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Abstract

This paper analyzes sovereign risk contagion across financial markets in the euro-
zone during and after the European debt crisis. A particular focus is made on the
causal impact of pre-Brexit and Covid-19 pandemic on the dependence between
European markets. We use data set from 28 February 2008 to 11 March 2021 and
combine copulas and MRS-ARMA techniques to measure dependence across
financial markets and assessing asymmetric dependence structure and regime
switching process. We develop a dynamic Kendall’s tau correlation and provide
evidence of time-varying dependence structure between several pairwise markets.
The dependence structure shows a sharp rise on 23 June 2016, day of the referen-
dum on Brexit. Results indicates that Covid-19 pandemic has intensified depen-
dence and sovereign risk spillovers between sovereign CDS European markets.
Significant time-varying characteristics of dynamic dependence structures suggests
that fund managers and investors should consider in their investment strategies to
manage systemic risk and high-risk investment. The identification of dependence
structure regime between global financial markets would enhance response to major
crises by investors and policy makers.
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1 Introduction and related literature review

The transmission of uncertainty from one market, region, country to another
remains an important field of research in light of major global economic, financial,
geopolitical and public health crises.

This research represents an attempt to study the causal impact on the dependence
structure between financial markets by major events or shocks such as, Brexit,
Sovereign debt crisis, Subprime crisis, and Covid-19 pandemics.

Indeed, the announcement of withdraw of UK from the European Union and the
transitional phase, namely pre-Brexit, would have a substantial effect on the
linkages between European financial markets. Using data from 28 February 2008 to
11 March 2021, this work takes advantage of the announcement of UK withdraw
from the EU and the subsequent transition process to test the impact on the
dependence structure between European financial markets.

Undoubtedly, Brexit is a major event in the history of EU. Since its announcement,
Brexit has urged individuals, businesses, and policy makers to anticipate possible
scenarios including threats, opportunities, exit strategies. Brexit is, indeed, associated
with a high degree of financial, economic risks and uncertainties that would
substantially affect UK, EU markets. The impact of pre-Brexit on the dependence
structure of EU markets has received little or no attention of the literature. This work
constitutes an attempt to provide findings that carry important implications for the
post-Brexit UK in transition and for European countries.

COVID-19 global pandemic exponential spread around the world has caused
overwhelming challenges to global public health and left households and businesses
counting economic losses. Since its eruption, this global pandemic has increased
tremendously uncertainty and fear of human and economic losses. Moreover, it is
not clear how full social and economic recovery would take place. The analysis of
potential effects of this major pandemic on various economic and financial markets
around the globe has received little or no attention from the literature. Our work
attempts to shed lights on these fundamental aspects by measuring risk transmission
and global market linkages.

The analysis of the European sovereign debt crisis of 2009, a major economic
event of the recent years, has been the subject of increasing interest in the academic
literature. The study of the dependence between eurozone financial markets and in
particular the analysis of dependence among sovereign CDS markets represent both
a theoretical and an empirical framework that capture sovereign default risk
transmission among sovereign European CDS markets.

Sovereign Credit Derivative Swap (CDS) is a derivative instrument that allow
investors to swap credit risk that a country may go into default or experience
substantial difficulties. Sovereign CDS spreads express default sovereign risk. In this
regard, high sovereign default risks are expressed by large sovereign CDS spreads.

Debt crisis has major adverse effects not only on political stability but also on
and economic and financial stability but more importantly on individual welfare and
social cohesion.
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The Greek crisis spreads very quickly to Ireland, Spain, Italy and Portugal. As the
turbulence spread over several euro-zone economies. Several reform programs and
bailout plans have been proposed to rescue institutions and governments in particular
for Greece (Fratzsher et al. 2016, Hryckiewicz 2014 and Kizys et al. 2016).

Nonetheless, linkages between financial markets have not received much
attention as during the recent European debt crisis. Understanding the nature of
linkages between markets and economies is fundamental for effective policy design
and rational investment choices and it is not clear whether such model of
uncertainty transmission exists or has been used.

Contagion is defined as the spread of a crisis from one market, region, or country
to another. Because markets, regions or countries are interconnected, major events
in one market region or country can impact others. Authors argue that contagion is
characterized by an amplification and persistence of spillover effects (see Allen and
Gale (2000), Dornbusch et al. (2000), Pericoli and Sbracia (2003) among others).

Potential effects of crisis transmission or contagion are measured based on
historical data or information on existing relationships or linkages between financial
markets. In assessing linkages between financial markets, authors distinguish
between crisis period and tranquillity or calm period. In principle, during a crisis or
stress period, transmission of uncertainty is supposed to increase in comparison to a
calm or normal period. Links change depending upon the level of stress. Authors
considers risk contagion is expressed by major co-movements and volatility
spillovers (see, e.g., Sachs et al. (1996), Masson (1999a, b, c), Dornbusch et al.
(2000), Pericoli and Sbracia (2003) and Dungey et al. (20006)).

One might argue that analysing the degree of the co-movement between financial
markets during crisis periods, relative to that in calm periods may demonstrate the
normal interdependence between financial markets and economies. Distinction is
made between contagion and interdependence. Forbes and Rigobon (2002) define
contagion as a significant increase in the cross-market linkages during a crisis or a
common shock after controlling for fundamentals. Prior to Forbes and Rigobon
(2002), authors chiefly address interdependence and not financial contagion. Since the
publication of Forbes and Rigobon (2002), financial contagion has been examined
mainly around the notion of “correlation breakdown”. Financial contagion could be
internal ,i.e., cross-markets but also global ,i.e., cross-borders. External shocks may
affect any asset market in an economy, and then spread to asset markets in other
countries as well. Internal shocks may spread out by inter-linkages to other domestic
asset markets. If a crisis strikes a given financial market around the globe, negative
shocks are transmitted from the source to other financial markets.

In the case of the European debt crisis, sovereign CDS were initially unaffected
but as the crisis evolves the effect spread out to other financial markets. Most of the
research studies financial contagion in the context of equity markets (Fry-McKibbin
et al., 2021). Few existing empirical works focuses on contagion effect between
sovereign CDS and commodity markets during a sovereign debt crisis. Research on
sovereign CDS markets, analyses co-movement of sovereign CDS with other assets,
mainly stocks and bonds. More recent studies analyse the development of
correlations between commodities and financial assets in the aftermath of the
global financial crisis (Sun et al., 2020). Authors focus more on contagion effect
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between commodity and other financial markets (see Sharpe (1964), Grubel and
Fadner (1971), King and Wadhwani (1990), Engle et al. (1990), Bekaert and
Hodrick (1992), and later from Forbes and Rigobon (2002), Barberis et al. (2005),
Hwang et al. (2013), Aloui and Hkiri (2014), Alotaibi and Mishra (2015), Ji et al.
(2018a, b, ¢), Chen et al. (2020)).

Most authors have mainly focused on the transmission mechanism of sovereign
risk. However, there is absence of consensus on the transmission pattern among the
European countries, see Louzis (2015), Alter and Beyer (2014), De Bruyckere et al.
(2013), Alter and Schuler (2012), Barth et al. (2012), Arezkietal. (2011), Caceres et al.
(2010). For example, Brutti and Saure (2015) find that the exposure to Greek
government debt and Greek banks’ assets are main sources of strengthening
transmission’s risk. Kohonon (2014) argues that sovereign default risk was
transmitted from the Greek bonds markets only at the early stage of the crisis. Using
VAR, Dieblod and Yilmaz (2012, 2014) examine financial spillovers effects between
various economies and markets. Apostolakis and Papadopoulos (2015) analyse the
effects between the G7 banking, securities and foreign exchange markets, identifying
interactions between them. Grammatikos and Vermeulen (2012) find strong evidence
of a crisis transmission from US non-financials to European non-financials.

The analysis of the relevant literature shows scarcity of research on sovereign
contagion risk between sovereign CDS and financial markets during the European
debt crisis. Moreover, the analysis of sovereign contagion between sovereign CDS
and commodity markets are even more scarce. Several authors discuss the nature of
the co-movement or correlation or time-varying correlation among different
sovereign CDS markets or between sovereign CDS and stock markets. Nonetheless,
there absence of research on contagion between sovereign CDS and commodity
markets. Moreover, authors analyse more global financial contagion and not
contagion across domestic financial markets.

On technical issues, authors have privileged linear correlations approach to
examine the linkages between international financial markets. More recently,
researchers have turned to use various techniques to examine the dependence
structures between assets across markets and countries, see Chen et al. (2020), Zhang
etal. (), Daehler et al. (2021). Indeed, most of the linear correlation analysis is not time
varying. In addition, it is difficult to analyse the asymmetric dependency between
various markets by applying linear correlation. Also, linear correlation does not
capture extreme downside risk spillovers. In contrast, copula methods allow to
describe the dynamic and asymmetric dependency structures. The copula approach
provides a tool to isolate the dependence pattern from the marginal distributions, and it
is possible to obtain more conveniently dependency structure and contagion effects.
Durante and Jaworski (2010), use copula methods to show that dependency between
financial markets in the crisis period is higher than that of the tranquillity period.

In this paper, we attempt to examine the impact of major global crises, pre-
Brexit, Covid-19 pandemic, sovereign debt crisis, on the dependence structure
between financial markets. A particular focus is given to sovereign risk contagion
by providing an alternative measure to linear correlation that go beyond the
specification of the crisis and non-crisis periods via suitable thresholds. This
measure is computed by non-parametric methods.
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Also, we provide a detailed account of potential transmission channels sovereign
default risk within the peripheral European countries, Ireland, Italy, Portugal and
Spain. We use the Kendall’s tau correlation instead of Pearson’s correlation to
detect the nonlinear dependency structure among financial markets and to examine
Sovereign contagion risk during the European debt crisis. Using the Dynamic
Conditional Kendall’s tau correlation allow to study the dynamic dependency
structure as well as the links between financial markets. Hence, we provide a
dynamic dependence measure that shows the degree of dependence and exhibits
associations between financial markets over time.

Financial contagion is detected when there is a change in the dependence
structure between financial markets and not when there is persistent extreme
dependence caused more by interdependence and not by contagion. The dependence
between two markets is described by using the information contained in the copula
and not by the means of the local correlation coefficients as in Bradley and Taqqu
(2005) and Durante and Jaworski (2010).

First, we compute the daily conditional Kendall’s tau correlation, using the
information incorporated in copulas of couples’ sovereign CDS indexes as proxy of
sovereign default risk and various other financial markets indexes for stock, bonds,
and commodity markets.

Second, we use Markov Regime Switching ARMA model for Daily conditional
Kendall’s tau correlation of different pairs to examine the changes in dependence
structure during the European debt crisis. Dueker (1997), Hamilton and Susmel
(1994), Lamoureux, and Lastrapes (1990) argue that Markov Regime Switching
(MRS) model is a better to model time varying of the stock market return distribution.

We believe that modelling of dynamic daily conditional Kendall’s tau
correlation, using the MRS-ARMA model offer a novel approach to show the
transmission of sovereign risk from the sovereign CDS markets to various financial
markets (stock, government bonds and commodity markets) and indicate the
presence of sovereign contagion risk during the European debt crisis.

This paper is structured as follows. The next section presents the methodology
and describes the various copulas functions and Markov Switching Auto-Regressive
Moving Average Model (MS-ARMA) model. Section 3 presents the estimation
results. Section 4 provides conclusions.

2 Methodology

Our methodology is based on three important steps. In the first step, we select the
proper copula family by goodness of fit tests. Various copula families have various
characteristics of Kendall’s tau correlation that allow identification of Kendall’s Tau
correlation between different pairs of data. In the second step, we compute the
dynamic conditional Kendall’s tau correlation by using the dynamic conditional linear
correlation. DCC-GJR GARCH model allow to obtain the daily dynamic linear
correlation. In the third step, we model the daily Kendall’s tau correlation of different
pairs, using Markov Switching Regime (MSR) model to show the dependence
structure between financial markets movement over time in various markets.
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2.1 Copula functions and dependence measures

In the context of dependence between variables is measured by a dependence
function or copula function.

Let F be the joint marginal distribution function (DF) of a random vector
X=(X,X5,....Xs)eR? Let (F|,F,,...,F4) be their marginal DFs and let
X; — Fi(X;),i = 1,...,d, be the probability integral transformation to the standard
uniform distribution. Then, the copula function is given by the following formula:

C(u1,M2, .. .,ud) = F(Ffl(ul),Fgl(uz), .. .,F(jl(ud))Vu = (M],.. .,Md) € [0, l]d

where Flfl are the inverse distribution functions of the marginal and u; = F;(x;) for
i=1,...,d. Thus, the copula function is a multivariate distribution with uniform
[0, 1] margins. The copula C completely identifies the distribution F, Sklar (1959),
V(Xl,XQ, .. .,Xd) € Rdl

F(x,x2,x3,...,%,) = C(Fl(,\cl),Fz(,\cz),Fg(x3)7 .. .,Fd(xd))

Equations (1) and (2) show that the copula represents the multivariate
dependence structure, which links the uniform marginal distributions. The copula
of any F distribution captures and summarizes the different types of dependence
between variables even when they are rescaled by strictly monotone
transformations.

P

e The Gaussian copula (normal copula): C,ccian

Cliaussian )= B N R L S P
Gaussian\W1, U2 - -, Ud) = B B (27‘5)d/2|R|1/2 p 2 y ylayi...ayq

o0 o0

where —1 <p < 1and ® is the cumulative distribution function of a standard normal
distribution, @y is the multivariate normal cumulative distribution function with
mean zero and m x m correlation matrix R, ®~! is the inverse function of the
standard univariate normal distribution, |R| is the determinant of the correlation
matrix R and y =y,...,y,.

In the case of Gaussian copula, the Kendall’s tau correlation is computed as
follows:

2

Tij = ;arcsinpi:]-

e The student-t copula: C/"”

The d-dimensional student-t copula (or briefly t copula) function takes the form:
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Ctp"v(btl, Uy ...y ud) = TR“’V(T_l (Ml), 7! (l/tg), cee 7! (Md))
T () T~ (ug)

(x4 R—% 1 —ud
= / / %<1+—y/13_1y) dy...dy,
F(%)(vn)z v

where T, the standardized multivariate student-t distribution function with m x m
correlation matrix R of v degrees of freedom and T~ ! is the inverse function of the
standard univariate student-t distribution with v degrees of freedom. The Kendall’s
tau is the same as for the Gaussian copula.

e The Gumbel copula: C%,

Gumbel (1960) proposes the Gumbel copula with the following generator:
o(u) = (—In(u))’ where 0 > 1

The d-dimensional Gumbel copula is defined as follows:

1
d

0
CGGM(MI, Upy o5 Ug; 0) =exXp| — [Z (_lnui)0‘|

i=1

The Kendall’s tau formula is given by following expression:

1
'L'kilf—

0

e The Clayton copula: C,
Clayton (1978) develops the Clayton copula with the following generator:
o) =u"" — 1 where > 0
The d-dimensional Clayton copula is defined as follows:
_1
d 7
CGCI(ul,uz, conugy 0) = (Zuie —d+ 1)

i=1

The Kendall’s tau formula is given by the following expression:

0

% =552

e The Frank copula: CY
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The Frank copula (1979) is characterized by the following generator:

(1) = —ln(eigt - 1/676 _ 1), where 0 €] — 0o, 0[U]0, 400
The Frank copula is defined by:

CY(uy,uy;0) = —In(1 +

The Kendall’s tau: 7 = 1 — (1 — D, (0))

e The Placket copula: C3

Plackett (1965) introduces Plackett’s copula.

L4 (0= D)1 + 1) = /T4 (0= 1)y + 1) — 4000 — Duyuy

Clg’(ulvu2;9) = 2(0_ 1)

If 0 =1, then C(u;,u,;0) = ujup which correspond to independence case.
e The symmetrized Joe Clayton copula: C¢):"

The Joe-Clayton copula is given by:

Cic(ur,up; Ty, 1) = 1 — ({ {1 - (1- Ml)k} - + [1 -(1- uz)k}ﬂj - 1}71>;
o and 1,7 € (0,1)

1 o=
log,(2—1y)’ log, (1,

This copula has two parameters 1y and t;, which are the coefficients of upper and
lower tail dependence respectively, Patton (2004). The Joe-Clayton copula has a
slight asymmetry when 7y = 17, which is not convenient. To overcome this issue,
the symmetrized Joe-Clayton copula (SJC) is introduced and defined as following:

where k =

Csjc(u] 5 uz\‘cy, ‘CL) = O.SC]c(M] 5 MZ\TU, ‘L'L) + O.SC]c(l — up, 1— l/tz\‘CU, ‘EL) + IZ3]
+u — 1

Which is symmetric when 1y = 1.

2.2 Markov Switching Auto-Regressive Moving Average Model: MS-ARMA
model

Markov Switching ARMA (MS-ARMA) processes are extensions of the ARMA
processes allowing for time dependent ARMA coefficients, modelled as a chain
Markov. Next, we first present the essence of MS-ARMA models and then the
estimation process using maximum likelihood.
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e MS-ARMA model:

MS-ARMA models provide an appropriate framework to analyse the represen-
tations with changes in regime. MS-ARMA allow to examine the dynamic
structures, based on value of the state variable, St, that controls the varying
mechanism between various states. Moreover, the underlying parameters may be
varying in accordance with the regime prevailing at time 7. The nonlinear and
common factor structures of the cyclical processes are represented at the same time.
We consider the following presentation of the MS-ARMA model:

P q
Ay, = o(s) + ZAi<St)Ayt—i + Z Bj(si)e—j + &(s1)

i=1 J=1

The MS-ARMA with regime switching in the conditional mean and variance are
defined as a regime-switching model, Hamilton (1989), where an observed Markov
chain governs the regime switchess;, with ns states number and Ps transition
probability matrix. The model is completed by specifying dynamics of the
unobservable state variable s;.

We assume that the model has two states (ns = 2). Therefore, o, A; and B; depend
on the state variables,, and the matrix Ps. The transition probabilities are collected in

a2 x 2, P given by:
Py P
Ps =
<P21 P22>

The link between the two states of the market is provided by a first order Markov
process with following transition probabilities.

PV(SIZ l/St— 1 :2) = Py andPr(St:2/St— 1= 1) =P

PI"(Sl: 1/Sl— 1= 1) :PnandPr(St: Z/Sl— 1= 2) = Py

where Py,(P;;) indicates the probability that state 1(2) will followed by state 2(1),
and Py; and P, determine probabilities of staying in same regime. Additionally, P;;
controls the probability of transition from i state to j state at time 7 + 1.

To estimate the parameters of the MS-ARMA model by MLE the density of Yz,
given the past information of y,_, is:

f(yt\wr—l ’ Sf)

(e — (ots, + 01, Sye—1 + - 4 0, Syi—p + b1, Si8-1 + -+ - + by, ststq))z)

1
exp(
/ 202
27'50%} %%

The joint probability of y, and S, is then given by the product:
FOuSi =]\ 1) =fON\S =4, ¥ )P =j\Y,1); j=1,2
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The conditional density of the fth observation is the sum of these terms over all
values of S, for a two state cases:

2 2

FOA\Y) = Z Z FON 1, SOP(SAY, 1)

Sr:l S:‘—l:1

Then, the log likelihood function is given by:
L = 27, b S50 f O \Wi1s SOP(SAW,1) ) whete P(S\W,,) is filtered

probabilities, which these probabilities are computed using the filter introduced by
Hamilton (1989) for ¢t = 1...T. these probabilities refer to inferences about S;
conditional on information up to t, \,. So, the smoothed probabilities P(S,\V,) using
all available information in the sample, ¥, for t = t—1, t—2...1 and given P(S;\y,)
at the last iteration of the filter.

3 Empirical results
3.1 Data description

We examine data of a set of countries from Asia, China and Japan, the USA, from Africa
South Africa, eight eurozone core countries, Belgium, Denmark, Poland, France,
Germany, Netherlands, UK, and Sweden, and five peripheral countries Ireland, Italy,
Greece, Portugal and Spain. For each country, we consider daily data of sovereign CDS,
sovereign bonds and stock market indexes and eight commodities Crude Oil, Energy,
Foodstuffs, Gold, Industrial Metals, Natural Gas, Nickel and Silver.

Data series are retrieved from Thomson Reuters (DataStream), covering the
period from 28 February 2008 to 11 March 2021 so a total of 3400 observations.
The data relative to the Greek sovereign bond is available until 08 March 2012
(1100 observations). The sample data period covers a wide range of major events.

The description of the daily market indexes is illustrated in the next Fig. 1. Indeed,
we note a similar fluctuation pattern between sovereign CDS, sovereign bond,
commodity, and stock market indexes for the selected countries. All financial market
indexes trend together for the entire sample period. Some historical periods appear
more riskier than others. For example, we observe a significant increase in sovereign
CDS spreads since the start of the Greek debt crisis in March 2009 to 2013, mid-2014
to March 2020. Indeed, these periods cover respectively the European debt crisis
2009-2013, Arab spring, collapse of oil price, UK announcement of withdrawal from
EU or pre-Brexit and Covid-19 pandemic. Data indicates a decrease in prices of
sovereign bonds, stock and commodity markets. Furthermore, there is some indication
of the existence of sovereign contagion risk as characterized by markets movements.

Descriptive statistics of daily return data are reported in Table 1. For changes in
sovereign CDS and sovereign bonds spreads, Greece maintains the highest daily
mean and volatility levels. As for the stock returns, Greece has the maximum and
minimum returns, which indicates that the volatility in Greece’s stock market is
relatively higher.
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Fig. 1 Daily sovereign CDS spreads, sovereign bonds spreads, stock, and commodities prices

Moreover, the mean values are positive for all countries, except for Greece, Italy,
Portugal, Spain, and Poland. For commodity returns, Crude-Oil, Energy, Natural
Gaz, and Nickel have negative mean values. Nonetheless, standard deviation the
Natural Gaz market is the highest, with the value of 2.61% followed by the Crude-
Oil (2.15%).
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The time series are leptokurtic (Kurtosis statistic is greater than 3), indicating an
asymmetric distribution. Jarque—Bera test reject the null hypothesis of normality of the
entirety of return series, thus justifying an exploration of the correlations based on
extreme dependence. Moreover, ADF tests indicate that all series are stationary and
ARCH tests suggests the presence of heteroscedasticity phenomena, at significant level
1%.

3.2 Sovereign default risk proxy’s analysis

We examine the relationship between sovereign CDS spreads and sovereign bonds
spreads of peripheral countries. First, results show how sovereign bonds changes
correlate with sovereign CDS changes for peripheral eurozone countries. Pearson
correlation coefficients are calculated and reported in Table 2. Regarding internal
correlations within the sovereign bond markets, the highest correlation coefficient
appears in Italy-Spain pair (0.7), while the Italy-Greece pair reveals the lowest correlation
coefficient (0.18). As far as internal interactions within sovereign CDS markets, Italy-
Spain pair has the highest coefficient correlation (0.67), followed by Italy-Portugal pair
(0.65). Finally, we focus on external interactions between sovereign bond and sovereign
CDS markets. Results show that correlations are negative for all pairwise markets.

Second, we further explore the lead-lag relationships between sovereign CDS and
sovereign bond markets and to identify the source of sovereign credit risk. Hence,
we use the most widely utilized test that is the standard linear Granger-Causality
test, Granger (1969), based on a vector autoregressive model VAR of order p
(VAR(p)) that is given by the following equations:

k k
X =ox + Z ﬂX,infi + Z VxYi—j +exy
=1 =1

U J

k
Yf:OCY‘i‘

k
ByiYi—i + Z Vx i Xi—j Tt v
i=1 i=1

where k represents the lag length set and the Xr and Y7 represent respectively the
stationary variables. Furthermore, a variable X Granger-cause another variable Y, if
past values of X help predict the current level of Y better than past values of Y alone,
proving that past values of X have some informational content that is not present in
past values of Y. Using the VAR (1) model, we test for Granger-causality for all
pairs. From the Table 3, we find 23 out of 25 causal relationships running from
sovereign CDS markets to sovereign bond markets, while the number of causality
linkages running from sovereign bond markets to sovereign CDS markets is 11.

Moreover, we find evidence of bidirectional causality between sovereign CDS
and sovereign bond markets for each peripheral country. These results indicate most
likely the sovereign CDS markets is the source of sovereign credit risk is the. This
finding supports the usefulness of sovereign CDS spread as proxy of sovereign
credit risk when analyzing sovereign contagion risk of sovereign CDS markets from
peripheral eurozone countries to other financial markets.
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Table 3 Causal relationships

Causality running from sovereign CDS markets to  Causality running from sovereign bond

sovereign bond markets markets to sovereign CDS markets

CDS-Greece Bond-Greece Yes Bond-Greece CDS-Greece Yes
Bond-Ireland Yes CDS-Ireland No
Bond-Italy No CDS-Italy No
Bond-Spain Yes CDS-Spain No
Bond-Portugal Yes CDS-Portugal No

CDS-Ireland Bond-Greece Yes Bond-Ireland CDS-Greece No
Bond-Ireland Yes CDS-Ireland Yes
Bond-Italy No CDS-Italy No
Bond-Spain Yes CDS-Spain No
Bond-Portugal Yes CDS-Portugal No

CDS-Italy Bond-Greece Yes Bond-Italy CDS-Greece Yes
Bond-Ireland Yes CDS-Ireland Yes
Bond-Italy Yes CDS-Italy Yes
Bond-Spain Yes CDS-Spain Yes
Bond-Portugal Yes CDS-Portugal Yes

CDS-Portugal Bond-Greece Yes Bond-Portugal CDS-Greece Yes
Bond-Ireland Yes CDS-Ireland No
Bond-Italy Yes CDS-Italy No
Bond-Spain Yes CDS-Spain No
Bond-Portugal Yes CDS-Portugal Yes

CDS-Spain Bond-Greece Yes Bond-Spain CDS-Greece Yes
Bond-Ireland Yes CDS-Ireland No
Bond-Italy Yes CDS-Italy No
Bond-Spain Yes CDS-Spain Yes
Bond-Portugal Yes CDS-Portugal No

3.3 Bivariate copulas and dependence measures

To identify the presence of sovereign contagion risk, we analyse the interactions
between sovereign CDS and other financial markets, among peripheral Eurozone
countries and other selected countries, using static correlation measures such as
Pearson, Spearman rho and Kendall’s tau. Then, we examine the dependence

structure using bivariate Copulas models.

3.3.1 Correlation analysis

In this section, we first examine how sovereign CDS market correlate to sovereign
bond market and stock market in peripheral eurozone countries, as well as to
commodity markets. Indeed, Pearson, Spearman rho and Kendall’s tau correlation
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coefficients are computed and given in Tables 4, 5, 6, 7 (see “Appendix 1”). As for
internal correlations within sovereign CDS market of peripheral eurozone countries,
the coefficients of different correlations’ measures are significant and negative for
all pairwise markets. Furthermore, as for external interactions of sovereign CDS,
namely interactions between sovereign CDS and sovereign bond markets, sovereign
CDS and stock markets and sovereign CDS and commodity markets, results indicate
that the coefficients of correlation are significant and negative for all pairwise
markets. The exception is the correlation coefficients of sovereign CDS-Gold and
sovereign CDS-Industrial Metals pairs, being positive. Next, we examine how
sovereign CDS markets of core European, China and Japan, US, as well as South
Africa correlate to sovereign CDS, sovereign bond and stock markets of periphery
eurozone countries, as well as to commodity markets. First, correlations between
sovereign CDS markets of peripheral countries and other selected countries are
positive with significant and small coefficients. Second, correlations between
sovereign bond market of peripheral eurozone countries and sovereign CDS market
of other selected countries are negative for all pairwise markets. Third, all sovereign
CDS markets are negatively and weakly correlated to the stock markets. Finally,
when considering interactions between sovereign CDS and commodity markets, the
correlation coefficients of all pairwise markets are negative, expect for sovereign
CDS-Gold and sovereign CDS-industrial metals pairs. These findings indicate that
sovereign CDS market are negatively correlated to all financial markets, expect the
Gold and the Industrial metals. Negative correlation implies that sovereign CDS
market is bull, while other financial market is bear, and vice versa.

3.3.2 Fitting copulas results

We use alternative bivariate copulas models with different features to assess the
dependence structure among financial markets. These models include the normal
copula, student-t copula, Placket, Frank, Gumbel, rotated Gumbel, and variants of
Clayton copula. The parameter estimates of copulas models (see “Appendix 2”) are
all significant for all pairwise markets. In terms of goodness of fit, the student-t
copula appears the most suited to examine the dependence structure between all
pairwise markets. The bivariate copula parameter measures the strength of
dependencies across different financial time series, in a positive or a negative
single regime. However, the bivariate copula models do not allow us to see whether
these markets have specific properties of risk during market stress or crash periods.
This supports the importance of the time-varying dependence structure.

3.3.3 Time-varying dependence structure

Our study explores the time-varying dependence structure between sovereign CDS
markets and other financial markets of selected countries. For this purpose, we
compute daily Kendall’s tau dynamic correlation of t-copula to examine time-
varying dependence structure for all pairwise markets, using DCC-GARCH models.
To capture the time varying dependence structure, we use the MRS-ARMA models
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to model the daily Kendall’s tau correlations. This allows us to capture the
dependence structure for different markets.
The Kendall’s tau correlation coefficient is given by this following formula:

7, = 2arcsin(p)/n

The motivation uses the Dynamic Conditional Correlation (DCC) to calculate
daily conditional Kendall’s tau coefficient tk for each pair. In addition, Dynamic
Conditional Kendall’s tau correlation coefficient is given by the following formula:

Tpcx = 2aresin(pDCC) /7

where pDCC is a (1*N) dynamic conditional correlation coefficients vector. We

compute DCC based on GARCH models. For this purpose, we consider three
univariate models for the conditional variance process: a standard GARCH model,
Bollerslev (1986), EGARCH model, Nelson (1991), and asymmetric GARCH
model known as GJR-GARCH model, Glosten et al. (1993).

o GARCH model

The conditional variance following GARCH model of Bollerslev (1986) is
assumed by this expression:

P q
hy = o + Z O[Stz_i + Z ﬁht,j
=1 =

In the conditional variance equation, A, is 2 x 1 vector of daily conditional
variances of financial time series at time t, respectively, o is the ARCH term that
measures the effect of past innovations on current variance, f§ is the GARCH term,
which measures the effect of past variances on current variance. The degree of
persistence of the variance shock is measured by the sum of the ARCH and GARCH
parameters(o + f3). To ensure the stationary and the stability, the standard GARCH
process must respect following requirements: o >0; oo > 0; f > 0; o + f<1.

e FEGARCH model

Nelson (1991) introduces the exponential GARCH model where the logarithm of
the conditional variance is given by:

P q
Inh, = o + Z o (|er—i| + yi&—i) + Z B;lnh,

i=1 j=1

This specification considers that the leverage effect where past negative
observations have a larger influence on the conditional volatility than past positive
observations of the same magnitude, Black (1976), Christie (1982). Covariance-
stationary is obtained by requiring that f§; <1.

e GJR-GARCH model
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Glosten et al. (1993) modified GARCH model considering the leverage effect.
The GJR model is able to capture the asymmetry in the conditional variance
process. This model is defined as follows:

P q q
hy = og + Z ocstz_i + Z Bhi—j + Z dstz_jLKO(a,,j)
=1 = =

In the case of asymmetric GIR-GARCH process, I represents a dummy variable
the asymmetric response of the conditional variance to unexpected price decrease.
I =0 in response to positive shocks and I = 1 in response to negative shocks. A
positive and significant value of d indicates shocks indicating increase in future
conditional variance more than a positive shock at the same magnitude. The stability
and stationarity of the asymmetric process are obtained by requiring that:
og>0;0>0; f>0; f+d>0; o+ f+0.5d<1.

The estimation of DCC consist of two steps: First is estimation of a univariate
GARCH model, second is estimation of time-varying conditional correlations. The
multivariate DCC-GARCH is defined as follows:

Ht = D[R[D[
D; = diag (v, VI, - - - V)
R, = (diagQ,)~ " 0i(diag,)~*

where H, is the multivariate conditional variance, and D; is a diagonal matrix of
conditional standard deviations obtained from estimating univariate GARCH. The
different elements contained in D, are generated by a GJIR-GARCH (p, q), given by:

H:( hi 0 )(1 p,-o,f)( hi 0 )
' 0  Vho )\ P, 1 0 ho

where h; = ¢; + Zlfle(ai,,sl-z,_l, + My, &) + B quzl Bighit—¢s and i=1, 2...,
N. where Rt =[ p;,] represents the matrix of constant conditional correlation
coefficients,

Q: = [qij,] is the covariance matrix of standardized residuals, of (N X N)
dimension, symmetric and positive definite.

4ij: = Pij+ “(Zi.,t—lzj,t—l - ﬁi,j) + ﬁ(qij,tfl - ﬁi,j)

Gijt
Vi1 9.
dynamic conditional correlations. The parameters are estimated using quasi-
maximum likelihood method (QMLE) introduced by Bollerselv et al., (1992). Under

the Gaussian assumption, the log-likelihood of the estimators is:

p;; represents the unconditional correlations and p;, =

represents
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T
Z (nlog(2m) + log|D,|* + D' D; 'e,) + (log|R| + 8,R;' 6, — 8,6,)]

where n is the number of equations, T is the number of observations, 9 is the vector
of parameters to be estimated.

The first step of the DCC-GJRGARCH estimation process is to fit the univariate
GARCH specification for sovereign CDS spreads, sovereign bond spreads, stock
market and commodities returns. We estimate the univariate GARCH, EGARCH and
GJR-GARCH models. We find evidence of asymmetry in the conditional variance of
all financial market indexes. The results (see “Appendix 3”) highlight the
autoregressive conditional heteroscedasticity effects and the persistence of volatility
through the significance of variance equations’ parameters (o and 3). Moreover, the
parameter of asymmetry A is also significant for all financial market indexes, providing
evidence of asymmetry in conditional volatility. Consequently, the parameters are
statistically significant and log-likelihood values suggest that the GIR-GARCH (1, 1)
model is appropriate for sovereign CDS indexes, while the EGARCH (1,1) is adequate
to model sovereign bond, stock market and commodities indexes.

In the second stage, the DCC specification is modified to account for the
structural breaks in unconditional correlations.

3.3.4 Analysis of dynamic conditional Kendall’s tau

Figures 2, 3 and 4 show the pairwise daily Kendall’s tau correlations among sovereign
CDS markets and sovereign bond, stock, and commodities markets. As for the
dependence structure within the sovereign CDS market of peripheral countries, the
coefficients of daily Kendall’s tau correlations are significant and positive for all
pairwise markets, implying that sovereign CDS markets are highly interdependent and
move in the same direction. This indicates that the dependence structure is not static
but changes over time. Moreover, Fig. 2 reports how dependence structure among
sovereign CDS markets of peripheral EU countries has changed, especially during the
global financial crisis 2008 (GFC), the European debt crisis 2009-2012, oil price crisis
2014-2016, pre-Brexit period 2016-2020 and Covid-19 pandemic. We find that most
peaks are associated with the emergence of major economic, financial, political, or
public health events or crisis, enhancing the linkages between these peripheral
European countries. As shown in Fig. 2, we notice that dependence between sovereign
CDS and sovereign bonds within peripheral European countries is low before the
global financial crisis 2008, however a gradual uptrend is taking place post 2008,
suggesting that the various financial, economic, political and public health events have
intensified this dependence.

The dynamic Kendall’ tau correlation allows us to capture the dependence over
time between all pairwise markets. Results show that, the dependence between
sovereign CDS and sovereign bonds is negative. A bear sovereign bond market
condition is associated with a bull sovereign CDS market. As shown in Fig. 3, the
dependence structure between sovereign CDS markets of peripheral countries and
the other countries present significant time-varying behavior during the sample
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Fig. 2 Daily Kendall’s tau correlations within sovereign CDS and sovereign bonds of peripheral
European countries

period and a sharp rise during the GFC 2008, European debt crisis 2009-2014,
2016-2020 pre-Brexit and Covid-19 pandemic period. This suggests that major
crisis events have a significant enhancement effect on the interdependence among
sovereign CDS markets. Nevertheless, the US sovereign CDS and Portuguese
sovereign CDS markets exhibits relatively very low dependence, almost zero,
indicating an absence of sovereign risk spillovers between these markets. As per the
dependence structure between peripheral’s sovereign bond markets and sovereign
CDS markets of other selected countries, we find that the dependence between all
the pairwise markets are significantly negative, presents time-varying characteristics

@ Springer



Sovereign contagion risk measure across financial markets in the... 637

CDS Deumark
T

Cqike
papemic

ALY i (Chyid19
" i Referendun P i
 Sovwreign debx. | Sotereign debt | | it Covil
Y ) g i o
are' " W on the Brexit i S
o Crisis 20001 June 23,016 208 mx!mMﬂl?% June 23,2016 poleai
;0 A2 A4 A6 A8 A0 a0 A A 26 2w 2w a0 @ a4 26 28 2
CDS Netherlands Cos UK CDS Japan
T T
i 04 04} Gre !
o Sovwrdg debt June 2,016
02 02 aiss sz LU
[
a Tt JWWW? ’
02 ;_"I‘:"‘: 21 GRC 1 hgn debt Teleendu - Cojib1y [02
on the Brexit 04b ;208 crisis 0092012 June 23,2016 paemic {1
i on b Bresit
a0 2 2w w6 mw an ) B B B &6 AP A%

Sovereign bond —— Sov bon-Greece]

[="Sov bond-relnd — Sov bond-Taaly Sov bond-Partugal —— Sov bond-Spain

CDS Belgium CDS China
' i
P g 8,216
Referendum on | 04
i
05 Pk i
H 02|
0
0 Sowreign deb
n debt
02 . Brest period 19 0110 o e
s DB it 5
! PTG of i criss 2092012
) 04
2010 2012 2014 216 2018 2020 210 012 2014 216 2018 220 2010 2012 2014 2016 018 2020
CDS France CDS Poland CDS Germany

T r
i !

!
i Ciid-1
i June 23,2016
i

 Referendum ol
the B

0FFC Sovercign debt
risis 200012

! ol Calf

i 2016220 Fnl ic

i

20 M2 A4 WG A AN
DS Netherlands

i 1AV e 5.016!

02|
02
LAl Sovereign det ¢
OFH criss 0002012 1 i
™ i i
210 12 N4 N6 018 220 00 12 04 016 08 200 210 M2 26 a6 28 a0
[——=CP5Groce ——CDS e DS Ty, CDS Tortigl —— CDS-Spain |
DS USA CDS South-Africa CDS Sweden
04 T
Sovereign delx Bresit period  Cofi-19
03 — cisis 20002012 206200 pasklen
. une 23, h |
02 . Referendum on]
AR
o1 AN L\‘ Il
0 NI,
01
Brexit period  Cdid-19)
02 2.0 pelbdeni
BT en o am ww 2w am 200 212 201 26 201 202
—=oms ) Ty e : ]
DS USA CDS Soutl- Africa CDS Sweden
04 06 T
o) i . 04
o5 04} brc Sowedgnin | Breic priod € GFC Sowregn debx Bresit period Cobid 9
s i Wm0 P 0p) 1205 crss 00! 206220 pubdeai
o Pt I N i
okt g i B ]
W A
02 | e ,\‘l\\\/‘,c i)
f \‘(l* Y [
04} | Swreign de Brexit period Colid-19 | R e ad |
s 20002012, 20062020 parernic Referenidium
o the Bresic
06
20 2012 201 20 210 2012 2014 2016 2018 2020 2010 2012 201 2016 2018 2020
Sovbad ]

Sov Bond Portugal ——— Sov Boud-Spain Sov Bond-Greece.

220
[=—ov B rckand ———Sov By

Fig. 3 Daily Kendall’s tau correlations among sovereign CDS of European, American, Asian, and
African countries and sovereign CDS and sovereign bonds of peripheral European countries

@ Springer



638 S. Bouker, F. Mansouri

Foodstufi Industrial Metaks Natural Gas

Sowrdgn
Debt Criss

i
June 232016

pdemig

20 22 014 A6 A8 2010 2012 mu 216 2018 - 210 12 N4 A6 2018 220

&
——Belgium —— Denmark ——— France —— Germany —\elhshml» Poland |

Jume 22016

| Referendam
b the Brexit
1

02

Referendam i il ‘ o
on the Brexit i Referendum 01

on the Brexit plexlmu

10 212 214 016 2018 2020 0 M2 4 N6 218 220
Japan —— South-Aics —— Sweden — UK —USA|

Refeendum
) on the Brexit

!
Sowrdgn |
Debt Crisis |

1

o]04 ! W Referendum of
"\the Brexit
2,2016

Referendunfon
X the Bresit

June 3, 016,
2010 2012 2014 216 2018 2020 2010 2012 2014 2016 2018 2020
[—Belgnm —Deamark — France — Germany Netherhuds — Paland ]
04
2014-2016 oil Cdvid-19|
02 price plunge demid 01

02 i
( w Referendum oj i 2014:2016 oil Cobi
04F Y soveregn tmmommly d-19° X o e 02 s O )
e I the Brexit i | "
s e plnge une 3, 016 & o] 94 Dot Crss 1 b i Dbt Crisis | price plunge P
) Mo A2 e N6 s 220 210 W2 214 820 R L )
[ Japan — South-Africn Sweden _u Clia —USA|
02 02
Soreceign 2014206 oil Codd- Amis
Debt s o enic | 0.1
price plunge
0 offy
01 i
erﬂrml\lm on Referendum on
02, » b i
he 92 WheBrexit
b 5316 i Jane 32016 i
20 M2 214 A6 M8 220 M0 W12 o 6 e %
== 1 Tuly Partugal —Span ]
o Nidel Silwr
02
0 o1
i 0
o1 "
W : v .,5. Rl
H Colid-19 i fyrendutnon |
0 i e 32016 22 i he Brexi i
W Referendum on Pospenic ,'m'g‘::m ﬂ‘l;':
b i the Brexit i 03 i ¥ I
;0 22 W4 6 A8 20 200 M2 24 A6 .8 22
[ Frce y
04 T 3
’ ' [ i : ‘un:j)lﬂlﬁ :
02 \' Referchdumgn
WG T
1%
LR
4
theBreyi | °
20 W2 M4 w6 2w 220 20 212 214 a6 218 2000
— T Japan —— South-Affir — Sweden —
Cli 3 Soutl-Af Sweder UK USA]
02 T Referendumon 1 T Referendum on H 04
. i
. June 32016
Sowreiga Debt Codd19
01 02 et l\dm-n(d\\mun panlienic
the Bk
0
01 ik {l
02 \ il
e Ba0ts SO
03 pnr’(leml
20 W2 4 26 28 ;0 20 .2 24 26 am 20 W2 24 26 28 220
[——"Grece —Treland —Spain -hml

Fig. 4 Daily Kendall’s tau correlations between sovereign CDS markets, stock, and commodity markets

@ Springer



Sovereign contagion risk measure

across financial markets in the...

639

s sove CDS Grece , rkh v Boud-CDS ity i CDS Porugal
e ; . i
- i gt oo} S g &
o mn Bu Aw me Bm w0 Bz mw me me BE 0 @z Bu 26 w8 mH
I soreign G D5 Ly
' T
v e s || 4
i L[
T mn mu me @w mA T mn mu aw mw mm o mu mu @n o o wn mw me mw @
i DS Potugal ; Halan sovrdgn Bond-CDS Span Pontagness vaign Boad CDS Patugion sowrign Bond-CDS sy
- S s i Sonmips it “ i b el
ERE TR TR T T B0 B me mw @m D0 mu mW aw B 20 B0 mu mW @6 B 20
Portugune oneign Bond-CDS It Patugse sovnign Bond-CDS Prctuga Portugune unveign Bond-CDS Spain Spanih snevign Ba-CDS G
'
os @ et bt ol Sorn i St bt e o
BRI bee o X S e ) [5li4 o5 Tt pon 1 8 o illo
i -
EDNENEE TN w0 mz B w6 o mr mu mw a6 2m
Boad-CDS baly , Rt Ry W,.m e Boos 005 P Spasis soevign Bond CDS Spuln
P I e cerin bt P— ..
d e fin 2016 I(,.. 08 oo ’M ]I w Hos} I ot (W“..' 05 vy m‘ “| i.
To B mu me B 20 B0 mn_ow_ o me R T TR T ) ik,
[ Tov aw ]
; DS PoragahCDS bt CDS SpaiCDS e P— Eoergy CDS Irland
Greek crign & g et - 8
05/ i Tieplost [ pfriod . r...“m e s (et H il
L
B0 2w B 26 B 22 W0 ae au 26 26 22 Az au as W 22 a0 me DU 26 W 2
DS GriecoCDS kbt DS GroceeCDS sy Coue ol DS G By DS Groee
I T TT T
o Sows ’ Sove saithy — | "
1|2 T — Sovregn el ) Cotidos) || Sovei de Corid |
erkis 5 ass Beifprbd el | e ] ke 2
| " o |
B0 22 2% 26 28 B0 T T R £ wwe  me am w0 A AW A6 A6
CDS Iy CDS Spin CDS (DS Patugal Crode i -CDS Iy Euerey DS luly
Soveign debt Soverigh det ot nf | vt I | o e Y
ki panni ais ¥ aiis
0
A0 22 AU D6 BiE 20 w0 22 o4 26 @6 22 w0 Az au @6 @ B0 Az aw 26 26 an
CDS Iy CDS rad 59 S O G Energy -CDS Portogal.
' ™) T
Sovecign deb etk P
o) Soveeb e s o
i B kot [*9] e gt Boes ofed o
| L L
a0 Az A A6 B B8 B0 22 Au w6 aw 20 B0 an 2w a6 26 An B0 22 2w A6 B8 200
CDS Spuin CDS Poctal D3 Grmn 0 [ u I e oil-CDS Spain Enerey -CDS Spin
o | i 'I m.ml, [ s sowied aete ,.,,,‘.4 ‘ m‘ Plastl] [Soreden dix e L
| | (ML
@0 Az AW 26 26 20 w0 wn au w6 2m x@ w0 w2 ww w6 w8 mm ECNE T T T
[Tz Depelence Stuctur regine —— Tow Dependene S ]
Foodtufs- DS Gre Foadtafs - (DS lly ) r s - CDS Poragal Gk CDS Growr
1 1 I
l ‘ sm i So
g il s osl] | o
o4 " Lictie|** ] ebe M ; Debf g
L 1R
a0 A 2w A6 A8 BB a0 an w4 w6 A6 22 R R
, DS Gold: CDS Iy Gai- €DS Putugal Gold- CDS Sain
T 1 ! |
\ ) T m
0 ‘,\ M. Dbt osi || Sover os | S P
i | of f s |
o
20 mlz ETEE) zm S s w9 e sh =8 w0 Az 2w A6 8 D po 2w 2w A6 28 20
Il Mol (DS e ks DS el DS s | 4N (IS
li
il m Tl 1|
0 id1h] os)
o8t | i (g i“ “ % ” T fid pand " pandd
o
TEEET) ) 200 206 28 00 02 24 06 218 220 20 212 01 216 18 2020
Nt Gas- CDS Grce i ol s Pl Nk CDS G
| TT T T
Soefeign
o3
“l Db Criss {ml i
m m wull
TR TR W0 22 W 6 2B W0 w2 w4 A6 s 2w
Nickel- CDS Irdand Nickd- CDS u- CDS Portugal
os| | [[Sovereen o Soveregn Y werdg Corid
Debt Crisis andend{ | | |Deb ¢ bt Cfis pandel
B0 an  BM FIRE) W0 A2 24 N2 22 ;A A4 2 a8 2 AT AN aReay
[—High Dependence Structure Reginse —— Low Dependence Structure Regine]
S CDS G SiberCDS It Sive
T T
o
T TR o0 2072
. " S i " Sk ke DS sty
i c
o0 w20 mwe

Fig. 5 Plots of switching regime of Kendall’s tau correlations between peripheral European sovereign
CDS markets with other financial markets

@ Springer



640 S. Bouker, F. Mansouri

CDS Grow - CDS Belgiun CDS Grvece - CDS China CDS Gresce - CDS Dowsnark DS Grasse - CDS T

210 212 201 2020 20 212 201 2016 2018 2020

05| Soverdgn debt Crisis

20 212 216 206 20

s CDS Greeen - CDS N DS Greege - CDS Poland.
Sowtdign debt Soverdign debt 5] |[sovercizn ac
Cris (Crisis
2010 20'2 20'4 2016 2018 ?‘720 2010 2012 22010 2012 2014 2020 22010 2012 2014 2016
CDS Greeee - CDS South Africa DS G CDS Gre - CDS UK DS Grer - CDS TSA
Soveregn dee Sowrdgn de Soverdign debt los| Soverdign d
g Brexi i
ROT BT, DL B0 H0 22 21 26 208 200 210 2012 201 206 2016 2020 210 012 2014 216 200
CDS Irlapel: CDS DS Ladapel. CDS Dok CDS leeaud CDS Fru
5 Covid|
Svereig overcign del Softffa debe
o5l || Sfrereizn d Sovwrdgn debt S| o panderffos| | Sovreign debe
Crisis § Bre Crisis
0 212 2004 2006 28 2020 o122 206 216220 B0 BT AW & M0 2012 2004 2006 200
Fpabai e g s CDS kedaud: CIS CDS Il CDY Pl
creign deb iall ks gl Cpid- Soverean |
os} | Sovereign debt Brgxit| | Cvia{ho \' gy Brbkit T ealios! Sover bt Stmn‘xn debt .
s papdeflid r[.... L Crisis
L
EQ 2002 6 208 2020 210 201 1 0
oS it CD8 Souk A . T8 CDS Ireand CDS

CIS Irgland: COS USA

Uk
los} | Sovereign del Brexit {4

padv Hndfmld
) w6 W0 Bz WU D6 D6 2B
Low dependence structure regime] }

Sorerignde {

5 CDS Iregud CDS Spede
;}uul-lﬂl[ u m.Ea )es :‘:L"”-“""[ }y“.ﬂ l'
2 M0 1220626 2162020

[=—Tigh dependence structure regime

. IS laly. CDS Bl i S I CDS Cl C08 laly- CDS Dinmsaek CDS Lty (TS B
PRI [ S— et . D J Sowdbn Debt exic ||| Coffp], | | Sovercign Debx edcit Covidlo
| (Crisis Crifis Cris rexifl| Mool | crisis panddhnid
o ||
0 o au w6 26 mm 0z 2u 26 20 212 24 206 26 220 o0 212 W04 216 218 200
§ CDS . CDS Geamey , CDS lualy- CDS Japan AT Aol & CDS ltaly- CDS Poland
os|  Sowreign D s ol Bebatt os) | | Sovereign Debx ! chidi
Crisis it Crisis
pehdduic
o o
200 202 204 2016 2018 200 210 212 214 216 2018 220 W0 212 _20M 2006 20 220 W0 21221426 208 220
DS ltal- CDS South Africa CDS Lty (1 CDS Ty COS UK DS [aly- CDS USA
o5 los} | Sovercign Debt e los} | Sovereign Debt exit Josp |[ Sovresn b Bregt
Crisis Crisis Crisis i
W0 212 21 206 2008 20 20 212 24 216 26 22 N0 212 24 216 206 A2 o0 D2 204 2006 206 20
CDS Bortipgl COS B CDS Portugal- CDS China CDS Portugl- CDS Denmark _ CDS Raly CDS France
03] | poferen Db o il el | Sofetish D eblte [Hviatolll ol | souddbn pee b [oviflo
s fbmni’ cii ddi it andl i
20 212 2014 2006 208 2020 210 zm w6 10 12 24 216 2008 2020 010 212 218
CDS Portugal- CDS Genany . DS Ports i CDS Portugl CDS Netherlands S Poland
Bovercign Del el
osfl Fricts Bre 0| 05f| | Sowregu Dl Hpexit
i Crisis
o
20 212 201 2006 2008 20 210 212 204 216 28 O 0 22 214 06 2018 2020 N0 212 21 216 208 220
CDS Portugal CDS South Afiica CDS Partugal- CDS Swedens CDS Portugal: CDS UK
8] los| Soverelgn Deby Brexi osp | Sovercign Debt
risis Crisis
210 W2 A% 26 N8 200 210 21 1 2016 218 2 o0 212 2 206 28 20
s CDS Spain- CDS Belgium CDS Spain- CDS China. CDS Spuin- CDS Denmark
T T
05 fovercign Dl t 119 Jos|| |Soperelst Deb 5 Coil | | Sorgpl Dbt
! demic Crsis pandey o
L L
2010 2012 2014 2016 2018 2020 20 w2 2 206 208 200 o w | we  we e 2%
CDS Spain- CDS France DS Spain- CDS German s DS Spain CDS Japan )
ol | s Debt ol| | Sovereign Debt osl| (Ml ‘ ‘ TLHH I
. Crif Crisis
o |
o0 2ozt e 2o 200 0w | @ wm @e 2% 2010 oz 204 200 2018
CDS Spain. CDS Netherlands ; X Spain CDS Polan CDS Spain- CDS South Afrca
Soferfign Debt rexit Coyida ‘
Ol cebis eny H ¥
L o

o wn w6 o 2 EE) e otz w0 mw  ma  me @
CDS Spain-CDS Sweden cDs Slwn o UK p cns Spin cns USA
Sovereign Debt Brefft Covid Sovereign Debt “ ‘ ‘ | ‘ J f
9 B os|
o3[ | Crisis Sl Criss ‘ | i ‘
o ML) RATUAN .\\
wo mu mw ww | @w  mm w0 me  wmw  ww  ow wm w0 me o oaw ez

High dependency structure regime

Low dependency structure reg.me[

Fig. 6 Plots of switching regime of Kendall’s tau correlations within sovereign CDS markets of
peripheral European countries and other countries

with a sharp rise during the GFC 2008, sovereign debt crisis 2009-2014, 2016-2020
pre-Brexit and Covid-19 pandemic period, suggesting that sovereign risk spillovers
between these markets has been amplified by these global events. However, the
coefficients of daily Kendall’s tau correlations for American sovereign CDS- Irish
sovereign bond, Swedish sovereign CDS-Irish sovereign bond, Japanese sovereign
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Fig. 7 Plots of Switching regime of Kendall’s tau correlations between sovereign CDS markets of
European, Asian, American, and African countries and sovereign bond markets of peripheral European

countries
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Fig. 8 Plots of switching regime of Kendall’s tau correlations between sovereign CDS markets of
European, Asian, American, and African countries and commodity and stock markets
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CDS-Italian sovereign bond and Japanese sovereign CDS-Portuguese sovereign
bond are significant and equal to zero, indicating the absence of sovereign risk
spillover effects among these markets.

We observe that crude-oil and energy markets illustrate negative and significant
time-varying dependence with all sovereign CDS markets of both peripheral and non-
peripheral countries, with a steady dependence with Japanese sovereign CDS market
(see Fig. 4), Moreover, the level of dependence is initially low before mid-2008 but
has been followed by a gradual uptrend after the GFC 2008. Some positive and
negative jumps of the dynamic dependence are observed during the turmoil periods.
This finding supports the presence of sovereign risk spillover effects between these
markets. As per the natural gas market, we find that the dependence present significant
time-varying feature only with sovereign CDS markets of Greece, Italy, Portugal,
Belgium, France, Uk, USA, South-Africa and China. Besides, the natural gas market
illustrates higher dependence with US sovereign CDS market while exhibits a
relatively low dependence with others sovereign CDS markets.

Similarly, the foodstuffs market exhibits a relatively higher dependence with the
US sovereign CDS market than with the sovereign CDS markets of Greece, Italy,
Portugal, France, Denmark, Germany, Sweden, UK, and Japan. Furthermore, we
find that the dependence structure between industrial-metals market and sovereign
CDS markets present dynamic feature. Portugal is an exception with a weak and
static dependence. For the metals markets, we find that dependence structure
between sovereign CDS-Gold, Sovereign CDS-Silver and sovereign CDS-Nickel
pairs swing to either positive or negative directions, except the Chinese sovereign
CDS-Gold pair. Similarly, the coefficients of daily Kendall’s tau correlations of all
sovereign CDS-stock market pairs are significant and negative, revealing that these
markets move in opposite direction. During 2009, sovereign CDS markets reveal a
turbulent rise. Stock market prices has experienced a sharp decline, indicating a
negative dependence among these markets. More interestingly, as shown in Fig. 4,
the dependence structure experienced a sharp rise on 23 June 2016, which is the day
of UK referendum on Brexit, as well as during the Covid-19 pandemic period. This
indicates that major geopolitical and public health events intensify dependence
among sovereign CDS markets and other financial markets. This clearly suggests
the presence of sovereign risk spillover effects during these stress periods.

3.4 Sovereign contagion risk analysis

To determine whether there is interdependence or contagion between the markets, we
model the dynamic Kendall’s tau correlations time series using MRS-ARMA
modelling. We consider time series of daily Kendall’s tau correlations with a time-
varying characteristics and exclude series that have a steady feature over-time from
this analysis. We summarize in “Appendix 4~ the MRS-ARMA findings and showing
the estimated transition probabilities (P11 and P22) being all significant and different
from zero. This indicates that the dependence of different pairwise markets switches
between two regimes: a low and a high dependence structure regime. We define the
regime 1 with a low volatility as regime of a low dependence structure and the regime 2
with a high volatility as the regime of a high dependence structure.
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To assess sovereign contagion risk, we first test if the dependence structure
switches from a low dependence structure regime to a high dependence structure
regime and if all pairwise markets remain in the same regime of a high dependence
structure during the major events chronologically the GFC 2008, European debt
crisis 2009, pre-Brexit 20,016-2020 and Covid-19 pandemic period. The results
support the evidence of sovereign risk contagion during these major events.

Regarding the dependence structure within peripheral’s sovereign CDS markets,
the results reported in the “Appendix 4”, show that all series are modelled by a MRS
model. The exceptions are Italian CDS-Portuguese CDS pair and Italian CDS-Spanish
CDS pair modelled respectively by MRS-ARMA (1,1) and MRS-MA (1). The
estimated parameters values are all significant at 1% significance level and estimated
transition probabilities (P and P,,) are all high enough and close to one. This implies
that the dependence structure differs greatly between the two regimes. As shown
Fig. 5, we observe that the dependence structure remains in the regime 1 of a low
dependence structure until last quarter of 2008 for all pairwise markets, then changes
take place in joint probabilities and the dependence structure switches to regime 2 from
mid-2009. Furthermore, we observe that all pairwise markets remain in the same
regime of high dependence structure during the European debt crisis 2009-2012,
indicating the presence of sovereign risk contagion. In addition, we find out that the
dependence structure moves from regime 1 to regime 2 during the pre-Brexit period,
with less persistence in regime 2 of high dependence structure. Also, we notice that the
date of switching of regimes is far apart among pairwise markets.

The dependence of Italian CDS-Portuguese CDS, Italian CDS-Spanish CDS and
Spanish CDS-Greek CDS pairs remain in the same regime of low dependence
structure till the end of sample period. This allow us to conclude that there is strong
interdependence between peripheral’s sovereign CDS markets during pre-Brexit and
Covid-19 pandemic events. As per the dependence structure between sovereign
CDS and sovereign bond markets within peripheral European countries, the results
depicted in (see “Appendix 47), we find that all estimated parameters values are
significant at 1% significance level and the estimated transition probabilities P11
and P22 are all high and close to one. This implies that if the sovereign CDS and
sovereign bond markets are highly dependent, it is more likely to be persistent
(99%) and there is small probability to 1% of moving to low dependent regime 1.
So, there is indication that the dependence structure of all pairwise markets is
characterized by two separate regimes.

As seen in Fig. 5, the dependence structure for all pairwise move from low to
high dependence structure regime, and then remain in high regime during the
European debt crisis, pre-Brexit, Covid-19 pandemic events. These results confirm
the presence of sovereign risk spillovers running from sovereign CDS to sovereign
bonds markets within peripheral European countries, providing evidence of
sovereign risk contagion during these crises. The results regarding the dependence
structure between sovereign CDS markets of peripherals European countries and
other countries, are included in (see “Appendix 4). For the eurozone countries, we
find that the estimated transition probabilities are all high and close to one, implying
that the dependence structure switches among the two regimes. The exceptions are
the German sovereign CDS-Italian sovereign CDS dependence structure and
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Spanish sovereign CDS-Polish sovereign CDS dependence structure, which have
low probabilities of being in regimel during our sample period, respectively 0.41
and 0.47. We observe that regime 2 of high dependence structure is more persistent
for all pairwise markets. In addition, we note from Fig. 6 that the dependence
structure moves from low to high dependence structure regime, and then stabilize in
high dependence during the European debt crisis, indicating that all sovereign CDS
markets have been impacted by this major event. We note that there is a regime
switch due to pre-Brexit for most pairwise markets, supporting that sovereign CDS
markets of core and non-core countries are highly dependent with at least a
peripheral country during the pre-Brexit. Therefore, these dependencies confirm the
strong interlinkages between core and peripheral countries in the eurozone and
support the presence of sovereign risk contagion during pre-Brexit. Moreover, the
dependence structure moves from regime 1 to regime 2 during Covid-19 pandemic
period suggesting that there is sovereign risk spillovers among sovereign CDS
markets which provides evidence of sovereign risk contagion. In the case of US, we
note changes of dependence regime with Italy and Ireland to high dependence
structure until last quarter of 2008 and a switch to regime of low dependence, and
thus indicating a sovereign risk contagion during the GFC. More interestingly, we
observe that the dependence structure with Greece remains in the regime of high
dependence structure during the period from the first quarter of 2010 until the last
quarter of 2013, the sovereign debt crisis, during the last quarter of 2014 to last
quarter of 2017, the oil price crisis 2014-2016, pre-Brexit 20162020, and finally
during the Covid-19 pandemic period. Obviously, these findings provide some
evidence major events have caused sovereign risk contagion across sovereign CDS
markets of USA and Greece. In the South African case, we observe that dependence
structure with Greece remains in the regime of high dependence structure until the
first quarter of 2014 and a move to regime of low dependence structure implying the
presence of sovereign contagion. Moreover, the dependence structure with Ireland,
initially remain in regime 2 until the last quarter of 2008 (GFC 2008), then moves to
regime 2 starting the first quarter of 2009 till the last quarter of 2013 in
concomitance with the sovereign debt crisis. This regime change reveals strong
linkages with Irish sovereign risk, and evidence of sovereign risk contagion. For the
dependence structure with Italy, Portugal, and Spain, we find that it remains in the
regime of low dependence during the entire sample period, and thus indicating a
weak interdependence and not a contagion phenomenon. For Japan, we find no
sovereign risk contagion with Italy, Portugal, and Spain. However, the dependence
structure with Greece remains in regime 2 until the last quarter of 2012 and then
moves to regime of low dependence, revealing sovereign risk contagion during the
GFC 2008 and the European debt crisis 2009-2012. In addition, we find evidence of
contagion since the dependence structure with Ireland remains at regime 2 during
the sovereign debt crisis, oil prices crisis, pre-Brexit, and Covid-19 pandemic
period. For China, the Chinese sovereign risk is highly dependent with Greek
sovereign risk during the GFC and European debt crisis. Furthermore, we observe
also that there is strong interdependence with sovereign risk of Italy and Spain,
while a weak interdependence with sovereign risks of Portugal and Ireland. Hence
contagion took place only with Greece and Ireland.
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Regarding the dependence structure among sovereign bond and sovereign CDS
markets, we find, as included in (see “Appendix 4”), that the estimations values of
all parameters are significant at 1% significance level. The estimated transition
probabilities (P;; and P»,) are all high and close to one, implying that the occurrence
of switches between low and high dependence regimes are infrequent. For the CDS-
Bond of South Africa and Irish sovereign bond-Danish sovereign CDS, where the
probabilities of being is regime 1 (Py;) are respectively 0.5 and 0.47, indicating that
regime 2 is more persistent than regime 1 during our sample period, and thus, we
have no contagion. Figure 7, indicates that dependency structure of all pairwise
markets remain in high regime during the sovereign debt crisis, showing that the
sovereign debt crisis has contagious feature and is transmitted from peripheral
European countries to other countries. Moreover, results confirm that sovereign risk.
In addition, we note the US sovereign risk is highly dependent with the sovereign
risk in EU peripherical countries. In China case, we find evidence of sovereign risk
contagion during the following periods: the sovereign debt crisis, the collapse of oil
price, the Brexit and the Covid pandemic, where there is switching of dependence
structure from a low to high regimes. In Japan’s case, we confirm that there is strong
sovereign risk contagion from peripheral’s countries Spain, Greece, and Ireland
during the European debt crisis, but weak sovereign contagion during the following
periods: collapse of oil price, the GFC, the Brexit and the Covid-19 pandemic.

Regarding the dependence structure between sovereign CDS and commodity
markets, we find that all estimation parameters values are significant at 1%
significance level. As per the dependence structure between the sovereign CDS and
foodstuffs markets, the estimated transition probabilities (Py; and P,;) are all
significantly high, indicating that the dependence structure moves greatly among two
regimes. the figures depict that the regime 2 of high dependence structure is more
persistent and all pairwise markets remain in regime 2, during the European debt crisis,
thus there is strong sovereign risk contagion with sovereign CDS markets of Denmark,
Sweden, UK, USA, Greece, Italy, and Portugal, and simply strong interdependence
with France, Germany, Japan. Interestingly, there is no contagion effect in the case of
dependence between foodstuffs- sovereign CDS of UK and USA since it remains in the
regime of low dependency structure, respectively during the Brexit and GFC periods.

For Energy markets, we find a strong interdependence between Natural gas
market and peripheral countries sovereign CDS markets. The dependence structure
remains in regime of high dependence structure during the entire sample period. For
natural gas markets, we note a sovereign contagion effect from sovereign CDS
markets of France and China during the oil price collapse, pre-Brexit, and Covid-19
pandemic. Regarding the dependence structure between sovereign CDS and crude
oil markets, we find evidence of contagion for all countries during the sovereign
debt crisis 2009-2012, Brexit period and Covid-19 pandemic period, except the
Poland and Belgium. Furthermore, we observe again a contagion effect during the
collapse of oil price for all countries, except peripheral’s European countries,
Belgium, Poland, and South Africa.

As for the internal dependence structure, we consider the dependence between
sovereign CDS and stock markets for various countries. Figures 5 and 8 depict that
sovereign CDS markets have strong linkages with stock markets, especially in Italy,
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Portugal, Denmark, Netherlands, China, and USA, where we observe that the
regime of high dependence structure is more persistent. indicating strong
interdependence between sovereign CDS and stock markets in these countries.

4 Conclusion

In this paper, we explore the impact of major crises on the dependence structure
between financial markets. A particular focus is made on sovereign risk contagion
and transmission across financial markets during major crisis, Sovereign debt crisis,
pre-Brexit and Covid-19 pandemic. Using a methodology that test for the existence
of possible time-varying dependence among sovereign CDS, stock markets, as well
as commodity markets, using a dynamic Kendall’s tau correlation that is developed
using the copula and the DCC-GARCH models. We identify breakpoints of the
daily Kendall’s tau correlations series and dependence structure, using Markov
Regime-Switching ARMA models. We identify the presence of sovereign risk
contagion by testing whether there is a switching of dependence from low to high
dependence structure regimes. Results indicate that sovereign CDS indexes can
serve as hedge assets against risks in various markets. Moreover, there is evidence
of time-varying dependence structure among all pairwise markets, implying that
investors and portfolio managers should frequently revise their investment
strategies. Using MRS-ARMA modelling, we find that the dependence structure
switches regimes from low dependence structure, or weak interdependence, to
regime of high dependence structure, or strong interdependence. Moreover, we find
that there is switching of regimes, and the dependence structure moves to a high
regime during major crisis events, such as pre-Brexit, the European debt crisis
2009-2012, and Covid-19 pandemic. This indicates that the major global crisis
events have intensified the sovereign risk spillovers effects among financial markets
of the peripheral’s European countries and other countries.

An accurate modelling of dependence structure between financial markets is
major importance for investors and policy makers and supports hedging strategies
and public policy design. Investors ought to be aware of the type of regime change
and the duration of the dependence during different market states. This method-
ology would help to determining the appropriate assets to manage extreme risks.
Significant time-varying characteristics of dynamic dependence structures suggests
that fund managers and investors should take into account in their investment
strategies to manage systemic risk estimation and high-risk investment. Enhancing
the mechanism of response to major crisis is of fundamental importance allowing
market participants to properly react to global crisis in a timely manner and take
appropriate strategies, to minimize risk and losses. Indeed, our methodology offers a
proper tool to provide information regarding time-varying characteristics of
dependence structure between sovereign CDS markets and other financial markets.
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