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Abstract
The occurrence of more and more financial crises characterized not only by their persistence
but especially by their severity and magnitude encourages further investigation on portfolio
diversification and financial assets’ comovements. This paper studies the volatility spillover
among 33 worldwide Sovereign Credit Default Swap markets and their underlying bond
markets. Conversely to the studies of the literature, heteroscedasticity, asymmetric leverage
effect and long-memory features of sovereign credit spreads are simultaneously taken into
account through a bivariate FIEGARCH model and a Bayesian cointegrated VAR model.
Similarly to the literature, our findings confirm strong evidences of credit risk spillover
between credit markets accentuated during crisis periods. However, our country by country
analysis allows us to show that countries exhibit different sensitivity levels and reactions’
divergences to financial shocks. Further, we show that the bidirectional interrelationship
evolves over time and across countries emphasizing the necessity of time-varying national
regulatory policies and trading positions.
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1 Introduction
Aiming to control the financial stability, to anticipate financial turmoil and to appropriately
balance risk against profitability in investment mix, portfolio managers and policy makers
assign a high priority to understand the risk spillover over time and among various credit
markets. This issue is, actually, to be addressed to determine and develop both the optimal
level of portfolio diversification with the associated risks and the indispensable regulatory
policies for macroeconomic-level financial supervision. With the considerable arising ques-
tions about the financial markets’ comovement dynamics, a particular interest is given to
interrelationships between the credit derivatives and the bond markets in both academic
and non-academic backgrounds. Despite the perpetually increasing number of studies on
the proper credit risk assessment, the lead-lag relationship of the credit spreads’ second or-
der remains of importance and needs deeper investigation particularly after the world credit
markets integration and the occurrence of financial crises. In fact, the necessity of compre-
hending and assessing the interaction between credit spreads volatility and the spillover effect
between credit derivatives and their underlying markets remains a crucial issue in financial
research, whether to avail of arbitrage opportunities, to realize some hedging operations or
to speculate on the predictability of the borrowing cost. Yet, understanding in which way
and how intense shocks are spreading among credit derivative and debt markets is very im-
portant, so economists, regulators and policy makers can anticipate credit markets’ reactions
to turmoil periods and reduce, thus, the extent of financial instability.

Several works consider the interrelationship between derivative assets and their under-
lying markets and focus, notably, on the co-movement dynamics of the CDS and the bond
market. This strand of research can be divided into three groups following the purpose:
First, research focus on the identification of the price discovery process origin. Second, an-
other part of the literature works on the explanation of the price difference between CDS
spreads and Bond spreads (CDS-Bond basis) by means of several financial and economic
variables. Third, other empirical works consider this dynamic relation in the context of a
shock transmission and contagion mechanism. Our paper fits in the third category and ex-
amines the volatility spillover between the sovereign CDS market and the underlying bond
market of 33 countries with different economic status and belonging to five different inter-
national geographical regions during a long period spanning from January 2006 until April
2014 covering the Global Financial Crisis as well as the Sovereign Debt Crisis.

The main works, studying shocks transmission between CDS and bond generally focus
on the spreads’ first moment and suppose a non-informational volatility interaction[1]. These
studies are also based on empirical approaches and methodologies that present some econo-
metric issues: For example, the use of VAR model in its different forms is not necessary
heteroskedasticity robust which distorts the results of cointegration and causality. Further,
the use of joint volatility processes, through multivariate DCC or BEKK models, is not suf-
ficient if the credit spreads statistical properties are not all taken into account. Moreover,
most of the studies samples are composed by regional countries and gives thus only re-
stricted evidences that is not straightforwardly suitable for other regions exhibiting different

[1]For volatility spillover analysis, Tamakoshi and Hamori (2016) examine corporate indexes for banking,
life insurance and other UK financial sectors over a period spanning from 2008 until 2013.
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characteristics.
This article contributes to the existing literature in several ways while studying the dy-

namic volatility transmission between the underlying bond market and their sovereign Credit
Default Swaps. First, unlike most of the previous studies, the aforementioned methodological
shortcomings are filled by providing an improvement in the usual econometric framework:
our results rely on both a reduced-form of the VAR model and an extensive-form of the mul-
tivariate GARCH model. Second, in order to assess the interconnectedness and the volatility
spillover effects among the CDS and the bond markets, a class of model based on the AR(1)-
FIEGARCH(1,d,1)-DCC is carried out, whose relevance is justified by the identification of
the credit markets’ particular properties. And so, the leverage effect, the asymmetric power
and the long memory behavior of sovereign CDS and bond spreads are taken into consider-
ation in the volatility spillover estimation. As proved by the results of our model, admitting
these specifications in a multivariate model’s computation adds more robustness to the em-
pirical results and provides more relevant decision-making process. Third, our econometric
technique controls and exploits the heteroscedasticity in the Bayesian Vector Error Cor-
rection model which allows the Granger-Causality test in mean to capture both small and
extreme risk propagation. Fourth, we use a worldwide countries sample representing the
international context so we can study the risk spillover among countries with different eco-
nomic characteristics and financial features and give, thus; some general evidences. Fifth,
unlike previous study, our data covers the Global Financial Crisis as well as the Sovereign
Crisis during which trading CDS contracts no longer only concerns hedging operations but
also arbitrage and speculation. The studied period allows us, then, to examine the impact
of crises on risk spillover dynamics. Finally, our study is not limited to country-by-country
analysis but also investigates the reactions of synthetic financial portfolios constructed using
economic growth, regional and credit rating criteria.

Even though several researchers studied the co-movement relationship between the CDS
market and the underlying bond market, our paper is the first to include further significant
credit spreads properties in the volatility transmission estimation model which gives more
robustness to the results. In fact, the investigation through the FIEGARCH-DCC model and
the BVECM model detects greater shock transmission across worldwide credit derivative and
their underlying markets. The study of such phenomenon during a long period covering the
recent two financial crises reveals that the risk transmission is even more important during
turmoil phases. Yet the analysis of countries with dissimilar characteristics shows different
sensitivity degree and reaction direction that fluctuate over time and across markets. Finally,
besides the country-by-country credit spreads’ analysis, our paper examines the volatility
spillover between synthetic financial portfolios constructed following several criteria: the
economic growth, the region and the credit rating.

The rest of the paper is organized as follows: Section 2 depicts the literature reviews
on the comovement between the CDS and their underlying markets. Section 3 displays the
data used and the econometric framework. Empirical results and discussion are presented
in section 4, while section 5 is dedicated to the concluding remarks and implications.
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2 Literature review on CDS and underlying bonds
The interconnectedness between capital markets have been abundantly assessed in the fi-
nancial literature. A specific strand of these researchers, focusing on information and/or
shock transfer between the CDS and the underlying bond markets, is of particular interest
in this paper. Even though the approach is the same, these various studies can be divided
into three groups following the purpose.

2.1 The price discovery process
Researchers, focusing on the price discovery process, aim to determine the origin of the
credit price formation. The earliest study conducted by Zhu (2006) shows that CDS takes
the lead in the price adjustment process. Focusing on the Japanese mega-banks’ credit
spreads, Baba et al. (2007) empirically find, as well, that corporate CDS market plays the
primary and the dominant role in the price discovery process of credit risk to the detriment
of the underlying bond market. In contrast, using daily data of 8 emerging countries, Bowe
et al. (2009) show that—even though the average price difference is positive reflecting the
preeminence of the CDS spreads over the Bond spreads—the CDS market does not take the
lead of the price discovery process. Coudert and Gex (2013) concentrate the analysis on
the GM and Ford crisis periods and confirm the previous findings. These authors study the
interaction between corporate credit markets during the General Motors and Ford crisis and
reveal that these two markets trace each other and that corporate CDS market influences
the bond one with an intensification of this interaction pattern during turmoil phases. When
it comes to sovereign markets, the interrelationship seems to reverse and the low-yield bond
market gets back on top of the price discovery process. Based on results of country-level
analysis and using a time varying vector autoregression on 5 -year and 10-year maturity
contracts, Calice et al. (2013) show that these two markets comove closely. However, the
main finding of this paper is that the liquidity of the CDS market has an important impact
on the bond spread. Furthermore, authors empirically demonstrate that this information
transmission and interaction mechanism differ from one country to another and depends on
maturities. Yet, this trend is more important during turmoil period where the CDS market
clearly overtakes the bond market in most cases. This study is only limited to European
countries. More recently, Fontana and Scheicher (2016) present different findings where
the price discovery process depends not only on the countries’ specifications but also on
arbitrage and liquidity effects. Focusing on sovereign CDS of 10 euro area countries over a
period spanning from 2006 to 2010, the authors show that, as expected, the price adjustment
is initially observed in the CDS market but after September 2008, the mechanism changes
the direction and takes place in the bond market.

2.2 The determinants of the price divergence
Another strand of the literature tries to explain the price divergence between CDS spreads
and Bond spreads (CDS-Bond basis) by using several domestic and international variables
as proxies for assets’ properties. Cossin et al. (2005) show that, unlike the theoretical parity,
corporate CDS premiums and bond spreads of the 180 most liquid European companies are
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not closely related in the short run, and they show that this pricing difference is mainly
explained by the liquidity premium and the contract specifications (the cheapest to deliver
option). Blanco et al. (2005) find an equilibrium relationship between theses credit deriva-
tives and the corresponding bond spreads in the long-run. These authors argue that the
parity deviation in the short-run arises from the CDS contracts’ imperfections and from,
eventually, some measurement errors of the bond spread due to risk-free rate inappropri-
ateness. Studying 33 private reference entities mainly from the USA, the UK, France and
Germany, belonging to more than 4 sectors, the authors subsequently suggest that the credit
risk part in the CDS spreads is upper-estimated while it is undervalued in the bond spreads
especially in Europe. Longstaff et al. (2005) investigate the same issue in an international
context represented by data on European and American firms. They explain the divergence
in corporate credit risk spreads by a non-default risk component related to bond-specific
illiquidity and macroeconomic fundamentals of the credit market. Using a panel VECM,
Zhu (2006) also finds that the theoretical parity between CDS and bond spreads is only
valid in the long-run. However, this cointegration relationship does not exist in the short-
run because of the differences in reactions to some credit conditions. The author affirms
that the liquidity premium greatly impacts the credit risk pricing while the cash market
plays a neglected role, especially in the US market from 1999 to 2002. The same conclusions
are drawn for the sovereign credit markets by Ammer and Cai (2011) using a sample of 9
emerging countries. Bai and Collin-Dufresne examine the cross-sectional determinants of
the price difference between the two contracts and explain that the more the counterparty
risk component, the risk premium and the collateral margin of the bond are important, the
more the difference measure is large. More lately, Gilchrist and Mojon (2016) investigate
credit risk measures of financial and non-financial Euro companies and find that the Global
Financial crisis has negatively impacted the borrowing cost reflected in the bond spread
of these firms, while the US doc-com bubble of 2000s has only impacted the non-financial
corporations. Authors find, as well, that the financial crisis has widened the cross-countries
price difference between the CDS and the bond spreads due to national and not euro area
credit conditions. All these cited studies point out the shortcoming of the arbitrage theory
that supposes a non-arbitrage necessary condition between the two markets.

2.3 The dynamic relation of shock transmission
Other empirical works consider this dynamic relation in the context of a shock transmission
and contagion mechanism. Different empirical approaches—controlling for endogeneity or
serial correlation—are used to assess the risk spillover across these two markets. Baba et al.
(2007) find empirically that shocks spill over from the CDS to the bond market but no
feedback transmission is found. Norden and Weber (2009) give interesting findings about
the comovement relationship between CDS, bonds and stock markets in the private sector
over a very short period of 2 years (2000–2002). Using a VAR model, these authors show
that financial shocks first affect the stock market before spreading to the CDS and the bond
markets. Besides, further evidences are displayed and reveal that, in most countries under
focus, the CDS market is more vulnerable to shocks than the bond one. The CDS market
contributes more than the bond market in the credit risk transmission channel. Forte and
Pena (2009) study the credit risk discovery process of 17 non-financial companies from North
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America and Europe and confirm that shock transmission takes place from the CDS to the
corresponding bond market. Delatte et al. (2012) study the mutual influence between the
CDS and the underlying bond market during a relatively short period, as well, spanning
from 2009 to 2010. They figure out that this interconnection is more intense during distress
period and that the non-linear risk transfer from the sovereign CDS market to the bond
market depends on the market conditions. The direction of the credit markets dynamics
gets reverse when it comes to core-European countries.

2.4 The risk-free reference rate
Because of a homogeneity issue, the majority of the above-cited studies transform the bond
yields into bond spreads regarding the risk-free rate. A large body of the literature addresses
the appropriate choice issue of the risk-neutral reference rate. Longstaff et al. (2005) and
Ismailescu and Phillips (2015) promote the use of the US treasury yield when it comes
to studying an extensive dataset of European and American corporate bonds while other
authors are more flexible and use yields of bonds issued by the lowest risky government in
the area. For instance, to construct bond spreads of the Euro area, authors use the German
federal government securities as a risk-free rate while they use the US treasury yield for
American reference entities[2] (Blanco et al., 2005; Delatte et al., 2012; Coudert and Gex,
2013; Gyntelberg et al., 2013; Costantini et al., 2014; Eichler, 2014; Fontana and Scheicher,
2016; Gilchrist and Mojon, 2016).

In the same context, Cossin et al. (2005) use the 5-year JPMorgan EMU government
investment-grade bond index as a proxy for the risk-free rate to calculate the European
corporate bond spread. Working on an assessment of the deterministic dynamics of credit
spreads in emerging countries, Delatte et al. (2012) use relatively the same reference rate
with different EMBI[3] JPMorgan index for each geographical region. Finally, Zhu (2006)
prefers the use of the zero-coupon treasury.

Another strand of the literature argues that governments are no more considered as risk-
less entities and their issued government yields cannot be a good proxy for the risk-free
rate due to tax charges, legal factors and other macroeconomics factors (Bai and Collin-
Dufresne). That’s why, the US swap rate is used as the risk-neutral rate instead of the
government bond yield (Blanco et al., 2005; Forte and Pena, 2009; Ammer and Cai, 2011;
Bai and Collin-Dufresne; Fontana and Scheicher, 2016). The swap rate seems to be an
accurate choice since derivatives traders commonly use it as a reference in their pricing
models. Yet, Hull et al. (2004) prove empirically that swap rate is more representative of
the risk-free rate than US treasuries rates. Nevertheless, the use of swap rates does not seem
relevant for European countries. Indeed, being low risky, the bonds issued by these countries
have very low yields, with negative spreads in most cases. The literature based on emerging
countries, where credit risk is quite high, proposes an alternative approach.

Since there is no certainty about the most appropriate benchmark, Norden and We-
ber (2009) use several free interest rate term structures: government bond yield curves of

[2]Calice et al. (2013) use the 5 year German bund as a risk-free rate for EU and Turkish banks and the
UK gilt rate for US banks.

[3]Emerging Market bond index.
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Deutsche Bundesbank, the Federal Reserve Board and the bank of England, the swap rate
curves denominated in USD, EUR and GBP and they include a synthetic Euro yield curve.

2.5 Econometric approaches and literature limits
Focusing on the third strand of the literature dealing with the contagion phenomenon in
financial markets in general and the risk spillover between CDS and Bond markets particu-
larly, econometric approaches can be classified into two frameworks: On the one hand, some
authors employ a Vector autoregressions framework analysis and its extended and reduced
forms (structural VAR, Vector Error Correction, Bayesian VAR, VARX. . . ) (Blanco et al.,
2005; Zhu, 2006; Baba et al., 2007; Forte and Pena, 2009; Longstaff, 2010; Ammer and Cai,
2011; Delatte et al., 2012; Coudert and Gex, 2013; Lee et al., 2015; Srivastava et al., 2016;
Fontana and Scheicher, 2016; Gilchrist and Mojon, 2016; Yu, 2017). On the other hand, other
authors propose a multivariate GARCH framework (Baek and Jun, 2011; Calice and Ioanni-
dis, 2012; Audige, 2013; Youssef and Belkacem, 2015; Buchholz and Tonzer, 2016; Tamakoshi
and Hamori, 2016). We note that the mentioned studies and many others are based on re-
search methodologies presenting some econometric issues. First, the use of different VAR
models to study the dynamics of a shock transfer in financial cross-markets is questionable
and subject to several criticisms because of insufficiency in theoretical underpinnings (Lee
et al., 2015). Yet, these models have no direct heteroskedasticity-robustness which distorts
the results of cointegration and causality. Second, most of the GARCH-type multivariate
models used to detect shock transmission does not recognize all the credit spreads specifi-
cations which leads to less relevant and significant empirical results. Third, results of the
multivariate GARCH studies are based solely on the fact that the transmission of financial
shocks from one market to another is identified by a significant increase in assets’ dynamic
correlations. However, we believe that increasing correlations is justified, in some cases, not
by a change in price transmission mechanisms within a country’s credit markets, but rather
by economic and geographical dependence or by a simple increase in prices’ volatility on
these financial markets. While the volatility of a financial market increases considerably, its
correlation with other financial markets also increases automatically. This is evident even
if the underlying relationship between these markets remains constant (Forbes and Chinn,
2004). Thus, this methodological choice seems in this case not totally relevant, at least if it
is not associated with any other methodologies or econometric techniques.

Despite the econometric issues, literature on CDS and bond markets presents some further
limits. In fact, studies of international context using worldwide samples are scarce. The
majority of the studied samples are, indeed, composed by regional countries and since we
believe that each country presents different economic and financial characteristics, these
regional findings cannot be interpreted as global evidences. Moreover, most of these studies
generally focus on the spreads’ first moment and suppose a non-informational volatility
interaction. We believe that risk spillover is rather detected using conditional volatility
rather than spread or log returns.
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3 Data and Methodology

3.1 Data description: CDS and bond spreads
This paper focuses on the analysis of the interrelationship between the sovereign CDS market
and the underlying government bond market in order to detect volatility spillover during the
period going from January 2006 until April 2014 covering the Global Financial Crisis and the
European Debt Crisis. The sample used is composed by 33 worldwide countries belonging
to four different economic status: low economic growth countries (Portugal, Ireland, Italy,
Greece and Spain), developed countries (Austria, Belgium, Denmark, Finland, France, Ger-
many, Japan, Latvia, Lithuania, Netherlands, Norway Slovakia, Slovenia, Sweden, UK, and),
newly industrialized countries (Brazil, China and Turkey) and emerging countries (Bulgaria,
Croatia, Czech, Hungary, Poland, Romania, Russia, Ukraine and Venezuela). The economic
classification of these countries is made according to the NU, the CIA World Factbook, the
IMF and the World Bank criteria, so as to have homogeneous sample in each category.

The 5-year CDS spreads and the corresponding bond yields are obtained from Bloomberg R©and
Thomson Reuters R©. For sake of homogeneity, 5-year bond yields are transformed into
spreads regarding the risk-free interest rate. In this paper, the bond spreads are constructed
by relying on the work of Norden and Weber (2009). We choose the 5-year German fed-
eral government bond as a reference rate for European countries, and the United States
sovereign bonds for American and Asian countries. In order to not reduce our sample size,
the Euro-area generic bond is used as a benchmark yield for Germany, and the US Treasury
Zero-Coupon Yield Curve for the United States.

3.2 Econometric Methodology
The econometric framework adopted in this paper includes two dependent approaches. First,
a Dynamic Conditional Correlation model is estimated within the CDS and bond markets of
each country following the AR(1)-FIEGARCH(1,1)-DCC model. Next, a Bayesian specifica-
tion of the cointegrated VAR model is applied to transformed-time series in order to analyze
credit risk transmission across markets.

The AR(1)-DCC-FIEGARCH(1,1) framework

The adopted methodology, in this first step, is inspired by the work of Sabkha et al. (2017)
who used this model to identify contagion effect among sovereign CDS markets. The FIE-
GARCH model of Bollerslev and Mikkelsen (1996) is employed in its multivariate dimension.
The accuracy of this model relies on the findings of the preliminary tests that clearly defines
the particular features of the sovereign credit markets: a volatility clustering, an asymmetric
response of volatility to positive and negative news, a leverage effect and a long-range volatil-
ity dependence. Furthermore, the use of this class of model is empirically recommended since
it allows for conditional variance flexibility and takes into account previous cross markets’
specifications (Conrad et al., 2011; Fantazzini, 2011).

Bivariate dynamic conditional correlation coefficients are estimated following the DCC
specifications as proposed by Engle (2002). For each country, time series are assumed to
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follow an AR(1) process with a t-student marginal distribution.{
x1,t = a1,0 + a1,1x1,t−1 + u1,t
x2,t = a2,0 + a2,1x2,t−1 + u2,t,

(1)

where x1,t and x2,t are respectively the CDS first-differences and the bond first-differences
at time t. For i = 1, 2, ai,0, are constant ∈ [0,∞) and |ai,1| < 1. ui,t = σi,tεi,t where
εi,t constitute weak white noises such as Et(ε2

i,t−1) = 1. σ2
i,t is positive representing the

conditional variance of xi,t such as σ2
i,t = V ar(xi,t|Ft−1) with Ft is the market information

set at a given moment t.
In its general form, the DCC model is defined as a time varying variance-covariance

structure:
Ωt = DtHtDt, (2)

Where Dt is a diagonal matrix of the conditional standard deviation obtained from the
univariate models and Ht is the 2 × 2 time-varying correlation matrix of the standardized
error terms εt (of xt) such as:

Ht = Q−1
t QtQ

−1
t , (3)

where Qt is symmetric covariance matrix that can be written as follows:

Qt = Q(1− α− β) + α(εt−1ε
′

t−1) + βQt−1, (4)

With Q is a symmetric time invariant matrix of the unconditional correlation coefficients
(ρ12) between ε1,t and ε2,t. α and β parameters are positive and respect the stationarity
constraint of α + β < 1. The bivariate dynamic conditional correlation coefficient of Engle
(2002) is, thus, defined as:

ρ12,t = q12(1− α− β) + α(ε1,t−1ε2,t−1) + βq12,t−1√
(q11(1− α− β) + αε2

11,t−1 + βq11,t−1)(q22(1− α− β) + αε2
22,t−1 + βq22,t−1)

. (5)

A prior step to the DCC estimation is to run a univariate FIEGARCH (1,d,1) model
for each of the time series in order to obtain the conditional standard deviations, σ1,t and
σ2,t. According to Bollerslev and Mikkelsen (1996), a FIEGARCH (p,d,q) model is written
as follows:

ln(σ2
t ) = ω0 + φ(L)−1(1− L)−d[1 + ψ(L)]g(εt−1). (6)

With φ(L) and ψ(L) are lag polynomials, (1 − L)−d is the financial fractional differencing
operator and g(et) is a quantization function of information flows such as g(et) = θet + γ[|
et | −E(| et |)] where γ is the leverage coefficient. When γ > 0, it means that the impact
of bad news (negative shocks) on volatility is more important than the impact of good news
(negative shocks with the same absolute magnitude), leading to an increase of the conditional
variance in a more proportional way and vise versa. The FIEGARCH (1,d,1) is automatically
well-defined and does not need any non-negativity restrictions.

Since contagion is only detected when there is a statistically significant increase in the
correlation, Kalbaska and Gatkowski (2012), Dimitriou et al. (2013) and Kenourgios and
Dimitriou (2015) propose to regress conditional correlations (ρt) on their lagged values (ρt−1)
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and dummy variables representing different crisis periods (Dk). We follow this approach and
we consider the following equation:

ρt = µ0 + a1ρt−1 + bkDk + ηt. (7)

where α0 is a constant ∈ [0,∞), ρt is the time-varying conditional correlation between the
CDS and the bond markets. k corresponds to the crisis index, it is equal to 1 when it’s about
the first financial crisis and equal to 2 when it comes to the sovereign crisis. In this paper,
we use the same length and crises’ timeline as Sabkha et al. (2017) and divide our studied
period into four sub-periods:

• From January 2006 to June 2007: a reference period;

• From July 2007 to March 2009: 1st crisis period (financial crisis);

• From November 2009 to March 2012: 2nd crisis period (Sovereign Debt crisis);

• From March 2012 to April 2014: Post-crisis period (tranquil period).

The Bayesian VECM framework

The analysis of the credit risk spillover goes through studying the lead-lag relationship
between financial assets. This dynamic relation is frequently modeled using the vector au-
toregressive (VAR). This estimation method does not explicitly consider for several financial
data properties such as endogeneity, serial correlation or non-normality. To overcome these
shortcomings in this paper, a restricted form of the VAR method is applied to transformed
time series. The transformation technique allows us to take into account the presence of
heteroscedasticity, among other features, in the spreads under investigation.

For each spread, a special treatment is applied to each time series though the following
transformation-equation: yt = xt−µt

σ2
t

. With yt is the new transformed time series, xt is the
CDS (or Bond) spread at time t, µt and σ2

t are respectively the conditional mean and the
conditional variance of the spread obtained from the estimation of the univariate FIEGARCH
model. In this way, heteroscedastic properties, asymmetric leverage effect and long-memory
behavior of CDS and bond spreads are considered in the converted-time series.

To overcome information loss due to stationary techniques, the restricted form of VAR,
as proposed by Johansen et al. (1991) considering for the non-stationarity and the cointe-
gration of macroeconomic and financial time series is employed in this paper rather than the
commonly used unrestricted VAR model of Sims (1980). The main idea of this model is to
restrain the long-run paths of explicative variables by forcing the convergence to the coin-
tegration coefficient (error correction term), while the adjustment of the short-run behavior
remains unrestricted.

∆Yt = µ+ Γβ ′
Yt−1 +

p∑
k=1

Πk∆Yt−k + at, (8)

Where Yt is a vector of N explicative variables (N = 2 in our case) at time t, Π is N× N
parameters matrix of the short-run relationship, Γ and β ′ denote matrices of receptively the
error correction terms and the the long-run coefficients µ is a deterministic component and
at represents the innovations.
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Another restrictive version of the general vector autoregressions is the Bayesian VAR
introduced by Litterman (1986). This new class of model avoids the estimation problem
of over-parameterization by proposing some restrictions in the prior distribution functions.
Initial specifications allow for calibrating the prior residual covariance matrix parameters by
controlling the prior mean and the tightness of the variance. The use of the Bayesian form
is recommended when the studied period is short and the number of observations is limited
(Cuestas, 2017).

Given that our series contain stochastic trends (random walk process)(Table 1) and show
highly significant cointegrating relationships (Results can be given upon request), and in
order to avoid over-fitting issues, the use a Bayesian Vector Error correction model com-
bining specifications of both previous restrictive models, is appropriate. This approach
concedes more reliability and efficiency to the parameters estimates with particular respect
to the long-run equilibrium. In consideration of several non-identification issues, prior elic-
itation in multivariate models is an important step. Our analysis, being based upon this
Bayesian econometrics, is relevant as it has been already used in the macroeconomic con-
text knowing that financial variables exhibit same statistical properties as macro-aggregates.
In fact, macroeconomic application shows that the Bayesian VAR with an error correction
parametrization outperforms both standard and cointegrated VAR (Félix et al., 2003; Koop
et al., 2005).

We follow the work of Amisano and Serati (1999) and give some informative prior to the
Γ and β ′ (factor loadings coefficients) matrices. Restrictions are imposed to the estimated
adjustments terms using the results of the Johansen system cointegration test[4]. The load-
ings factor matrices allow us to give more importance to the cointegrating relationships -
with no restriction in the short-run dynamics - and to define the speed of their convergence.

The interrelationship between the CDS and the bond markets can be expressed, through
the Bayesian vector autoregressions with error correction, as functions of the cointegrating
terms and their mutual lagged values:

∆y1,t = λ1et−1 +
p∑

k=1
γ1∆y1,t−k +

p∑
k=1

δ1∆y2,t−k + a1,t,

∆y2,t = λ2et−1 +
p∑

k=1
γ2∆y2,t−k +

p∑
k=1

δ2∆y1,t−k + a2,t.

(9)

with y1 and y1 represent respectively the transformed time series of the sovereign CDS and
the government bonds, λ is the adjustment coefficient of each market and et is a deviation
from the long-run equilibrium estimated from the following equation: pt = c0 + c1st + et.

After estimating the BVECM, a Granger causality (GC, hereafter) test is applied in
order to detect any contagion phenomenon between the two markets and to check for the
risk transfer direction. The main problem with the classical Granger causality test in mean, is
that it assumes conditional homoscedasticity, which distorts the results since most financial
time series exhibit autocorrelation behavior (Hong, 2001; Srivastava et al., 2016). This
problem is not encountered in our paper since we control for the ARCH-type effect by using

[4]Besides the cointegration rank, the Johansen test estimates unrestricted and normalized cointegrating
coefficients and unrestricted error correction coefficients.
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transformed data[5]. The general GC test formalization, as proposed by Granger (1969),
supposes the null hypothesis of independence between past values of y2 and the present and
future values of y1 (no bivariate causality). If y2 doesn’t Granger cause y1 in the strict sense,
then:

P [y1,t|Ft−1] = P [y1,t|(Ft−1 − yh2,t−h)], (10)
where P (yt|Ft−1) is the conditional probability distribution of the yt and Ft−1 is the infor-
mation set available at time t− 1. yht is the h-length lagged vector of the transformed time
series such as yht ≡ (yt−h, yt−h+1...yt−1). Furthermore, y2 doesn’t instantaneously Granger
cause y1 when:

P (y1,t|Ft−1) = P [y1,t|(Ft−1 + y2,t)]. (11)
When the null hypothesis is rejected (see Equation 10 and Equation 11), we can say that y2
Granger causes y1.

3.3 Synthetic portfolios’ construction
As mentioned before, our paper is not limited to country-by-country analysis, but it examines
as well the volatility spillover between CDS and bond markets of synthetic financial portfolios
constructed in concordance with the economic growth, the region and the credit rating.
Several studies exist in the literature regarding the optimal non-cash asset allocation weight
methods (Equal-weight, volatility weight, value-weight...). We are inspired by the value-
weighting technique and suppose that, whether for the CDS or the bond portfolios, each
country’s weight is defined by dividing its transaction volume (outstanding debt amount) by
the total transaction volume of the portfolio, such as:

P =
N∑
i=1

wixi (12)

Where P is the synthetic portfolio, N is the number of non-cash assets in the portfolio, xi
is the CDS (or Bond) spreads and wi = vi

vp
with vi is the country’s transaction volume on

the credit market and vp is the total transaction volume of all the countries composing the
portfolio.

The synthetic portfolios are used as proxies to reproduce the credit markets of some
areas or some economic categories. The objective of replicating portfolios in this paper is to
aggregate and study countries in the same region, with the same economic level and/or with
the same credit risk classification.

4 Empirical results

4.1 Descriptive statistics
Table 1 reports descriptive statistics of the time series for each studied country. CDS and
Bond daily spreads of different countries fluctuate from -191.85 bp to 5304.9 (Except for

[5]Other solutions exist as to take into account the heteroscedasticity. Hong (2001) proposes a specific
Granger-causality test in the mean that considers for the serial correlation and infinite unconditional variance,
while Srivastava et al. (2016) suggest resolving the problem by conducting the test on the conditional variance.
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Greece that reaches 37688 bp). Different countries’ average spreads are not at the same level
- which is explained by the heterogeneity of our sample - but are almost always positive (for
Germany, USA and Japan the average bond spread is negative). Negative credit spreads
have several explanations. First, during financial turmoil, market participants choose to
invest in government riskless assets rather than in corporate assets, which explains that
some countries (Germany among others) issue bonds with negative yields (Dolvin, 2012).
Second, Beber et al. (2009) and Bhanot and Guo (2011) interpret the negative spreads as a
temporary liquidity problem making interest rate downgrade. This phenomenon can also be
explained by a bad choice of the risk-free rate. Almost all our time series exhibit significant
excess kurtosis and positive skewness coefficients, which implies a presence of several extreme
values and a bigger fat tail than what expected from a Gaussian distribution. These results
are in line with the Jarque-Bera test that confirms the non-normality of the data distribution
at the 1% statistical level of significance. As expected, CDS and bond spreads are found to
be non-stationary according to the Augmented Dickey-Fuller’s test.

To overcome the presence of unit-roots in our time series, first-differences are estimated
for each country such as Xt = xt − xt−1 with xt is the CDS (or the Bond) spread at time t.
Figure 1 displays the plots of CDS and bond first-differences over time. It is clearly shown
that changes are stationary. CDS and bond spreads changes exhibit a relatively similar
time-varying evolution dynamics.

Preliminary tests are reported in Table 2. As in the level data analysis, spreads changes
exhibit significant skewness and excess kurtosis implying the presence of several extreme
values. The non-normality of spreads’ changes is confirmed by the Jarque-Bera test at the
1% significant level. To suit the leptokurtic properties of both series, bivariate innovations
are allowed to follow a student, a G.E.D (Generalized Error Distribution) or a skewed stu-
dent distribution. ARCH-type effects are clearly observed and heteroscedastic features are
detected. The Ljung-Box statistics show significant autocorrelations with a high order for all
countries for both mean and variance equations. Results of the GPH and the Rescaled-Range
tests on squared arithmetic returns[6] show that credit spreads exhibit long-memory behavior.
Results of these preliminary analysis justify the relevant use of the FIEGARCH(1,d,1)-DCC
model.

4.2 Empirical Findings
Results of the AR(1)-FIEGARCH(1,d,1)-DCC application to the CDS and bond spreads
changes are reported in Table 3 and Table 4. The country-by-country analysis show that the
average conditional correlation is significant in 76% of the sample and considerably fluctuates
from one country to another which underlines once again the heterogeneity of our studied
countries. The Beta coefficient is always significant and close to one (Except for Finland,
Sweden, the USA and Ukraine) which implies a great multivariate persistence between the
CDS market and the Bond market. Leverage effect is statistically significant emphasizing, as
well, the important impact of negative innovations on worldwide credit markets. Moreover,
the degree of freedom coefficient is always significant at the 1% statistic level which confirms
the results of the Jarque-Bera test. Results show that there is no misspecification in our

[6]Squared arithmetic returns are used as proxy for CDS and bond unconditional volatility.
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Table 1: Descriptive statistics of daily CDS and Bond spreads from January 2006 to April
2014
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model estimation. Figure 2 displays the dynamic conditional correlation between the credit
markets of each country, estimated by the AR(1)-FIEGARCH(1,d,1)-DCC model.

The time-varying correlations between the CDS ad the bond spreads of some constructed
portfolios are presented in Figure 3. Graphs show a dissimilarity of the evolution dynamic
of the DCCs between different portfolios, which is quite predictable given the notable dif-
ference between countries’ credit risk levels. Focusing particularly on the most meaningful
graphs of the PIIGS and the developed countries, we can clearly distinguish two correlation
regimes: Before the Global Financial Crisis, correlations were at their lowest levels. With
the occurrence of the first turmoil period in the financial markets, CDS and bond markets
are becoming more correlated. This relationship is reinforced right after the outbreak of
the European Debt crisis. The same conclusions are drawn for the time-varying countries’
average correlation in Figure 4.

The pattern of the time-varing DCC can clearly be divided into four distinct phases.
Before the first financial crisis, the level of correlations were low because of the weak de-
mand on sovereign CDS contracts. Governments were still considered as riskless entities
and international investors were not risk averse when it comes to sovereigns. By the end
of 2007, financial markets in general started to feel some tension and the correlations be-
came following an increasing trend. Some researchers and economics even argued that the
increase in the average correlation is explained by the fact that the CDS trading conditions
have worsened the crisis, impacting the credit cost. A third phase is detected after the out-
break of the European Debt Crisis characterized by a drastic increase in correlations due to
the considerable number of speculative operations on sovereign CDS. The crisis effects are
beginning to be felt and credit markets are suffering from a bullish phase because of the gov-
ernment’s creditworthiness’s decline. The consequences of the rescue operations adopted by
the International Monetary Fund - among other organizations - are reflected in the decease
of the credit markets’ interactions during the fourth phase.

Based on the regressions results of Equation 7 (see Table 5), risk spillover is significantly
detected in our studied countries. Credit risk markets in worldwide countries seem to interact
during crisis periods. A significant increase in correlations are recorded in 21% of the studied
countries during the first crisis and in 67% of the sample during the second crisis. This
suggests that the European debt crisis’s intensity and severity are more important than
in the Global Financial Crisis. In fact, many countries around the world, that present a
decoupling behavior (no significant interaction) during the credit crisis, become prone to
contagion effects during the sovereign debt crisis (Italy, Spain, Austria, Turkey...). Although
the CDS markets and the corresponding bond markets of the PIIGS countries are initially not
interconnected during the first crisis, this dynamic has changed during the sovereign crisis
where a reinforced links are observed (Except for Ireland). The same observations are made
for Newly Industrialized countries and some developed and emerging countries. Meanwhile,
whatever the period is, no contagion effects are noticed in credit markets of some countries
such as Finland, Netherlands, Norway, Slovakia, the USA, Bulgaria, Czech, Romania and
Venezuela, and this is in spite of the economic recession and financial instability of these
countries.
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Synthetic portfolios’ analysis show that the risk transmission among credit markets is
present during both crises in the PIIGS and Asian countries’ portfolios. Developed countries
and newly industrialized countries’ portfolios only exhibit spillover effects respectively during
the sovereign crisis and the Financial crisis. Results of credit ratings classification portfolios
are not conclusive.

In the second stage, and since risk spillover cannot only be detected by a significant
increase in bivariate correlation, a Bayesian cointegrated VAR approach is used to model
the interrelationship between the two credit markets. In order to capture small and extreme
contagion effects, transformed data are used - instead of in levels or first-difference spreads
- allowing to control for heteroscedasticity and serial correlation. Results of the 2 orders
BVECM are presented upon request.

Transmission of financial shocks from one credit market to another within the same
country is identified using the Granger Causality test. Table 6 reports the statistics of the
Granger Causality test for each hypothesis.

Results of the full sample period show that the CDS market Granger-Causes the bond
market in 16 (49%) countries, while the bond market only impacts the CDS market in 9
(27%) countries. Focusing on the constructed portfolio’s analysis, the CDS spreads influence
the borrowing cost only in Newly Industrialized countries, Eastern Europe and Asia. The
bidirectional spillover effect is only detected in few countries, namely Italy, Ireland, Belgium
and Romania. These results suggest that long-term equilibrium relationship between credit
markets has an impact on the risk spillover.

The same Table presents the spillover results from the CDS markets to the bond markets
and vice versa on different sub-periods. Evidences show that, during the tranquil period,
there is a risk transmission from the CDS market to the Bond market in 37% of cases while
the reverse dynamic is only valid in 27% cases. The changes in investors risk appetite during
crises made risk spillover effects occurring in further countries. There is a greater number of
Granger Causality interrelationships between credit markets during the financial crisis and
the sovereign crisis. In fact, the percentage of countries where the CDS volatility spills over
the bond market increased from 37% to 55% during the global Financial Crisis and to 61%
during the European debt crisis. The risk spillover percentage from the bond spreads to CDS
spreads is, also, accentuated during the turmoil break but does not seem to follow a logical
pattern. The bidirectional interaction degree dropped again to 33% during the post-crisis
period.

Even though countries level analysis does not seem to coincide between the AR(1)-
FIEGARCH(1,d,1)-DCC ad the BVECM, the general interpretation remains the same. Con-
tagion effects and risk spillovers are detected in sovereign credit markets with a reinforced
phenomenon during crisis periods.
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Figure 4: Average Dynamic Conditional correlation between the CDS and the corresponding
bond markets of 33 countries
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Table 5: Dynamic Conditional Correlation Regressions Over Time
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4.3 Financial and economic implications
Our results are relevant to both portfolio managers and policymakers. From the one hand,
the time-varying cross-market behavior is an accurate indicator of financial stability. We
show that after the outbreak of the Financial Global Crisis and the European Debt crisis,
credit markets exhibit contagion effects and risk spillovers between CDS market and the
corresponding bond market in a unidirectional or bidirectional depending on the country.
National policymakers should, thus, put in place regulatory economic policies for countries
presenting systemic risk. Furthermore, in some countries, crises in the bond market should
be anticipated right after the occurrence of a financial shock in the CDS market and vice
versa, if ever the shock shows up in one market and yet doesn’t show up in the other one.
Consequently, appropriate regulative solutions should be taken at the right moment to stop
the propagation of such phenomenon.

On the other hand, credit markets’ participants could, as well, take advantages of our find-
ings. They could potentially adjust their trading operations depending on the co-movement
dynamics of the CDS and the bond market. First, since credit assets’ prices are highly
correlated in some countries, portfolio managers could speculate on the predictability of the
borrowing cost by following the evolution of the CDS spreads over time. Second, our re-
sults reveal that the studied credit markets present heterogeneous characteristics that could
benefit to financial traders by investing in a diversified portfolio of worldwide countries com-
binations. Third, our findings show that the risk spillover mechanism is changing overtime
and across countries. This should be taken into consideration by credit risk managers while
elaborating their constantly evolving hedging positions. Yet, arbitrage opportunities could
be detected by focusing on whether the country is prone to contagion phenomena or not.

5 Conclusion
This paper gives further evidences of risk spillover on credit markets in an international
context. The time-varying interactions between the Sovereign CDS markets and the corre-
sponding government bond markets of 33 worldwide countries are studied using both AR(1)-
FIEGARCH(1,d,1)-DCC and Bayesian VECM frameworks. The first approach allows us to
define countries that are prone to contagion effects during crisis periods and to estimate the
conditional means and volatility used to treat the heteroscedastic properties of our data. The
transformed data are used to model a dynamic financial system, in the second approach, so
we can quantify and ascertain the direction of the credit risk spillover.

Our findings reveal that some of the studied countries are prone to contagion phenomenon
with a significant fluctuation of the dynamic conditional correlation in 21% (67%) of the
credit markets during the financial (sovereign) crisis. Contagion effects are, thus, occurring
in more countries during the second crisis period which implies that the European Debt
crisis’s intensity and severity are more important than in the Global Financial Crisis. Results
at the aggregate geographical area level confirm that only Asian countries are hit by waves
of contagion between credit markets during both crises while South America and Western
Europe are only subjects to credit contagion respectively during the second crisis and the
first crisis.
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The directions of the risk spillovers, as given by the second approach, are changing over
time and across countries. The CDS market seems to incite crises transmission more that
the bond market since 16 financial shock transmissions are detected from the CDS markets
versus 9 to the CDS markets. Sub-period analysis affirms, once again, that crises increase
the percentage of co-movements between credit markets and that the Sovereign Debt Crisis
is more intense and affects more countries all over the world than the Financial Crisis.

The results of both econometric approaches show, globally, that worldwide countries
exhibit different credit markets characteristics and present some reactions’ divergences to
crises. The findings highlight the importance of putting in place different economic and
regulatory policies depending on country characteristics to control for credit risk propagation.
A particular focus should be given by policymakers to credit markets’ dynamic comovements
during crisis periods. Markets’ participants are also concerned by our findings so they can
anticipate financial turmoil and appropriately balance risk against profitability in investment
mix.
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