empirical level, we consider that cointegration approach is the best speci�cation that

re�ects and caught up our de�nitions of contagion. This econometric speci�cation allows us to

distinguish between a stable long-term (strong interdependence or strong contagion) and short-term

(fast interdependence or fast contagion) in the �nancial contagion. The cointegration approach also

allows us to identify the main causes or channels of global and local contagion.16

We can broadly divide the literature into two major strands. The �rst one, the markets integra-

tion or markets convergence, computes the number of common stochastic trends using cointegration

mainly focusing on time-varying cointegration relationships (recursive and rolling cointegration).

One of the �rst approximations that used cointegration in this framework was Kasa (1992).17 After

this seminal work, a notable volume of literature has analyzed the presence of contagion using time-

varying cointegration.18 At this point, we wish to emphasize the abundant cointegration literature

that analyzes the convergence or markets integration but without taking into account the periods of

crisis or/and unconditional volatility. The crises entail a change in the unconditional volatility and

classical cointegration analysis are not robust to non unconditional volatility. Some papers taken

into account the structural break in the mean but we have found none who has had the account the

structural break in variance to the cointegration analysis. We contribute with a new cointegration

tests robust to the unconditional volatility to analyze markets integration and strong contagion.

The second strand is �nancial contagion literature.19 One of the �rst approximations that used

cointegration in this framework was Cashin and McDermott (1995).20 After this seminal work, a

notable volume of literature has analyzed the presence of contagion using cointegration and Granger

causality on di¤erent markets and �nancial crises, but mainly focusing in Granger causality.21 In

this article we relate the fast contagion with the literature of Granger causality. Our approach is

then more related to the works of Yunus (2013), Fofana and Seyte (2012) and Gentile and Giordano

(2012), who use a cointegration test to analyze the �shift contagion�.22

3 Data and sample

The data source is Thomson Reuters Financial Datastream, from which we have selected a sample

including 22 (OECD industrialized) economies: Australia, Austria, Belgium, Canada, Denmark,
15See Forbes and Rigobon (2002) for the econometrics problems about contagion testing.
16See Bekaert, Ehrmann, Fratzscher, and Mehl (2011).
17Another papers in which cointegration is also analyzed are Corhay, Rad, and Urbain (1993) or Richards (1995).
18Another papers in which cointegration is also analyzed are Rangvid (2001), Pascual (2003), Voronkova (2004),

or Basse (2014).
19For survey of cointegration in contagion see Mollah and Hartman (2012). In the introduction of AuYong, Gan,

and Treepongkaruna (2004) can also see a brief summary of the contagion test using cointegration and Granger
causality.
20Another papers in which cointegration is also analyzed are Longin and Solnik (1995) or Malliaris and Urrutia

(1992)
21See Khalid and Kawai (2003), Sander and Kleimeier (2003), Gómez-Puig and Sosvilla-Rivero (2014) or Lee,

Tucker, Wang, and Pao (2014).
22See also Corsetti, Pericoli, and Sbracia (2005), Forbes and Rigobon (2002), Dungey, Martin, and Pagan (2000)

and Bekaert, Harvey, and Ng (2005).
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Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Netherlands, New Zealand,

Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom and United States. The data

employed that we use in this paper is the daily average redemption yield annualized in local currency

of benchmark 10 year maturity government bond market indices (10-year sovereign bond yields). We

select the long-term government bonds instead of shorter-term ones because the monetary policy

operations are more likely to have an clearer in�uence on long-term government bonds than on

short-term ones 23 and the long-term government bonds can be used as closer maturity substitutes

to stocks.

We choose the Benchmark indices because they are based on single bonds. The bond selected

for each economy is the most representative bond available for the given maturity band at each

point in time. Benchmarks are selected according to the accepted conventions within each market.

Generally, the benchmark bond is the latest issue within the given maturity band; consideration is

also given to yield, liquidity, issue size and coupon. The constituents are reviewed at the beginning

of each month, and any changes are made at that time. Constituents are then �xed until the start

of the following month.24

The Average Redemption Yield - Annualized (RA) presents the return on a bond if it is bought

today at the market price and is held to its maturity date. This yield does not only re�ect the gain

or loss held when it matures, but also the future and present interest payments. The redemption

yield is the discount rate at which the sum of coupons and principal from the bond, all future cash

�ows, is equal to the price of the bond. The Average Redemption Yield - Annualized is calculated

as:

RAi;t =

Pn
j=1 Yi;j;t �Di;j;t � (Pi;j;t +Ai;j;t) �Ni;j;tPn

j=1Di;j;t � (Pi;j;t +Ai;j;t) �Ni;j;t

where: RAi;t is a Average Redemption Yield - Annualized on day t for the i-th time series index,

Yi;j;t is the redemption yield to assumed maturity on day t for the j-th bond in the i-th time series

index, Di;j;t is the duration of the j-th bond in the i-th time series index on day t, Pi;j;t is the

clean price on day t for the j-th bond in the i-th time series index, Ai;j;t is the Accrued interest to

the �normal�settlement date for the j-th bond in the i-th time series index on day t, Ni;j;t is the

nominal value of amount outstanding is known, otherwise the issued amount, on day t for the j-th

bond in the i-th time series index.25

The frequency of the data set is daily (Monday to Friday) and the period covers from April 1st,

1999 through November 17th, 2014. This period is selected so that it enables analysis the both

tranquil and crisis periods and it avoid possible problems for the introduction of the Euro. We

choose daily data because we thought that lower frequency series may lost part of the information

on �nancial interdependence and contagion.

23See Urich and Wachtel (2001).
24See Datastream Government Bond Indices.
25See Datastream Global Equity indices User Guide.
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4 Empirical Analysis

4.1 Univariate analysis

In this section we will analyze each 10-year sovereign bond yields. The sovereign bond series, as

other �nancial time series, are expected to show conditional and unconditional volatility in their

variance. In the period of time that we are analyzing, we expect that some bonds are a¤ected

by the presence of structural breaks in variance (unconditional heteroskedasticity),26 which can be

due, for instance, to di¤erent intensities of each �nancial markets in crisis periods. We address the

issue of the non-stationary volatility (unconditional heteroskedasticity), one of the most common

econometric problems in the analysis of �shift-contagion�. First, the non-stationary volatility in

the univariate level can involve a change in the unconditional variance-covariance matrix at a

multivariate level, which in turn can mislead the interpretation of �nancial contagion.

In econometric terms, a structural change in volatility invalidates the classical unit root test

and cointegration test. The stationary time-varying conditional variance (conditional heteroskedas-

ticity) does not in�uence in the unit root test and cointegration test27 but non-stationary volatility

can have a strong in�uence in the limiting distribution of these tests under the null hypothesis.28

In this section, we proceed testing for the existence of unconditional heteroskedasticity (Sansó,

Aragó, and Carrion-i-Silvestre (2004)), showing that this feature is present in our dataset.29 Then,

we compute unit root tests that must be robust to unconditional heteroskedasticity. To the best

of our knowledge, there is only other contribution, Carrion-i-Silvestre and Villar (2014), in the

empirical literature that analyzes �nancial contagion. However, non-stationary volatility has a

great in�uence on the stochastic properties of the processes and the unit root test. In order to

overcome this drawback, in this paper, we consider a bootstrap-based statistic proposed by Smeekes

and Taylor (2012) that is robust to non-stationary volatility,30 trend uncertainty31 and uncertainty

about the initial condition.

The Smeekes and Taylor (2012) test speci�es the null hypothesis of unit root (H0 : c = 0) against

the alternative hypothesis of I(0) (H0 : c > 0) based on the speci�cation of the following data-

26See Forbes and Rigobon (2002) for the non-stationary volatility problems about contagion testing.
27See Hansen and Rahbek (1998), Cavaliere (2003) or Ling, Li, and McAleer (2003).
28See Hamori and Tokihisa (1997), Kim, Leybourne, and Newbold (2002) or Cavaliere and Taylor (2008).
29See Wang and Nguyen Thi (2013) and Dungey and Gajurel (2014) for the study of endogenous break of the

unconditional heteroskedasticity in �nancial contagion.
30Cavaliere and Taylor (2008) includes in non-stationary: both single and multiple abrupt breaks in variance,

polynomially trending volatility, piecewise trending volatility, and smooth transition variance breaks.
31Robust to with and without a deterministic linear trend.
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generating process (DGP). In order to simplify the exposition we the i subscript from the notation:

yt = xt + �+ �T t

xt = �Txt�1 + ut

ut =
1X
j=0

 j�t�j =:  (L)�t; ( 0 = 1)

where : �T = 1�
c

T

t = 0; 1; : : : ; T .32 The Smeekes and Taylor (2012) union test statistic is:

UR�4;e(�) = min(DF �QD��e ; (c�
��

QD(�)

c��
�
QD(�)

)DF �QD��e ;
(
c��

�

QD(�)

c��
�

OLS(�)
)DF �OLS�

�e ; (
c��

�

QD(�)

c��
�
OLS(�)

)DF �OLS��e )
where DF : (Augmented) Dickey � Fuller Test

and the critical value is:

c��UR;e(�) = maxfx : N�1
NX
b=1

I(UR�4;e;b(�) < x) � �):

The results of Smeekes and Taylor (2012) test statistic are presented in Table 1 for both the

Bonds series and �rst di¤erence of the Bonds series. As can be seen, the null hypothesis of unit

root is clearly rejected at the 5% level of signi�cance when applied on the �rst di¤erence of the time

series, whereas it is not rejected when computed on the time series in levels. Therefore, we conclude

that the returns of Bonds are I(1) stochastic processes. Consequently, the overall conclusion in this

section is that all time series are I(1) non-stationary stochastic processes.

Let us now focus on the analysis of the unconditional volatility of the di¤erent series. The

unconditional volatility analysis allows us to con�rm the importance of Smeekes and Taylor (2012)

test in the study of �nancial contagion. The unconditional heteroskedasticity is a common feature

in �nancial series,33 a characteristic that needs to be considered when carrying out the order of

integration and cointegration analyses.

The analysis of the unconditional volatility is relevant because this is one of the most important

contributions of the Rigobon (2003) paper to the �nancial contagion literature. Further, we also

�nd di¤erent characteristics in the descriptive analysis that makes us think of that this econometric

problem exists in the data that is analyzed in this paper.34 We want to test whether the uncon-

ditional variance experiences changes throughout the period analyzed, for each �rst di¤erence of

32With the assumption 1� (Non-stationary volatility), 2 (Trend uncertainty), 3 (Uncertainty about the initial
condition), 4 and 5 of the Smeekes and Taylor (2012).
33See, for example, Cavaliere and Taylor (2008).
34See Table 16
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the bonds.35 To analyze the structural change in the unconditional variance we choose the �2
statistic in Sansó, Aragó, and Carrion-i-Silvestre (2004).36 The �2 statistic in Sansó, Aragó, and

Carrion-i-Silvestre (2004) is not robust to conditional heteroskedasticity. So, �rst we need to test

for the presence of a GARCH structure and estimate a GARCH for the whole period before we

compute the �2 test Sansó, Aragó, and Carrion-i-Silvestre (2004).37 We select the whole period

because under the null hypothesis in Sansó, Aragó, and Carrion-i-Silvestre (2004) there is constant

unconditional and conditional heteroskedasticity.38

We test and �lter each �rst di¤erence of the time series for conditional variances with the

GARCH structure. This procedure can help us to test the unconditional variance. Before, we

test the conditional mean because the misspeci�cation of the conditional mean provokes poor

properties of GARCH test.39 The results of this test are showed in Table 3. After the conditional

mean analysis, we compute the Engle (1982) and Broock, Scheinkman, Dechert, and LeBaron

(1996) LM tests to study the volatility of �rst di¤erence of the bonds. The computation of both

tests statistics leads to the same conclusion, i.e., the �rst di¤erence of bonds has a non-constant

conditional volatility. These results are consistent with the correlograms of the series and their

squares.40 The results indicate that the GARCH speci�cation is plausible. Finally, we analyze

for nonlinear GARCH structure or leverage e¤ect, using the Sign Bias (SB), Negative Size Bias

(NSB), and Positive Size Bias (PSB) tests and the general test for asymmetric volatility e¤ects.41

The results of these statistics are reported in Table 6, which point to the presence of non-constant

conditional volatility in our data.42

Finally, before we compute the �2 statistic in Sansó, Aragó, and Carrion-i-Silvestre (2004), we

estimate the GARCH structure. In order to select among the di¤erent model speci�cations and

distributions, we focus on the largest log likelihood value and the smallest AIC and BIC criteria.

When there is no unanimous match, we select the model with the smallest information criterion,

prioritizing the BIC information criteria. With the previous results, we �nd the best model between

di¤erent ARMA-GARCH structures with di¤erent distributions. In the conditional mean we can

select between a AR(1) and no ARMA structure. The order of the GARCH speci�cation is always a

P = Q = 1; but we select between GARCH and EGARCH speci�cations. The di¤erent distributions

of the GARCH structure are Normal Gaussian Distribution, Student t-Distribution, Generalized

35See Wang and Nguyen Thi (2013): Lamoureux and Lastrapes (1990) point that the ignorance of structural breaks
might cause over-estimation of heteroskedasticity and a¤ect the reliability of its application to other analyses. Hansen
(2001) maintains that structural breaks are endogenous and determined by the data, so that exogenous determination
of the structural break would mislead the model �tted. Also see Fang and Chang (2007).
36We also performance the test in Inclan and Tiao (1994) and �1 statistic Sansó, Aragó, and Carrion-i-Silvestre

(2004) and obtained the same conclusions.
37Details on the results are available from the authors upon request.
38We estimate an exponential GARCH(1,1,1), except for Greece and Japan, for which the estimated model has

been an exponential GARCH(2,1,1), with Generalized Error Distribution during all period.
39See Lumsdaine and Ng (1999).
40See Table 5 and 4 for the results.
41See Engle and Ng (1993).
42See Eichengreen, Mody, Nedeljkovic, and Sarno (2012) for the problems that can appear when working with

multivariate GARCH model.
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Error Distribution and Hansen�s Skew-t Distribution.43

Table ?? con�rms the existence unconditional heteroskedasticity in the �rst-di¤erence of the
bonds. The test concludes that there is at least one structural break in the unconditional vari-

ance for 15 out of 22 yields, and no break in 7 out of 21 yields.44 Therefore, we do not assume

heteroskedasticity ad-hoc. Instead, we test for its presence in an endogenous way. The results

on the �ltered �rst-di¤erenced data allow us to conclude that the return of the bonds are I(1)

non-stationary processes with non-stationary volatility.

4.2 Analysis of the markets integration and strong contagion e¤ect

The strategy to analyze the presence of strong contagion is based on cointegration analysis. We wish

to analyze both local and global strong contagion. We de�ne between global and local contagion

depending on the cointegration relationships in di¤erent sub-sets of countries. If we �nd multivariate

cointegration when selecting a full sample with many variables, then we must understand that

there is strong global interdependence. We de�ne strong global contagion when the multivariate

cointegration relationships change when we move from quiet period to crisis period. Similarly,

we conclude that strong local interdependence exists when the bivariate cointegration is stable

in whole period, whereas local strong contagion exists when this bivariate cointegration changes

through time.

The starting point of crisis is exogenously determined on August 1st, 2007, a decision that

bases on two reasons. First, in order to get a general picture of the situation, we have split the

sample in two subsamples (tranquil and turbulent periods) using as the break point the date in

which begins the liquidity shortages worldwide and the central banks �mainly the Federal Reserve

and the European Central Bank�coordinated e¤orts to increase the liquidity of the markets. We

de�ne tranquil and turbulent periods as stretching from April 1st, 1999 through July 31th, 2007

and from August 1st, 2007 through November 17th, 2014, respectively. These subsamples allow

the comparison between periods without worrying about di¤erent power of test statistics for each

period because they have similar number of observations.

In the previous section, we have shown that the sovereign debt su¤ers from unconditional

volatility. This feature of the data does not allow us to proceed with the strong contagion analysis

with the classical cointegration tests. The sequential procedure based on the asymptotic (pseudo-)

likelihood ratio test of Johansen (1995) can be signi�cantly upward size distorted in the presence of

non-stationary heteroskedasticity. Cavaliere, Rahbek, and Taylor (2010) show that the sequential

(pseudo-) likelihood ratio test of Johansen (1995) is no longer valid, even asymptotically, in the

43The ARMA(1,0)-GARCH(1,1)-GED distribution estimation are for Australia, Austria, Belgium, Denmark, Fin-
land, France, Ireland, Italy, Netherlands, Norway, Spain and Sweden. The ARMA(0,0)-GARCH(1,1)-GED distrib-
ution estimation are for Germany, Switzerland, United Kingdom, United States, New Zealand, Canada and Japan.
The ARMA(1,0)-EGARCH(1,1)-GED distribution estimation is for Greece. The ARMA(0,0)-EGARCH(1,1)-GED
distribution estimation is for Portugal. Finally, The ARMA(1,0)-EGARCH(1,1)-Hansen distribution estimation is
for Hungary.
44We also performance the test without GARCH structure and arrived at the same conclusions although up to

eight structural breaks have been detected, depending on the case.
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presence of non-stationary heteroskedasticity.

Then, we compute cointegration tests that are robust to non-stationary unconditional het-

eroskedasticity.45 To the best of our knowledge, there is no other contribution in the empirical

literature that analyzes �nancial contagion. Covering this feature, as we have mentioned above,

non-stationary volatility has a great in�uence on cointegration test. In order to overcome this

drawback, in this paper, we consider two robust tests. The wild bootstrap implementation of the

Johansen (1995) test procedure proposed by Cavaliere, Rahbek, and Taylor (2014) and the BIC

semi-parametric variant of information-based method proposed by Cheng and Phillips (2009). In

both tests we use the BIC to select the lag length parameter. We have applied both test statistics

because it is not clear which test has better relative �nite sample properties.46

The tests are based on a m-dimensional process fXtg which satis�es a vector-autoregressive
model (VAR) of order k written in the error correction form:

�Xt = ��0Xt�1 +
k�1X
i=1

�i�Xt�i + ��
0Dt + �dt + �t; t = 1; :::; T; (1)

where � and � are (m� r0)-matrices, and r0 the unknown cointegrating rank. The error term
�t is assumed to satisfy the assumptions outlined in Cavaliere, Rahbek, and Taylor (2014). The

deterministic component in equation (1) is de�ned according to one of the following cases: (i)

Dt = 0, dt = 0 (no deterministic component); (ii) Dt = 1, dt = 0 (restricted constant); or (iii)

Dt = 1, dt = 1 (restricted linear trend).47

BIC(k; r) = T log jS(k)00 j+ T
rX
i=1

log(1� b�(k)i ) + (log T )�(k; r) (2)

(ekIC ; erIC) = arg min
r=0;::p;k=1::;K

IC(k; r): (3)

The results of Table 8 shows, on the one hand, that there is weak strong local interdependence.

Only the 25% of total bivariate cointegration tests �nd cointegration relationships in the calm

period.48 This strong local interdependence disappears in the crisis period. This soft change

indicates that the strong local contagion is weak. On the other hand, looking at the strong global

interdependence, we see that the percentage of cointegration relationships among countries increases

as the dimension of Xt � i.e., the number of countries considered in the model � gets larger.49

Notwithstanding, the increase in m does not lead to detect more cointegrating relationships, since

the cointegrating rank equals one in all cases. Finally and regarding the global contagion, there

45Both test are robust of the form considered in Cavaliere, Rahbek, and Taylor (2010).
46See Cavaliere, Angelis, Rahbek, and Taylor (2015).
47 see, e.g. Johansen (1995).
48We performed the BIC joint cointegration test in full period to analyze the robustness of our results. We found

similar conclusion in full period. It allows us to have a more robust �nding.
49We performed the BIC joint cointegration test in full period to analyze the robustness of our results. We found

similar conclusion in full period. It allows us to have a more robust �nding.
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is no cointegration relationships in the crisis period, despite of the value of m. Therefore, we can

conclude that there is a signi�cant strong global contagion.

4.3 Analysis of fast contagion and Granger causality

After the strong contagion analysis has been carried out, we focus on the study of fast contagion

with pairwise Granger causality. The concept of Granger causality implies that the cause cannot

come after the e¤ect. Thus, if one variable Xt causes another Yt, the former should help improving

the predictions of the latter variable. In addition, if the second one Yt also causes the former Xt,

(Xt; Yt) de�nes a so-called feedback system. The classical Granger causality test of Granger (1969)

estimates a bivariate VAR model. This approach allows us to study the short-run dynamics of

contagion. There are two Granger causality speci�cations when the variables are non-stationary.

The �rst one appears when the variables are non-stationary and non-cointegrated. The Granger

causality test is a Wald test that speci�es the null hypothesis that H0 : x;j = 0 8j against the
alternative hypothesis that H1 : x;j 6= 0 for some j in the system:

�Xt = �x +

p�1X
i=1

�x;i�Xt�i +
k�1X
j=1

x;j�Yt�j + �1;t (4)

�Yt = �y +

p�1X
i=1

�y;i�Yt�i +
k�1X
j=1

y;j�Xt�j + �2;t: (5)

If the variables are non-stationary but cointegrated, the Wald test is performed on the speed of

adjustment coe¢ cient �the parameter of the error correction term Zt�of the VAR model expressed

in an error correction form:

�Xt = �x +

p�1X
i=1

�x;i�Xt�i +
k�1X
j=1

x;j�Yt�j +  xZt�1 + �1;t (6)

�Yt = �y +

p�1X
i=1

�y;i�Yt�i +
k�1X
j=1

y;j�Xt�j +  yZt�1 + �2;t (7)

When there is no cointegration, Granger causality is tested using the system de�ned by (4) and

(5), whereas the system de�ned by (6) and (7) is used when cointegration is found. The lag length

k is chosen by joint IC cointegration test. We select this criteria because the Granger causality

test is sensible to the right selection.50 This approach captures the non-stationary volatility and

improves this step that has been used in the literature of Granger causality in �nancial contagion.

The results are reported in Table 9, for the tranquil period, and in Table 10, for the crisis

period. These results point to the presence of fast contagion since the short-run dynamics causality

is di¤erent in the tranquil and crisis periods. Further, the evidence of weak fast contagion decreases

in the crisis period �evidence of Granger causality in the calm period is found in 39% of case, which

50See Thornton and Batten (1985)
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reduces to 23% in the crisis period.

5 Conclusions

The present article contributes to the analysis of European debt crisis and Great recession by

stating that the market behavior in such a turbulent period is marked by a change in the short

and long term dependence that di¤ers from the ones found in the tranquil period. The analysis is

performed using the most industrialized OECD countries, and has led us to conclude that, under

the current economic conditions, the strong and fast dependence that link the debt markets of these

countries have a unique character that can be associated to �nancial contagion.

The analysis that has been conducted reveals that the returns of the sovereign debt of OECD

countries are non-stationary processes with non-stationary volatility. We use endogenously deter-

mined tests to assess the presence of non-stationary volatility.

Our analysis bases on the speci�cation of a common stochastic trend, cointegration and Granger

causality analyses, which aim to control the presence of global and local contagions (cross-section

dependence) and, strong and fast contagions (cross-section dependence in the long and short terms).

Thus, the application of cointegration test statistics has revealed that the long-term or strong

dependence that exists in the tranquil period disappears in the crisis period. Further, the short

term dependence decreases in the crisis period. These conclusions are important in international

investment for international portfolio management and risk assessment. The framework that has

been used in this paper, which relies on the use of cointegration and Granger causality analyses�

accounts for all possible channels of transmission. In this regard, our approach mitigates the

potential drawbacks caused by misspeci�cation errors. However, we cannot ascertain which speci�c

contagion channel is more prevalent in the present study, a question that is out of the scope of this

paper. The main contribution of this paper is the robust analysis of unit root, cointegration and

Granger causality analysis accounting for the presence of non-stationary volatility, an approach

that allows us to overcome the criticism in Forbes and Rigobon (2002).
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Table 8: Percentage of one cointegration vector fr = 1g using the joint procedure
Multivariate cointegration test Bivariate Trivariate 4th 5th 6th
Calm period 25% 52% 63% 74% 89%
Crisis period 0 0 0 0 0
Number of combinations 231 1540 7315 26334 74613

Note: The rejection of the corresponding null hypothesis is at 5 % level of
signi�cance

28



T
ab
le
9:
G
ra
ng
er
ca
us
al
it
y
tr
an
qu
il
p
er
io
d

A
T

B
E

F
I

F
R

D
E

G
R

IR
IT

N
L

P
T

E
S

D
K

N
O

S
E

U
K

H
U

C
H

A
U

N
Z

C
A

U
S

J
P

A
u
st
ri
a

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
4

0
.0
4

0
.0
1

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

B
e
lg
iu
m

N
a
N

0
.0
5

N
a
N

0
.0
0

0
.0
0

0
.0
0

0
.0
0

0
.0
0

N
a
N

N
a
N

0
.0
0

0
.0
4

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

F
in
la
n
d

N
a
N

0
.0
0

0
.0
3

0
.0
0

0
.0
0

0
.0
3

0
.0
0

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
1

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

F
ra
n
c
e

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

0
.0
0

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

G
e
rm

a
n
y

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
4

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

G
re
e
c
e

0
.0
2

N
a
N

N
a
N

0
.0
1

0
.0
0

0
.0
0

0
.0
1

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
3

N
a
N

N
a
N

0
.0
2

0
.0
0

N
a
N

Ir
e
la
n
d

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

0
.0
0

0
.0
0

N
a
N

0
.0
1

0
.0
0

0
.0
4

N
a
N

0
.0
1

N
a
N

0
.0
3

0
.0
5

N
a
N

0
.0
1

0
.0
0

N
a
N

It
a
ly

0
.0
1

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

0
.0
1

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

N
e
th
e
rl
a
n
d
s

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
1

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
4

0
.0
3

N
a
N

0
.0
2

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

P
o
rt
u
g
a
l

N
a
N

N
a
N

0
.0
3

N
a
N

0
.0
0

0
.0
1

0
.0
0

0
.0
0

0
.0
0

0
.0
0

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
1

N
a
N

N
a
N

0
.0
1

0
.0
0

0
.0
3

S
p
a
in

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

0
.0
0

0
.0
0

N
a
N

0
.0
0

0
.0
3

0
.0
1

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

D
e
n
m
a
rk

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
2

0
.0
1

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

0
.0
0

N
a
N

0
.0
0

0
.0
0

N
a
N

N
o
rw

a
y

N
a
N

N
a
N

0
.0
3

0
.0
3

N
a
N

0
.0
1

0
.0
3

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

S
w
e
d
e
n

N
a
N

N
a
N

N
a
N

0
.0
4

0
.0
1

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

U
n
it
e
d
K
in
g
d
o
m

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

0
.0
3

N
a
N

0
.0
0

0
.0
4

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

H
u
n
g
a
ry

0
.0
1

N
a
N

N
a
N

0
.0
2

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

0
.0
4

N
a
N

N
a
N

0
.0
4

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

S
w
it
z
e
rl
a
n
d

0
.0
2

N
a
N

N
a
N

N
a
N

0
.0
2

0
.0
0

N
a
N

0
.0
1

N
a
N

0
.0
5

N
a
N

0
.0
1

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
5

0
.0
0

0
.0
0

N
a
N

A
u
st
ra
li
a

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

0
.0
1

N
e
w
Z
e
a
la
n
d

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
0

0
.0
0

N
a
N

C
a
n
a
d
a

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
3

0
.0
0

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

U
n
it
e
d
S
ta
te
s

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
4

0
.0
0

0
.0
2

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

0
.0
0

N
a
N

J
a
p
a
n

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
5

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
o
te
:
N
a
N
in
d
ic
a
te
s
re
je
ct
io
n
o
f
th
e
co
rr
es
p
o
n
d
in
g
n
u
ll
h
y
p
o
th
es
is
a
t
5
%
le
v
el
o
f
si
g
n
i�
ca
n
ce

29



T
ab
le
10
:
G
ra
ng
er
ca
us
al
it
y
cr
is
is
p
er
io
d

A
T

B
E

F
I

F
R

D
E

G
R

IR
IT

N
L

P
T

E
S

D
K

N
O

S
E

U
K

H
U

C
H

A
U

N
Z

C
A

U
S

J
P

A
u
st
ri
a

0
.0
0

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
4

N
a
N

N
a
N

N
a
N

N
a
N

B
e
lg
iu
m

0
.0
0

0
.0
3

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
0

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

F
in
la
n
d

0
.0
4

0
.0
0

0
.0
4

0
.0
0

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
3

N
a
N

N
a
N

F
ra
n
c
e

N
a
N

0
.0
0

N
a
N

0
.0
3

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
5

N
a
N

N
a
N

N
a
N

0
.0
5

0
.0
1

N
a
N

G
e
rm

a
n
y

N
a
N

0
.0
1

N
a
N

N
a
N

0
.0
2

N
a
N

0
.0
4

N
a
N

N
a
N

0
.0
3

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
2

0
.0
0

N
a
N

G
re
e
c
e

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

Ir
e
la
n
d

0
.0
1

0
.0
0

0
.0
1

0
.0
2

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
5

N
a
N

N
a
N

0
.0
2

0
.0
5

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

It
a
ly

0
.0
2

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
2

N
a
N

0
.0
0

0
.0
2

0
.0
3

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
e
th
e
rl
a
n
d
s

N
a
N

0
.0
2

N
a
N

N
a
N

0
.0
1

0
.0
3

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

0
.0
0

N
a
N

N
a
N

P
o
rt
u
g
a
l

N
a
N

0
.0
4

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

S
p
a
in

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

D
e
n
m
a
rk

N
a
N

0
.0
5

N
a
N

N
a
N

N
a
N

0
.0
4

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
0

0
.0
1

N
a
N

N
o
rw

a
y

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
1

0
.0
1

N
a
N

S
w
e
d
e
n

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
3

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
1

0
.0
0

N
a
N

U
n
it
e
d
K
in
g
d
o
m

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
4

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

0
.0
3

0
.0
0

0
.0
0

N
a
N

H
u
n
g
a
ry

N
a
N

N
a
N

N
a
N

0
.0
4

N
a
N

N
a
N

N
a
N

0
.0
3

0
.0
4

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

S
w
it
z
e
rl
a
n
d

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

0
.0
1

0
.0
0

N
a
N

A
u
st
ra
li
a

0
.0
4

0
.0
1

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

0
.0
1

0
.0
0

N
a
N

N
e
w
Z
e
a
la
n
d

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

0
.0
0

0
.0
0

N
a
N

C
a
n
a
d
a

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

0
.0
2

N
a
N

N
a
N

U
n
it
e
d
S
ta
te
s

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
3

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
2

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
1

N
a
N

0
.0
0

N
a
N

J
a
p
a
n

N
a
N

N
a
N

0
.0
5

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
3

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

N
a
N

0
.0
0

N
a
N

N
a
N

0
.0
0

N
o
te
:
N
a
N
in
d
ic
a
te
s
re
je
ct
io
n
o
f
th
e
co
rr
es
p
o
n
d
in
g
n
u
ll
h
y
p
o
th
es
is
a
t
5
%
le
v
el
o
f
si
g
n
i�
ca
n
ce

30



References

AuYong, H. H., C. Gan, and S. Treepongkaruna (2004): �Cointegration and causality in the Asian

and emerging foreign exchange markets: Evidence from the 1990s �nancial crises,� International Review

of Financial Analysis, 13(4), 479�515.

Basse, T. (2014): �Searching for the EMU core member countries,�European Journal of Political Economy,

34, S32�S39.

Baur, D. G., and R. A. Fry (2009): �Multivariate contagion and interdependence,� Journal of Asian

Economics, 20(4), 353�366.

Bekaert, G., M. Ehrmann, M. Fratzscher, and A. J. Mehl (2011): �Global crises and equity market

contagion,�Discussion paper, National Bureau of Economic Research.

Bekaert, G., C. R. Harvey, and A. Ng (2005): �Market Integration and Contagion,� Journal of

Business, 78(1).

Belke, A., and R. Setzer (2004): �Contagion, herding and exchange-rate instability�A survey,� Intere-

conomics, 39(4), 222�228.

Boyer, B. H., M. S. Gibson, and M. Loretan (1997): Pitfalls in tests for changes in correlations, vol.

597. Board of Governors of the Federal Reserve System.

Breuer, J. B. (2004): �An exegesis on currency and banking crises,�Journal of Economic Surveys, 18(3),

293�320.

Broock, W., J. A. Scheinkman, W. D. Dechert, and B. LeBaron (1996): �A test for independence

based on the correlation dimension,�Econometric Reviews, 15(3), 197�235.

Calomiris, C. W., I. Love, and M. S. M. Peria (2010): �Crisis "shock factors" and the cross-section

of global equity returns,�Discussion paper, National Bureau of Economic Research.

Carrion-i-Silvestre, J. L., and Ó. Villar (2014): �Dependence and �nancial contagion in the stock

market during the great recession,�.

Cashin, P. A., and C. J. McDermott (1995): �International integration of equity markets and contagion

e¤ects,�.

Cavaliere, G. (2003): �Asymptotics for unit root tests under Markov regime-switching,�The Econometrics

Journal, 6(1), 193�216.

Cavaliere, G., L. D. Angelis, A. Rahbek, and A. R. Taylor (2015): �Determining the Co-integration

Rank in Heteroskedastic VAR Models of Unknown Order,�.

Cavaliere, G., A. Rahbek, and A. R. Taylor (2010): �Testing for co-integration in vector autoregres-

sions with non-stationary volatility,�Journal of Econometrics, 158(1), 7�24.

(2014): �Bootstrap determination of the co-integration rank in heteroskedastic VAR models,�

Econometric Reviews, 33(5-6), 606�650.

Cavaliere, G., and A. Taylor (2008): �Bootstrap unit root tests for time series with nonstationary

volatility,�Econometric Theory, 24(1), 43�71.

Cheng, X., and P. C. Phillips (2009): �Semiparametric cointegrating rank selection,�The Econometrics

Journal, 12(s1), S83�S104.

31



Clare, A. D., M. Maras, and S. H. Thomas (1995): �The integration and e¢ ciency of international

bond markets,�Journal of Business Finance & Accounting, 22(2), 313�322.

Corhay, A., A. T. Rad, and J.-P. Urbain (1993): �Common stochastic trends in European stock

markets,�Economics Letters, 42(4), 385�390.

Corsetti, G., M. Pericoli, and M. Sbracia (2005): �"Some contagion, some interdependence": More

pitfalls in tests of �nancial contagion,�Journal of International Money and Finance, 24(8), 1177�1199.

Darrat, A. F., and M. Zhong (2002): �Permanent and Transitory Driving Forces in the Asian-Paci�c

Stock Markets,�Financial Review, 37(1), 35�51.

De Bandt, O., and P. Hartmann (2000): �Systemic risk: A survey,� Working Paper Series 0035,

European Central Bank.

De Santis, R. A. (2012): �The Euro area sovereign debt crisis: safe haven, credit rating agencies and the

spread of the fever from Greece, Ireland and Portugal,�.

Dornbusch, R., Y. C. Park, and S. Claessens (2000): �Contagion: understanding how it spreads,�

The World Bank Research Observer, 15(2), 177�197.

Dungey, M., and D. Gajurel (2014): �Equity market contagion during the global �nancial crisis: Evi-

dence from the world�s eight largest economies,�Economic Systems, 38(2), 161�177.

Dungey, M., V. L. Martin, and A. R. Pagan (2000): �A multivariate latent factor decomposition of

international bond yield spreads,�Journal of Applied Econometrics, 15(6), 697�715.

Dwyer, G. P., and M. S. Wallace (1992): �Cointegration and market e¢ ciency,�Journal of Interna-

tional Money and Finance, 11(4), 318�327.

Eichengreen, B., A. Mody, M. Nedeljkovic, and L. Sarno (2012): �How the subprime crisis went

global: Evidence from bank credit default swap spreads,� Journal of International Money and Finance,

31(5), 1299�1318.

Engle, R. F. (1982): �A general approach to Lagrange multiplier model diagnostics,� Journal of Econo-

metrics, 20(1), 83�104.

Engle, R. F., and V. K. Ng (1993): �Measuring and testing the impact of news on volatility,�The journal

of �nance, 48(5), 1749�1778.

Fang, W.-S., and T.-Y. Chang (2007): �Greater China Equity Funds and Contagion Risk,�Third Sym-

posium on Econometric Theory and Applications.

Fofana, L., and F. Seyte (2012): �Modeling �nancial contagion: approach-based on asymmetric cointe-

gration,�Discussion paper.

Forbes, K. (2012): �The "big C": Identifying contagion,�Discussion paper, National Bureau of Economic

Research.

Forbes, K., and R. Rigobon (2001): �Measuring contagion: conceptual and empirical issues,� in Inter-

national �nancial contagion, pp. 43�66. Springer.

Forbes, K. J., and R. Rigobon (2002): �No contagion, only interdependence: measuring stock market

comovements,�The journal of �nance, 57(5), 2223�2261.

32



Fratzscher, M. (2012): �Capital �ows, push versus pull factors and the global �nancial crisis,� Journal

of International Economics, 88(2), 341�356.

Gentile, M., and L. Giordano (2012): �Financial contagion during Lehman default and sovereign debt

crisis,�Quaderni di Finanza CONSOB, 72, 3�46.

Giordano, R., M. Pericoli, and P. Tommasino (2013): �Pure or Wake-up-Call Contagion? Another

Look at the EMU Sovereign Debt Crisis,�International Finance, 16(2), 131�160.

Gómez-Puig, M., and S. Sosvilla-Rivero (2014): �Causality and contagion in EMU sovereign debt

markets,�International Review of Economics & Finance, 33, 12�27.

Gómez-Puig, M., and S. Sosvilla Rivero (2014): �EMU sovereign debt market crisis: Fundamentals-

based or pure contagion?,�Research Institute of Applied Economics Working Paper, (2014/02).

Granger, C. W. (1969): �Investigating causal relations by econometric models and cross-spectral meth-

ods,�Econometrica: Journal of the Econometric Society, pp. 424�438.

Granger, C. W. (1986): �Developments in the study of cointegrated economic variables,�Oxford Bulletin

of economics and statistics, 48(3), 213�228.

Hamori, S., and A. Tokihisa (1997): �Testing for a unit root in the presence of a variance shift,�

Economics Letters, 57(3), 245�253.

Hansen, B. E. (2001): �The new econometrics of structural change: Dating breaks in US labor productiv-

ity,�Journal of Economic perspectives, 15(4), 117�128.

Hansen, E., and A. Rahbek (1998): �Stationarity and asymptotics of multivariate ARCH time series with

an application to robustness of cointegration analysis,�Department of Theoretical Statistics, University

of Copenhagen, Preprint(12).

Inclan, C., and G. C. Tiao (1994): �Use of cumulative sums of squares for retrospective detection of

changes of variance,�Journal of the American Statistical Association, 89(427), 913�923.

Johansen, S. (1995): �Likelihood-based inference in cointegrated vector autoregressive models,� OUP

Catalogue.

Kasa, K. (1992): �Common stochastic trends in international stock markets,� Journal of Monetary Eco-

nomics, 29(1), 95�124.

Khalid, A. M., and M. Kawai (2003): �Was �nancial market contagion the source of economic crisis in

Asia?: Evidence using a multivariate VAR model,�Journal of Asian Economics, 14(1), 131�156.

Kim, T.-H., S. Leybourne, and P. Newbold (2002): �Unit root tests with a break in innovation

variance,�Journal of Econometrics, 109(2), 365�387.

Lamoureux, C. G., and W. D. Lastrapes (1990): �Heteroskedasticity in stock return data: Volume

versus GARCH e¤ects,�The Journal of Finance, 45(1), 221�229.

Lee, Y.-H., A. L. Tucker, D. K. Wang, and H.-T. Pao (2014): �Global contagion of market sentiment

during the US subprime crisis,�Global Finance Journal, 25(1), 17�26.

Ling, S., W. Li, and M. McAleer (2003): �Estimation and testing for unit root processes with GARCH

(1, 1) errors: theory and Monte Carlo evidence,�Econometric Reviews, 22(2), 179�202.

33



Longin, F., and B. Solnik (1995): �Is the correlation in international equity returns constant: 1960�

1990?,�Journal of international money and �nance, 14(1), 3�26.

Lumsdaine, R. L., and S. Ng (1999): �Testing for ARCH in the presence of a possibly misspeci�ed

conditional mean,�Journal of Econometrics, 93(2), 257�279.

Malliaris, A. G., and J. L. Urrutia (1992): �The international crash of October 1987: causality tests,�

Journal of Financial and Quantitative Analysis, 27(03), 353�364.

Markose, S., S. Giansante, M. Gatkowski, and A. R. Shaghaghi (2009): �Too interconnected to fail:

Financial contagion and systemic risk in network model of cds and other credit enhancement obligations

of us banks,�analysis.

Masson, P. R. (1998): Contagion-monsoonal e¤ects, spillovers, and jumps between multiple equilibria.

International Monetary Fund.

Mollah, S., and T. Hartman (2012): �Stock Market Contagion, Interdependence and Shifts in Re-

lationship due to Financial Crisis�A Survey,� International Review of Business Research Papers, 8(1),

166�195.

Pascual, A. G. (2003): �Assessing European stock markets (co) integration,�Economics Letters, 78(2),

197�203.

Pericoli, M., and M. Sbracia (2003): �A primer on �nancial contagion,�Journal of Economic Surveys,

17(4), 571�608.

Rangvid, J. (2001): �Increasing convergence among European stock markets?: A recursive common sto-

chastic trends analysis,�Economics Letters, 71(3), 383�389.

Richards, A. J. (1995): �Comovements in national stock market returns: Evidence of predictability, but

not cointegration,�Journal of monetary Economics, 36(3), 631�654.

Rigobon, R. (2003): �On the measurement of the international propagation of shocks: is the transmission

stable?,�Journal of International Economics, 61(2), 261�283.

Sander, H., and S. Kleimeier (2003): �Contagion and causality: an empirical investigation of four Asian

crisis episodes,�Journal of International Financial Markets, Institutions and Money, 13(2), 171�186.

Sansó, A., V. Aragó, and J. L. Carrion-i-Silvestre (2004): �Testing for changes in the unconditional

variance of �nancial time series,�Revista de Economía �nanciera, 4, 32�53.

Smeekes, S., and A. Taylor (2012): �Bootstrap union tests for unit roots in the presence of nonstationary

volatility,�Econometric Theory, 28(02), 422�456.

Thornton, D. L., and D. S. Batten (1985): �Lag-length selection and tests of Granger causality between

money and income,�Journal of Money, credit and Banking, pp. 164�178.

Urich, T., and P. Wachtel (2001): �Financial market responses to monetary policy changes in the

1990s,�Contemporary Economic Policy, 19(3), 254�267.

Voronkova, S. (2004): �Equity market integration in Central European emerging markets: A cointegration

analysis with shifting regimes,�International Review of Financial Analysis, 13(5), 633�647.

Wang, K.-M., and T.-B. Nguyen Thi (2013): �Did China avoid the "Asian �u"? The contagion e¤ect

test with dynamic correlation coe¢ cients,�Quantitative Finance, 13(3), 471�481.

34



Yunus, N. (2013): �Contagion in international �nancial markets: A recursive cointegration approach,�

Journal of Multinational Financial Management, 23(4), 327�337.

35


