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Abstract: This research analyses the co-movements between sovereign debt markets, and the stock mar-

kets of Germany, Portugal, and Greece, in the period 2009:10 — 2015:07. It aims to provide answers to two

questions, namely, whether: i) Was there contagion between bond markets and the Eurozone stock mar-

kets? ii) Did the financial sector show contagion? The study used GARCH-DCC econometric models, with

the purpose of estimating the dynamic correlation between the markets, using daily data of 10-year OT
yields for Greece and Portugal, as well as price indices for Portugal (PSI-20, PSI Financial), and Germany
(DAX-30 and DAX Financial). In addition, we also evaluate the variation of the correlation in each of the

identified crisis periods against a reference period (pre-crisis). The results suggest contagion from the

Greek sovereign debt market to the Portuguese and German stock markets. We found that the Portuguese

debt market influenced the German stock market, in a market and financial sector context. In conclusion,

it is assumed that the results reveal some understanding of the behaviour of investors under extreme mar-

ket conditions and contribute to the understanding of the connection between sovereign risk and financial
sector risk by market agents, including regulators and policy-makers, who seek to ensure the stability of
the international financial system, of which the stock markets are a part of.
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1. INTRODUCTION

his study aims to investigate the possible occurrence of contagion during the European sovereign
debt crisis in the stock markets of some Euro Zone (EA) countries and, in particular, the shares
of companies in the financial sector, attempting to determine whether the contagion to this specific
sector, was in any case more significant than the potential contagion in the stock market as a whole.

The creation of the EA has further increased financial integration among the countries par-
ticipating in the Monetary Union (MU), therefore contributing to increased financial stability
through the creation of larger, more liquid and competitive markets, which offer greater possi-
bilities of risk diversification and lower transaction costs, which ultimately have a positive im-
pact on each country’s economic growth potential. However, in a scenario such as the sovereign
debt crisis, stronger financial integration results in higher risks/costs, not only for the countries
directly affected but, apparently, for all others. This situation is caused by the potential existence
of contagion effects between the various markets of the various countries, which cause shocks
specific to some specific countries to spread throughout the EA (Gonzalez-Paramo 2011).
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This research has two main goals. The first is to investigate the existence of contagion from one
country’s bond market to another country’s bond market in the context of the sovereign debt cri-
sis. The second purpose is to check the occurrence of contagion, specifically among the shares
of the companies that make up the financial sector, in order to determine whether the contagion
effect to this specific sector is higher than that verified in the stock market as a whole. This study
also makes it possible to evaluate whether the impact of the debt crisis on equity markets is vari-
able according to the sovereign risk of the country of the market itself, considering that the equity
markets of countries with different risk classes, namely Portugal and Germany, are analyzed.

The results suggest the existence of contagion from the Greek sovereign debt market to the
stock markets of Portugal and Germany, both for the stock market as a whole and more specifi-
cally for the stocks of the companies that make up the financial sector, in most of the periods of
crisis identified. There also has been evidence of contagion to the German stock market from
the Portuguese sovereign debt market, although on a smaller scale than in the case of Greek
sovereign debt. The hypothesis that there is a higher contagion effect on the stocks of financial
sector companies than on the stock market as a whole is not supported by the results obtained
in any of the analyses.

This study aims to contribute to the literature essentially in two aspects. Firstly, it analyses the
existence of contagion between markets of different asset classes, not in the same country, but
in different countries of the EA, focusing on contagion in stock markets. This analysis is made
in a context of the sovereign debt crisis, combining the GARCH-DCC methodology with the
identification of several periods of crisis in the sovereign debt securities market. Secondly, it
explores the relationship between sovereign risk and financial sector risk in the EA, through
a study of contagion specific to this sector, seeking to determine whether the market value of
companies belonging to the financial sector were strongly affected in comparison to the rest of
the market as a whole.

In terms of structure, this paper is organised into 5 sections. In Section 2 we present a review of
the literature on contagion in financial markets. Section 3 describes the methodology. Section 4
contains the data and results. Section 5 sets out the conclusion.

2. LITERATURE REVIEW

The sovereign debt crisis in the EA has motivated several studies related to the topic of financial
contagion among the various UM countries, with special focus on the contagion of Greece to
other countries. For obvious reasons, one of the most debated aspects in the literature has been
the contagion between sovereign debt markets during this period. In addition, the existence of
studies that prove the occurrence of contagion in the sovereign debt markets of the EA coun-
tries, supports in some aspects the possibility of the transmission of shocks also to the stock
markets (Alexakis and Pappas, 2018; Finta, Frijns, and Tourani-Rad, 2019; Antonakakis, Gab-
auer, and Gupta, 2019; Golab and Zamojska, 2019; Pentecost et al., 2019).

Tola and Wilti (2015) and Gomez-Puig and Sosvilla-Rivero (2016) have demonstrated the ex-
istence of contagion in sovereign debt markets during the sovereign debt crisis. Tola and Walti
(2015) test the existence of contagion in the sovereign debt markets of nine SAP countries
during the sovereign debt crisis. The authors demonstrate the occurrence of contagion on a
large scale between the bond markets of the countries analysed during the sovereign debt crisis,
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with around three quarters of the country-specific shocks resulting in contagion to other UM
countries. Nevertheless, asymmetric contagion was also detected in some cases, a situation that
occurs when the shock felt in the debt market of a given country causes a movement contrary to
the OT yield of some other country, namely, phenomena of ,,flight to quality”. Gomez-Puig and
Sosvilla-Rivero (2016) indicate the existence of contagion during the initial phase of the euro
crisis, namely from the Greek sovereign debt market to the sovereign debt markets of Portugal,
Spain, Italy and Belgium, but not to the sovereign debt markets of Austria and the Netherlands.

More recently, Anastasopoulos (2018), Finta, Frijns, and Tourani-Rad (2019), Antonakakis, Gab-
auer, and Gupta (2019) and Pentecost et al. (2019) examined the effects of contagion between
European and non-European markets in the context of the sovereign debt crisis. Anastasopou-
los (2018) shows that the contagion effects of the Greek debt crisis were not persistent, while
the effects of the depreciation of the yuan were. Finta, Frijns, and Tourani-Rad (2019) suggest
the existence of two-way contagion between the stock markets. However, there is asymmetry
and time variation in contagion, namely, the shocks from Germany to peripheral stock markets
are larger than the opposite. Antonakakis, Gabauer, and Gupta (2019) suggest that Greek eco-
nomic policy uncertainty is influencing European economic policy uncertainty approximately
throughout the analysis period. Finally, the analysis of the response to shocks, suggests that
the persistence of monetary policy shocks varies over time and has increased after the global
financial crisis of 2007-2009. This magnifying effect partly explains the longer-term recovery
of the European economy. Pentecost et al. (2019) found a different pattern of contagion coming
from Ireland and compared with other markets such as Greece, Italy, Portugal and Spain. They
examined the factors that made countries vulnerable to contagion and showed that financial
factors are more important than those from trade.

3. METHODOLOGY

In this study, the first step in econometric analysis is to evaluate the time series stationarity.
This analysis becomes essential since such characteristics are fundamental for the data gen-
erator process modelling (Liitkepohl and Krétzig 2004). The Augmented Dickey-Fuller test
(Dickey and Fuller 1981) postulates that the null hypothesis is non-stationary or integrated of
order d (d > 0), I (1), against the alternative hypothesis of stationarity (Said and Dickey 1984).
To validate the ADF test, we use the KPSS test (Kwiatkowski et al. 1992), where the hypotheses
presented are contrary to the ADF test, i.e. H 0 postulates that the series is I (0) against the
alternative that the series are I (1) (Noman and Rahman 2010).

The methodology used to determine the occurrence of financial contagion from the sovereign
debt market in Greece to the stock markets in Portugal and Germany, and from the sovereign
debt market in Portugal to the German stock market, is based on the estimation of the dynamic
conditional correlation between the changes in OT’s yield and the yields of the stock index,
using a GARCH-DCC (Generalized Autoregressive Conditional Heteroskedasticity — Dynam-
ic Conditional Correlation) model. Once this correlation is determined, it is analysed how it
evolves in each of the identified crisis periods (from the sovereign debt market) compared to a
reference period (pre-crisis).

We consider that this approach is suitable because, in the view of this study, financial contagion
is associated with the occurrence of excessive co-movements, i.e. to episodes of increased cor-

relation between asset returns, which can therefore be identified.
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The model of dynamic conditional correlation (DCC-GARCH), suggested by Engle (2002) and
Tse and Tsui (2002), is distinguished from other models, such as the constant conditional corre-
lation proposed by Bollerslev (1990) in that the conditional correlation matrix changes over time.

In the DCC-GARCH model, the conditional covariance matrix is written as follows:

¢ = D I;D; Q)
Where:

D; = diag(\/hn,t ,thz,t ,..,\/hnn,t )

Iiy1 = [diag(Q)]V/?Q.[diag(Q)] /2 3)

Q=0—a-PQ+al U +BQy @)

4. DATA AND RESULTS
4.1. Data

The data used in this study to evaluate the occurrence of contagion from the sovereign debt
markets of Greece and Portugal to the stock markets of the selected countries were extracted
from the Thomson Reuters platform. For the sovereign debt markets, implicit interest rates,
Treasury Bond yields (OT’s) with 10-year maturity in Greece and Portugal are used.

To analyse possible contagion to the stock markets of Germany and Portugal, the reference indi-
ces for Germany and Portugal (DAX-30 and PSI-20) are taken into account. The DAX and PSI
Financial indices are used to study the contagion specific to the shares of companies belonging
to the German and Portuguese financial sectors, respectively, as they reflect exclusively the
market value of companies in this sector (banks, insurance companies and various financial ser-
vices) in these two countries. These data are of daily frequency and refer to the period between
October 1, 2009 and July 13, 2015.

4.2. Results

This study was conducted with the objective of ascertaining the existence of contagion from
the Greek sovereign debt market to the stock markets of Portugal and Germany, and from the
Portuguese sovereign debt market to the German stock market, in the period between 1 October
2009 and 13 July 2015, namely to the stocks of the companies belonging to the financial sector,
with the objective of determining whether the contagion effect to this specific sector was in any
way stronger than that verified in the stock market as a whole.

The results suggest the existence of contagion from the sovereign debt market in Greece to the Portu-
guese stock market as a whole, since most of the periods of crisis identified in the Greek debt market
gave rise to episodes of contagion to Portuguese shares (73%). It was also ascertained, specifically,
the existence of contagion from the Greek sovereign debt market to the shares of the companies
that make up the financial sector of the Portuguese stock market, since most of the periods of crisis
identified in the Greek debt market resulted in contagion episodes to these listed companies (80%).
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However, considering that the number of contagion episodes in each of the analyses was very
close, and the fact that the average decrease in the correlation (between OT yield changes and
equity index yields) in these same episodes, relative to the reference periods, was slightly high-
er in the analysis of contagion to the whole stock market, it was not concluded that there was
a higher contagion effect than those listed in the financial sector compared to the Portuguese
stock market as a whole. In addition, the analysis suggests that the turbulent period associated
with the 1* international bailout of Greece (May 2010) and, more recently, the stalemate peri-
od preceding the principle of agreement leading to the 3™ Greek bailout (June/July 2015) have
caused apprehension among investors.

There was also evidence of contagion from the Greek sovereign debt market to the German
stock market as a whole, as most of the periods of crisis identified in the Greek debt market
resulted in episodes of contagion to German stocks (80%). It was also found that contagion
from the Greek sovereign debt market to the stocks of the companies that make up the financial
sector of the German market, as most of the periods of crisis identified in the Greek debt market
led to episodes of contagion to these listed companies (73%). However, the results obtained do
not support the existence of a stronger contagion effect on the shares of the financial sector in
relation to the entire German stock market, given that both the number of contagion episodes
ascertained and the average decrease in the correlation (between the changes in the OT’s yield
and the yields of the stock index) verified in these same episodes, in comparison to the reference
periods, were higher in the analysis involving the entire German stock market.

In addition, as in the analysis of contagion of Greek debt to the Portuguese stock market, the
research indicates that the 1% international bailout of Greece (May 2010) and the negotiations
that led to the principle of agreement of the 3™ Greek bailout (June/July 2015) were the events
in which there was a greater transmission of negative investor sentiment to German shares. It
should also be noted that, in the case of the latter event, this transmission seems to have penal-
ized most German stocks more than those listed in the financial sector.

The results suggest that investors do not seem to have made a distinction between the stock
markets of Portugal and Germany according to the sovereign risk of each of the countries, and
they have been affected in the same way in most of the periods of crisis identified in the Greek
debt market, since they present a very similar number of contagion episodes.

The analysis involving the Portuguese sovereign debt market and the German stock market as
a whole, also revealed contagion from the first to the second, as most of the periods of crisis
identified in the Portuguese sovereign debt market, caused episodes of contagion to German
shares (60%). Similarly, the existence of contagion in the Portuguese sovereign debt market was
specifically found to exist in the stocks of the companies belonging to the financial sector of the
German Stock Exchange, considering that half of the periods of crisis identified in the Portu-
guese debt market caused contagion episodes to these listed companies (50%).

However, given that the number of contagion episodes was higher in the analysis of contagion
to the entire German stock market, and given that the average decrease in the correlation (be-
tween OT yield changes and stock index yields) in these same episodes, relative to the reference
periods, was quite close in both analyses, the existence of a contagion effect higher than those
listed in the financial sector relative to the German stock market as a whole was not determined.
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The analysis of contagion from the Greek and Portuguese sovereign debt markets to the German
stock market indicates that the latter was more contagious to the evolution of the price of Greek
sovereign debt securities than to the Portuguese, since both the (absolute) number of contagion
episodes ascertained and the proportion of these to the total of crisis periods identified in each of
these sovereign debt markets were higher in the analysis involving the Greek debt market. This is
not surprising given that the Greek sovereign debt crisis has been more serious and more difficult
to resolve than the other crises experienced by other euro area countries since 2010, namely the
Portuguese and Irish ones, which presupposes a more significant contagion effect from the Greek
debt market to the markets of the other euro countries. These results are in line with the evidence
suggested by Beirne and Fratzscher (2013), Kenourgios (2014), Finta, Frijns, and Tourani-Rad
(2019), Pentecost et al. (2019) which show contagion from the sovereign debt crisis.

5. CONCLUSION

In conclusion and based on the outcome of this investigation, we can notice the existence of con-
tagion from the Greek sovereign debt market to the Portuguese and German stock markets and
also, although on a smaller scale, from the Portuguese sovereign debt market to the German stock
market, both to the market as a whole and specifically to companies listed in the financial sector.
However, contrary to our expectations, in none of the cases analysed was solid evidence obtained
that would determine the existence of a contagion effect greater than the shares of the companies
comprising the financial sector, in relation to that verified in the stock market as a whole.

Considering the existence of contagion effects among the various countries of the EA, both
between bond markets and between bond markets and shareholders, as this study demonstrates,
when an UM country is affected by a crisis it puts at risk the financial stability of the others.
Therefore, in an economic policy level, and in a scenario of imminent crisis, it is considered to
be of extreme importance the immediate action of the Government of the affected country to
obtain agreements with the international authorities that make it possible to contain and reduce
the contagion to other countries, namely through economic and financial assistance programs.
In addition, it is understood that the European institutions, together with the increasing financial
integration among countries, will be expected to implement more and better trans-European
control mechanisms that are effective and that make it possible to detect and resolve, in a timely
manner, situations of imbalance, structural or conjunctural. This is important since requests
for external assistance, on their own, will not solve the situation in the medium/long term, as
exemplified by the three Greek bailouts in recent years.
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