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Using an error correction model, we document strong evidence of Granger causality in mean
from the S&P option market to the sovereign CDS market in 98% of the 56 sovereigns we inves-
tigate. Tests under conditional heteroskedasticity provide further evidence of the risk spillover
effect from the S&P index option market to the CDS market in mean, variance, and value-at-
risk. The strong spillover effect during the recent financial crisis implies that global shocks
first affect the S&P option market and then spill over to the sovereign CDS market. We demon-
strate that our results are quite robust.
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1. Introduction

The role of sovereign debt in the recent financial crisis has placed sovereign credit default swaps (CDS) in the limelight. As the
sovereign debt market rapidly increases in size, the importance of sovereign credit risk and factors that explain it are receiving
more attention (see Gande & Parsley, 2005; Remolona, Scatigna, & Wu, 2008; Hilscher & Nosbusch, 2010; Longstaff, Pan,
Pedersen, & Singleton, 2011). In particular, the contagion effect created by a financial crisis can have a severe impact on sovereign
credit risk and lead to global risk spillover (Longstaff, 2010).1

In the recent literature, Pan and Singleton (2008) and Longstaff et al. (2011) document that besides the country-specific com-
ponent, the sovereign CDS spreads contain another component that is attributed to global risk. Rapach, Strauss, and Zhou (2013)
find that the US stock market leads the rest of the world in reflecting market information. Our research question arises from a
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combination of these two findings; that is, while the entire CDS market may be affected by a global shock, is there a leading mar-
ket, such as the S&P index option market, that reflects new information quickly facilitating price discovery in the CDS market? Our
study hypothesises that new information from the global shock affects the S&P index option market before spilling over to the
global CDS market. If this hypothesis is true, then we should find a significant causal relationship between the S&P index option
market and the sovereign CDS market. The reasoning behind our intuition stems from the liquidity of the S&P index option
market2 together with evidence of informed trading in the option market that can be used to predict future stock market returns.3

This is consistent with the view that information about future risk is reflected in the S&P index option market first and then spills
over to other less liquid markets, such as the sovereign CDS market. Our paper documents strong evidence to support this
postulate.

The Granger causality approach is used to test the above hypothesis using the Chicago Board Options Exchange Market
Volatility Index (VIX) as a proxy for the information from the leading global market and the sovereign CDS spread as a measure
of the sovereign credit risk. There are two main reasons for selecting VIX. First, VIX reflects global information. It is considered a
key indicator of global investor sentiment and perception of volatility, and regarded as a “gauge of fear” by international market
analysts (Remolona et al., 2008; Whaley, 2009). VIX is also used in Longstaff et al. (2011) to calculate the global risk premium.
Second, it is calculated from S&P index option prices which contain information about the investors' expectation of US stock mar-
ket risk in the near future.

In this paper, we provide a comprehensive study of the Granger causal relationship between VIX, sovereign bond yield (BYD),
currency exchange rates (CUR), and the sovereign CDS spreads of 56 countries over the period 2001–2010. We use an error cor-
rection model (ECM) to test the Granger causality in mean between VIX, CDS spreads, BYD, and CUR for each country. BYD and
CUR are used as control variables. We also employ the Hong (2001) and Hong, Liu, and Wang (2009) tests of Granger causality in
mean, variance, and downside risk to investigate the Granger causality between changes in sovereign CDS spread, VIX, BYD, and
CUR. These new tests complement the classical tests of Granger causality in mean by considering Granger causality in higher mo-
ments, for variance and value-at-risk (VaR), under conditional heteroskedasticity. The test results confirm the presence of a sig-
nificant spillover effect from the S&P index option market to the sovereign CDS market in mean, variance, and VaR. The ECM
model is also used for out-of-sample predictions of the sovereign CDS spread using VIX, especially during the subprime financial
crisis period.4 We also run the tests for three sub-periods, namely the pre-, during-, and post-subprime crisis periods. The results
suggest a much stronger spillover effect during the recent financial crisis period, implying the existence of a contagion effect. We
further decompose the VIX into the physical expected volatility and the variance risk premium and find that both components are
useful in predicting the sovereign CDS spreads.5

Our paper contributes to the literature in several ways. First, most of the existing literature focusses on contemporaneous
cause and effect or correlation-based relationships between CDS spreads and related variables.6 Another strand of literature
focusses on the causal relationship in mean using Granger (1969)-type VAR regressions or ECMs. The contemporaneous relationship
is important tomeasure the effect of change in onemarket on another, while the causal relationship in variance and VaR are useful for
testing the spillover or contagion effect of small risks and extreme downside risks, respectively, from one market to another. It is not
possible to test such a distinction of spillover effects at different risk levels with sufficient accuracy using contemporary relationships
or classical Granger causality tests. Since themain purpose of this study is to investigate the spillover effect between CDS and S&P 500
option markets, Granger causality tests in mean only may not capture such market risk co-movements. Therefore, we extend our
analysis to causality tests in higher order moments, for variance and VaR, proposed by Hong (2001) and Hong et al. (2009). These
tests introduce a new concept of Granger causality in risk – investigating small and extreme downside risk spillover effects – not
previously addressed in the literature. Compared with alternative approaches, these tests are more powerful because they consider
many possible spillover effects occurring at different lags of the time series. Such a comprehensive causal study is sparse in the liter-
ature. Several authors have pointed out the importance of using higher order Granger causality tests to investigate contagion effects
betweenmarkets, as opposed to conventional correlation-based approaches. For example, Bekaert, Harvey, and Ng (2005) document
that an increased correlation does not imply contagion. Forbes and Rigobon (2002) show that even a heteroskedasticity-adjusted cor-
relation test finds little evidence of a contagion effect during a major financial crisis period. Furthermore, Longin and Solnik (2001)
document that correlation is not related to market volatility per se and correlation could increase during bear markets, but not in
bull markets.

Second, Blanco, Brennan, andMarsh (2005), Zhu (2006), Norden andWeber (2009), and Ammer and Cai (2011) test the lead–lag
relationship in mean between the CDS spreads and the bond yield using an ECM, while our study focuses on the lead-lag relationship
2 According to the 2012 annual market statistics for the CBOE, the S&P index option is the most actively traded cash index option.
3 For example, Anthony (1988) finds that options lead stocks. Sheikh and Ronn (1994) find the existence of information-based trading in options. Easley, O'Hara, and

Srinivas (1998) develop amicrostructuremodel and show that option trading volumes contain information about future stockprices. Hu (2013) shows that option trad-
ing conveys stock price information.

4 There are twomain reasons for running the out-of-sample test. First, a lot of literature on predictability shows the difference of in-sample results and out-of-sample
results (see Bossaerts & Hillion, 1999; Goyal &Welch, 2003; Campbell & Thompson, 2008). In-sample significant results do not necessarily guarantee the significance of
out-of-sample results. Second, the out-of-sample forecast is practically more appealing.

5 The recent literature shows that variance risk premium is an important predictor of financial market returns. See Bollerslev, Marrone, Xu, and Zhou (2014);Wang,
Zhou, and Zhou (2013).

6 See for example, Duffie, Pedersen, and Singleton (2003), Carr andWu (2007), Remolona et al. (2008), Pan and Singleton (2008), Hilscher and Nosbusch (2010) and
Longstaff et al. (2011).
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between VIX and the sovereign CDS spread using bond yield and currency as control variables. Third, we use both the ECM approach
and the approaches proposed in Hong (2001) and Hong et al. (2009) to execute a comprehensive investigation of the Granger
causality effect. That is, we run an ECM to test the Granger causality in mean between sovereign CDS and VIX, and we then employ
Hong (2001) and Hong et al. (2009) to test the Granger causality in mean, variance, and VaR. These new tests are capable of investi-
gating causal relationships of higher order moments, such as variance and VaR, that a conventional ECM cannot handle. In addition,
we use a comprehensive sample of 56 countries with data spanning from 2001 to 2010, which is substantial compared with the sam-
ples used in other studies. For example, Carr and Wu (2007) use a sample of two countries from January 2002 to March 2005 and
show that CDS spreads covary with currency option volatility. Norden and Weber (2009) use the data of 58 individual firms
over the period 2000 to 2002 to investigate the lead–lag relationship between CDS, bond, and stock markets using a VAR
model. Remolona et al. (2008) use a sample of 24 emerging markets from February 2002 to May 2006 to investigate how the
investor's risk aversion, proxied by VIX, affects the CDS spreads. They use a dynamic panel regression model. Longstaff et al.
(2011) use a regression model with a sample of 26 developed and less developed countries during the period 2000 to 2010 to
find that sovereign credit risk is drivenmore by global factors, such as US stock and high-yield markets and a volatility risk premium
embedded in the VIX index. Our dataset includes all the G20 countries (except Canada) and the most risky sovereign credits (CMA,
2012), and it also covers the recent financial crisis period, which enables us to study the sensitivity of the spillover effect due to
extreme market conditions.

Our study is also relevant to investors from several different perspectives. First, the existence of a spillover effect from the S&P
index option market to the CDS market suggests that the S&P index option market is a leading market that affects the CDS market.
Second, evidence of a spillover effect from changes in VIX to changes in sovereign CDS spreads indicates that liquidity is an important
factor for price efficiency. That is, a more liquid market tends to reflect the information more quickly and be more efficient. Third,
evidence of a spillover effect suggests that past changes in VIX may improve the predictability of future changes in sovereign CDS
spreads.

The remainder of the paper is organized as follows. Section 2 discusses the empirical methodology. Section 3 is devoted to a
description of the variable selection and the data. Section 4 reports the empirical results. Section 5 summarizes the main findings
and concludes the paper.

2. Empirical methodology

This section explains the models that will be used in Section 4. These models include Granger causality in mean using an ECM;
Granger causality in mean, variance, and downside risk using tests developed by Hong (2001) and Hong et al. (2009); and the
out-of-sample models used to forecast the sovereign CDS spreads using VIX as a global market factor and BYD and CUR to control
for local factors.

2.1. Granger causality in mean using ECM

A cointegration-based ECM is used to investigate the Granger causality effects in mean of VIX, CUR, and BYD on the CDS mar-
ket. VIX measures global risk, while CUR and BYD proxy for local factors. Since global risk may also affect CUR and BYD, we first
run separate regressions of CUR and BYD on VIX and extract the residuals (RCUR and RBYD, respectively). Then, RCUR and RBYD
are used in the ECM instead of CUR and BYD. By using residuals in this manner, we are able to clean the impact of global factors
on CUR and BYD.7 In order to formulate the ECM, each of the financial time series, CDS, VIX, RCUR, and RBYD, are first tested for
the existence of a unit root using the Dickey and Fuller (1979, 1981) test.8 Then, we use the following two-stage estimator (see
Engle & Granger, 1987) to estimate the ECM, assuming that there exists a single cointegration vector.

First, we use OLS to estimate the three level regressions in Eq. (1) corresponding to each variable, VIX, RBYD, and RCUR,
respectively.
7 We
8 The
CDSt ¼ θ0 þ θ1 Vt þ ξt ;Vt ≡ VIXt ;RBYDt ;RCURt ð1Þ
Using the residuals, ξ̂t extracted from Eq. (1), we test for cointegration relationships between the pairs (CDS, VIX), (CDS,
RBYD), and (CDS, RCUR) following the Dickey–Fuller regression,
Δ ξ̂t ¼ ψ� ξ̂t−1 þ
Xp
i¼1

ϕi Δξ̂t−i þ υt : ð2Þ
Since we have added a constant term in Eq. (1), we assume zero mean in Eq. (2). Furthermore, according to Hansen (1992),
adding a trend term in Eq. (2) results in a loss of power of the Dickey and Fuller test, and therefore we exclude the trend term in
Eq. (2). The best lag structure (p) in Eq. (2) is determined using the AIC criterion. For the countries that exhibit a cointegration
also used CUR and BYD instead of RCUR and RBYD in the analysis and found that the results are quite similar. They are available upon request.
results show that all series are integrated of order 1, that is, I(1). We also used the Phillips and Perron (1988) test and found the results are similar.
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relationship,9 we estimate the ECM in Eq. (3) to examine three types of Granger causality effects in mean of VIX, RBYD, and RCUR
on the change in CDS spreads of each country10:
9 Acc
10 We
11 For
spillove
ΔCDSt ¼ þδtþ
X5

i ¼1
βiΔCDSt−i þ

X5
i ¼1

γiΔ
t−i

þ λξ̂t−i þ εt ; ð3Þ
where ξ̂t−1 ¼ CDSt−1−θ̂1Vt−1,Vt−1≡VIXt−1 ,RBYDt−1 ,RCURt−1, and λ is the error correction term. The ECM regression in Eq. (3) is
fitted for each variable by replacing Vt−1 in Eq. (3) with VIXt−1, RBYDt−1 and RCURt−1, respectively. We then carry out the fol-
lowing three tests, each of which tests the null hypothesis of no Granger causality in mean:

Type 1 Granger causality test: H0:λ=0
Type 2 Granger causality test: H0:γ1=γ2=γ3=γ4=γ5=0
Type 3 Granger causality test: H0:γ1=γ2=γ3=γ4=γ5=λ=0.

The type 1 test examines the causality from the long-term equilibrium relationship. The type 2 test looks at the causality due
to the recent changes, and the type 3 test is a joint check for causality from both the equilibrium relationship and the recent
changes. To better understand the nature of the Granger causality relationship between the CDS spread and the VIX, we extend
the ECM in Eq. (3) by controlling for the lagged effects of changes in country-specific local factors, such as RBYD and RCUR. That
is, we fit
ΔCDSt ¼ α þ δtþ
X5
i¼1

βiΔCDSt−i þ
X5
i¼1

γiΔVIXt−i þ
X5
i¼1

ϕiΔRBYDt−i þ
X5
i¼1

ψiΔRCURt−i þ λ ξ̂t−1 þ ηt ð4Þ
and repeat the same Granger causality tests in mean above using Eq. (4).

2.2. Granger causality in mean, variance, and downside risk

A classical Granger causality test, such as ECM, assumes conditional homoscedasticity, which may not be valid in most financial
time series. Moreover, it tests the Granger causality effect in the conditional mean, which may not always capture small and
extreme downside risk spillover effects between markets. Since the sovereign CDS is directly traded in the over-the-counter market,
and there are VIX derivatives such as VIX futures and VIX options that use VIX as the underlying asset, it is also important to test the
causal relationship of higher ordermoments, such as variance and VaR, between VIX and CDS spreads for riskmanagement purposes.
By employing Hong (2001) and Hong et al. (2009) tests of Granger causality in higher order moments, assuming conditional
heteroskedasticity, our results are more robust compared with ECM results. Our analysis examines the unidirectional and bidi-
rectional Granger causality in mean, variance, and downside risk of changes in BYD, CUR, and VIX on the sovereign CDS. The tests
provide statistically more powerful evidence of small and extreme downside risk spillover effects between the S&P index option
market and the sovereign CDS market.11

Hong (2001) proposes a general Granger causality test in mean that accounts for conditional heteroskedasticity and infinite
unconditional variances. Following Granger (1969) and Granger (1980); Hong (2001) consider two stationary time series, { Y1t,Y2t },
such as { ΔCDSt, ΔVIXt }, and let It=( I1t , I2t) be the corresponding information set. Then, Y2t is defined to be Granger-causing Y1t
given It−1 if P(Y1t | I1t−1)≠P(Y1t | It−1). That is, this type of Granger causality test asks whether the past information on the
movement of one market has the predictive ability for the future occurrence of similar movements in another market as
opposed to the conventional cause-effect or co-movement type of tests onwhichmost of the existing literature has focussed. A less gen-
eral but more applicable definition of Granger causality in mean used in the Hong (2001) test is E( Y1t | I1t−1)≠E(Y1t | It−1).Using

centred standardized residuals, ût ¼ ε̂1t=ĥ
1=2
1t −1, and v̂t ¼ ε̂2t=ĥ

1=2
2t −1, where ε̂1t and ε̂2t are extracted from univariate AR-

GARCH(p,q) processes corresponding to the two time series, Hong (2001) suggests the following two test statistics, Q1 and Q2, to
test the unidirectional and bidirectional Granger causality in mean between the two series:
Q1 ¼ T
XT−1

j¼1
k
2
j=Mð Þ ρ̂2

uv jð Þ−C1T

h i
= 2 D1T½ �1=2 ð5Þ
Q2 ¼ T
XT−1

j¼1−T
k
2
j=Mð Þ ρ̂2

uv jð Þ−C2T

h i
= 2 D2T½ �1=2: ð6Þ
ording to Granger (1988), if two time series are both I(1) and are cointegrated, then there exists an ECM.
consider the lag order up to 5. We also tried other lag orders and found similar results.
example, Granger causality in variance provides evidence of small risk spillover, while Granger causality in VaR provides evidence of extreme downside risk
r. This distinction of spillover effects is another great advantage of using Hong's tests.
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Here, M is the lag function number under some specifications of the kernel function, k(.) that assigns weights to the cross-
correlation coefficients, ρ̂uvð jÞ. Both Q1and Q2 are N(0,1) under the null hypothesis of no Granger causality in mean. We apply
the Hong (2001) test for the pairs {ΔCDSt ,ΔVIXt} to test for their Granger causality effect in mean.12 See Appendix A for details
of the test proposed in Hong (2001).

Information on the volatility spillover effect between financial markets is of vital interest to investors when hedging their
investments against uncertainty (see Engle, Ito, & Lin, 1990; Hong et al., 2009; Baele, 2005). Evidence of volatility spillover implies
that a market shock not only increases the volatility of its own assets, but also increases the volatility in other assets and other
markets globally. Roll (1988) shows that the 1987 US stock market crash affected 19 out of 23 stock markets tested around
the world. Causation in mean only is not sufficient to fully understand the nature of the spillover between two series, especially
within financial time series such as VIX, BYD, CUR, and CDS spreads. We need to investigate the Granger causality effect due to
higher order moments, such as variance and VaR, as well.

We use Hong's (2001) test to identify the Granger causality in variance between the CDS and VIX. Granger causality in vari-
ance is defined as var(Y1t | I1t−1)≠var(Y1t | It−1), and tests for risk spillover effects between markets. Hong's (2001) test for Granger
causality in variance, considers the squares of the centred standard residuals, ût ¼ ε̂21t=ĥ1t−1, v̂t ¼ ε̂22t=ĥ2t−1. Hong (2001) shows
that similar asymptotic theories that apply to the mean can also be applied to the Granger causality test of variance as well. As a
result, this test calculates the test statistics, Q1 and Q2, under the null hypothesis of no Granger causality in variance using a sim-
ilar approach.

Extreme downside market risk plays a pivotal role in financial risk management and portfolio selection. This topic has re-
ceived increased attention from practitioners, portfolio managers, and academic researchers. Among various downside risk
measures developed over the years, such as semi-variance and lower partial moment, the most commonly used is the VaR
(see Duffie & Pan, 1997). VaR is used as a measure of extreme market risk in the test by Hong et al. (2009). Extreme market
risk movements that occur occasionally in financial markets cannot be captured successfully by testing only for a volatility spill-
over effect, implying the necessity for an alternative test, such as VaR, to identify extreme downside risk spillover effect due to
extreme losses.

We use the test devised by Hong et al. (2009) to identify the Granger causality in extreme downside risk between changes
of CDS and VIX, CUR, and BYD, respectively. Hong et al. (2009) propose a class of kernel-based tests to detect extreme down-
side risk (measured by VaR) spillover between financial markets. The proposed tests have a convenient asymptotic standard
normal distribution under the null hypothesis of no Granger causality in VaR. VaR is defined as P ( Ytb−Vt | It )=α, where
α is the pre-specified probability parameter. For example, Vt is the 95% VaR when α = 5%. Let Zt be an indicating series that
is defined as Zit= I ( Yitb−Vit ) , i=1,2. Using the indicator function, the Granger causality in VaR could be defined as
E ( Zit | Iit−1 )≠E ( Zit | It−1 ). Using the sample cross-correlation function between the two indicating series, Hong et al.
(2009) propose a test statistic similar to Q1 in Eq. (5) to test the unidirectional Granger causality in VaR, and a statistic sim-
ilar to Q 2 in Eq. (6) to test bidirectional Granger causality. Under regular conditions, both Q1 and Q 2 follow an asymptotic
standard normal distribution. See Appendix B for details of the test proposed in Hong et al. (2009).

In this study, we model the ΔCDS and ΔVIX by AR(5)-GARCH(1,1), and use the residuals extracted from these regressions
for the Hong (2001) and Hong et al. (2009) tests. The ARmodel is used to filter out any impact on the series by its own historical
information, and, as a result, Granger causality can only come from the other explanatory factors in the model.
2.3. Out-of-sample prediction of sovereign CDS spreads

Our results show that the sovereign CDS spreads are Granger-caused in mean, variance, and VaR by the VIX, confirming
that there exists a spillover from the option market to the sovereign CDS market. If this spillover is robust out-of-sample,
we could expect the information content of the VIX to improve the out-of-sample forecast of sovereign CDS spreads. We
use models (3) and (4) to forecast CDS spreads out-of-sample. We then compare the forecasted and observed CDS spreads.

The out-of-sample forecasts of CDS spreads are computed as follows. Suppose we have n daily data points in the sample and
out-of-sample forecasts begin at t + 1, where t b n. We use the data up to time t to estimate models (3) and (4). The estimated
parameters from the two models together with the information at time t are then used to forecast the expected change of
sovereign CDS at time t + 1 (i.e., dΔCDStþ1). The forecasted CDS spread at time t + 1 is computed as CDSt þ Δ dCDStþ1, where
CDSt is the observed CDS spread at time t. Similarly at time t + 1, we use all the data up to time t + 1 to re-estimate models
(3) and (4) and re-calculate the forecasted change in the CDS spread for time t + 2, and so on. The process stops when n - t fore-
casted values are computed.

We compare the forecasted CDS spreads from the two models with the observed CDS spreads to determine the accuracy of
the predictions by the two models out-of-sample. The root mean square error (RMSE) is computed to measure the accuracy of
the out-of-sample predictions for the entire forecast period (RMSE3W, RMSE4W) and the financial crisis period (RMSE3R,
RMSE4R), respectively.
12 We also run the test for {ΔCDSt ,ΔBYDt}and{ΔCDSt ,ΔCURt}, but do not report their results. We summarize the main results in footnote 16. The detailed results are
available upon request.



Table 1
The sample of countries considered in the study. This table reports the list of countries and the corresponding dates forwhich the daily five-year sovereign credit default
swap (CDS), daily foreign currency value quoted in US dollars, daily volatility index (VIX), and daily five-year sovereign bond yield data (if available) are used in the
study.

Country ID Sample dates Country ID Sample dates

Argentina 1 January 5, 2001–September 30, 2010 Lebanon 29 October 18, 2006–September 30, 2010
Australia 2 January 2, 2001–September 30, 2010 Lithuania 30 June 6, 2005–September 30, 2010
Austria 3 January 6, 2004–September 30, 2010 Malaysia 31 January 1, 2004–September 30, 2010
Bahrain 4 June 2, 2008–September 30, 2010 Mexico 32 October 15, 2001–September 30, 2010
Belgium 5 January 5, 2004–September 30, 2010 Morocco 33 January 1, 2003–September 30, 2010
Brazil 6 January 1, 2004–September 30, 2010 Netherlands 34 September 7, 2005–September 30, 2010
Bulgaria 7 October 24, 2000–September 30, 2010 New Zealand 35 April 24, 2006–September 30, 2010
Chile 8 January 1, 2004–September 30, 2010 Norway 36 August 11, 2003–September 30, 2010
China 9 January 1, 2004–September 30, 2010 Pakistan 37 October 12, 2004–September 30, 2010
Colombia 10 January 1, 2004–September 30, 2010 Peru 38 April 22, 2004–September 30, 2010
Croatia 11 January 6, 2004–September 30, 2010 Philippines 39 January 21, 2004–September 30, 2010
Czechoslovakia 12 January 6, 2004–September 30, 2010 Poland 40 January 1, 2004–September 30, 2010
Denmark 13 November 1, 2004–September 30, 2010 Portugal 41 January 26, 2004–September 30, 2010
Egypt 14 October 25, 2006–September 30, 2010 Romania 42 January 1, 2004–September 30, 2010
Finland 15 May 4, 2008–September 30, 2010 Russia 43 June 15, 2004–September 30, 2010
France 16 March 31, 2003–September 30, 2010 Saudi Arabia 44 July 2, 2008–September 30, 2010
Germany 17 January 8, 2004–September 30, 2010 South Africa 45 January 1, 2004–September 30, 2010
Greece 18 January 9, 2004–September 30, 2010 South Korea 46 January 5, 2004–September 30, 2010
Hong Kong 19 October 15, 2004–September 30, 2010 Spain 47 January 21, 2004–September 30, 2010
Hungary 20 January 1, 2004–September 30, 2010 Sweden 48 January 21, 2004–September 30, 2010
Iceland 21 January 6, 2004–September 30, 2010 Switzerland 49 January 16, 2009–September 30, 2010
India 22 January 1, 2003–September 30, 2010 Thailand 50 January 1, 2004–September 30, 2010
Indonesia 23 October 5, 2004–September 30, 2010 Turkey 51 May 17, 2004–September 30, 2010
Ireland 24 August 11, 2003–September 30, 2010 UK 52 November 13, 2007–September 30, 2010
Israel 25 May 11, 2004–September 30, 2010 Ukraine 53 August 19, 2004–September 30, 2010
Italy 26 January 20, 2004–September 30, 2010 US 54 December 11, 2007–September 30, 2010
Japan 27 January 1, 2004–September 30, 2010 Venezuela 55 May 10, 2004–September 30, 2010
Kazakhstan 28 November 12, 2004–September 30, 2010 Vietnam 56 May 9, 2006–September 30, 2010
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3. Data and variable selection

This study uses daily data for 56 countries covering the period from October 15, 2001 to September 30, 2010. Our sample
includes countries from Western Europe, the Middle East, North Africa, Oceania, and Asia. The sample includes all the G20
major economies (except Canada, for which we could not find data) and the most risky sovereign credits, such as Greece,
Argentina, Portugal, Pakistan, Venezuela, Ukraine, Ireland, Spain, and Egypt, according to the CMA Global Sovereign Credit Risk
Report, 2012. Sample details are reported in Table 1. Unlike previous studies, our sample also covers the subprime mortgage crisis
(2007–2009) period, and it is more comprehensive.

The daily data include the five-year US dollar–denominated sovereign CDS spreads (in basis points), the sovereign currency
exchange rate in terms of the US dollar (CUR), five-year sovereign bond yield (BYD), and the volatility index (VIX). The data
are sourced from DataStream and Bloomberg. Most sovereign CDS contracts have maturities of one, five, or 10 years. Our study
uses five-year CDS contracts, which is the most common maturity in our sample. Daily data for the MSCI and S&P 500 indexes
used in robustness tests are also sourced from DataStream.

Table 2 reports the summary statistics of the data, including the sample mean and number of observations for each variable.
The BYD data are available for 41 of the 56 countries. For those countries with no BYD data, only CUR is used as the local factor
measure.13 Table 2 shows that more risky countries tend to have a higher sovereign CDS spread level and a higher BYD level com-
pared with other countries. In our sample, Argentina has the highest level of sovereign CDS spread, while Brazil has the highest
level of BYD. Fig. 1 is a graph of the time series for the aggregate CDS index against the VIX index level from 2001 to 2010.14 A
brief scan of the figure indicates that both series seem to behave in a similar way. There is a marked increase in the CDS series
during the 2008–2009 period due to uncertainty caused by the subprime mortgage crisis. In particular, Fig. 1 indicates that shocks
are first absorbed by the more liquid options market as conveyed by the VIX, which is then transmitted to the CDS market,
supporting our main postulate. The reaction and transfer of information between these two markets can be seen in Fig. 1, espe-
cially during mid-2002 and September 2008.
13 Please note that due to different quoted numbers of currency used in the exchange rate, themean exchange rate in Table 2 does not necessarilymean the amount of
currency exchanged for 1 US dollar. For example, for Japan the quoted number of the exchange rate is 100. The mean exchange rate 0.952 means 1 US dollar is ex-
changed for 95.2 JPY on average during the sample period.
14 The CDS index is constructed using data from October 15, 2001 to September 30, 2010. The index has an initial value of 418.75, which is the average of the CDS for
Mexico and Bulgaria that have the available data. The index adjusts up and down by the average value of the change in the CDS for each country for which data are
available each day.



Table 2
Summary statistics for each of the 56 countries in the sample. This table reports the summary statistics of daily five-year sovereign credit default swap (CDS), volatility
index (VIX), five-year sovereign bond yield (BYD), and the value of each country's currency in US dollars (CUR). BYD was not available (NA) for Argentina, Bahrain,
Bulgaria, Chile, Egypt, Iceland, Israel, Kazakhstan, Lebanon, Lithuania, Morocco, Russia, Saudi Arabia, Ukraine, and Venezuela. Mean is the sample mean of these vari-
ables, and n is the number of observations in each country.

ID CDS VIX BYD CUR ID CDS VIX BYD CUR

Mean
(bps)

n Mean
(%)

n Mean
(%)

n Mean
(US$)

n Mean
(bps)

n Mean
(%)

n Mean
(%)

n Mean
(US$)

n

1 755.715 1759 20.800 1759 NA NA 0.312 1759 29 396.534 816 25.584 816 NA NA 0.001 816
2 29.372 2021 20.946 2021 5.410 2021 0.783 2021 30 177.682 1389 22.397 1389 NA NA 0.390 1389
3 30.919 1758 20.801 1758 3.371 1758 1.329 1758 31 70.031 1761 20.796 1761 3.737 1761 0.282 1761
4 264.963 591 31.142 591 NA NA 2.653 591 32 141.870 2233 21.607 2233 8.460 2233 0.090 2233
5 26.595 1759 20.799 1759 3.374 1759 1.329 1759 33 146.101 2022 20.949 2022 NA NA 0.117 2022
6 235.220 1761 20.796 1761 11.028 880 0.476 1761 34 23.629 1322 22.921 1322 3.326 1322 1.354 1322
7 207.946 2531 22.114 2531 NA NA 0.625 2531 35 37.461 1159 24.408 1159 5.815 1159 0.690 1159
8 58.786 1761 20.796 1761 NA NA 0.184 1761 36 11.683 1864 20.642 1864 3.776 1864 0.161 1864
9 53.479 1761 20.796 1761 2.992 1386 0.133 1761 37 750.935 1558 21.420 1558 10.760 1558 1.488 1558
10 229.547 1761 20.796 1761 7.432 235 0.046 1761 38 186.581 1681 21.001 1681 5.655 783 0.322 1681
11 122.862 1758 20.801 1758 5.449 551 0.133 1758 39 272.158 1747 20.830 1747 8.331 1747 0.020 1747
12 45.610 1758 20.801 1758 3.608 1758 0.048 1758 40 67.525 1761 20.796 1761 5.741 1761 0.335 1761
13 45.190 598 28.989 598 2.987 598 0.182 598 41 50.173 1744 20.841 1744 3.611 1744 1.330 1744
14 239.763 1027 25.753 1027 NA NA 0.130 1027 42 167.658 1761 20.796 1761 5.048 842 0.000 1761
15 31.262 622 30.601 622 2.847 622 1.383 622 43 173.723 1643 21.099 1643 NA NA 0.036 1643
16 17.003 1849 20.754 1849 3.257 1849 1.309 1849 44 122.189 587 31.193 587 NA NA 0.267 587
17 13.729 1756 20.806 1756 3.200 1756 1.329 1756 45 125.200 1761 20.796 1761 9.017 1761 0.140 1761
18 111.983 1755 20.809 1755 4.376 1755 1.329 1755 46 85.168 1759 20.799 1759 4.814 1759 10.394 1759
19 34.871 1555 21.431 1555 2.992 1555 0.129 1555 47 52.979 1417 22.229 1417 3.518 1417 1.346 1417
20 124.525 1761 20.796 1761 8.006 1761 0.513 1761 48 20.597 1524 21.089 1524 3.246 1524 0.138 1524
21 209.718 1758 20.801 1758 NA NA 1.278 1758 49 62.327 445 27.772 445 1.150 445 0.931 445
22 143.919 2022 20.949 2022 6.815 2022 0.022 2022 50 80.700 1761 20.796 1761 3.888 1761 0.021 1761
23 250.073 1563 21.397 1563 10.553 1563 0.000 1563 51 248.104 1664 21.043 1664 6.095 1664 0.713 1664
24 63.651 1864 20.642 1864 3.614 1864 1.320 1864 52 60.109 753 29.458 753 3.244 753 1.680 753
25 71.990 1668 21.037 1668 NA NA 0.245 1668 53 661.402 1547 21.215 1547 NA NA 0.176 1547
26 47.949 1748 20.827 1748 3.518 1748 1.329 1748 54 33.943 733 29.591 733 2.399 733 1.000 733
27 24.475 1761 20.796 1761 0.852 1761 0.952 1761 55 703.769 1669 21.036 1669 NA NA 0.001 1669
28 234.833 1382 22.209 1382 NA NA 0.008 1759 56 213.762 1076 24.359 1076 10.158 1038 0.000 1076

377S. Srivastava et al. / International Review of Economics and Finance 41 (2016) 371–390
4. Empirical results

4.1. Granger causality in mean by ECM

The cointegration test results using the Dickey and Fuller (1979, 1981) test in Table 3 show that the cointegration between
CDS spread and VIX is highly significant for all the countries except five (i.e., 91% of the sample).15 CDS is cointegrated with
RBYD for 35 countries out of the 41 that have the available BYD data (i.e., 85% of the countries) and cointegrated with RCUR
for 43 countries out of 56 countries (i.e., 77%). The results suggest that there is a very strong long-term equilibrium relationship
between CDS spread and VIX, which is more evident compared with the local factors RBYD and RCUR.

For those countries that exhibit a cointegration relationship between CDS and VIX, RBYD, and RCUR, we estimate models
(3) and (4), respectively. Table 4 reports the corresponding estimated values of the error correction term, λ, and the correspond-
ing results for the type 1 Granger causality test. According to Table 4, the coefficient of the error correction term between CDS and
VIX without control factors is negative and very highly significant for 98% of the countries. The result remains almost the same
(98%) when local variables (RBYD, RCUR) are introduced in model (4) as control factors. Out of the 52 countries that have a
significant cointegration relationship between the sovereign CDS spreads and VIX, Switzerland (country number 49) is the only
country that does not support this hypothesis. This implies that VIX Granger-causes the sovereign CDS spread in mean signifi-
cantly from the equilibrium relationship. Furthermore, 83% of the countries show evidence of type 1 Granger causality in mean
from the RBYD to the CDS spreads. Thisfinding is contrary to Blanco et al. (2005)who report the evidence of reverseGranger causality
based on corporate bonds data. That is, the CDS market contributes significantly to the price discovery of credit risk. The proposed
ECM also suggests that 85% of the countries show a type 1 Granger causality in mean from RCUR to CDS, which is consistent with
the findings of Carr and Wu (2007). The results confirm that the deviation from the long-run relationship between the sovereign
15 Although our paper reports results for tests of cointegration based on thewell-known Dickey and Fuller (1979, 1981)method, we also tried the Phillips and Perron
(1988) test and the Zivot and Andrews (1992) procedure. The Zivot and Andrews (1992) test is both robust to breaks in the deterministic trend function and more
powerful than the ADF and PP tests. Zivot and Andrews (1992) search for a break point and test for the presence of a unit root when the process has a shift in trend
(see Chaudhuri &Wu, 2003). The results using the Zivot and Andrews (1992) and Phillips and Perron (1988) tests are almost the same as those reported for the Dick-
ey–Fuller tests.



0

100

200

300

400

500

600

700

CDS Index

VIX

Fig. 1. The sovereign CDS index and the VIX series from October 15, 2001 to September 30, 2010. A CDS index is constructed using a base level of 418.75, which is
the average of the starting CDS values for Mexico and Bulgaria (the first two countries to have data in our sample). As the data for other countries become avail-
able in the sample, the index is adjusted by the average value of the change in the CDS measure for each country, each day.
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CDS spreads andVIX, RBYD, and RCUR affect the future change of sovereign CDS spreads; however, the impact fromVIX ismore prom-
ising compared with RBYD and RCUR.

Table 5 reports the type 2 and type 3 Granger causality results between the sovereign CDS spreads and VIX, RBYD, and
RCUR, respectively, usingmodel (3). Only for the VIX, which is themain focus in this study, dowe consider model (4) as well, which
controls for RBYD and RCUR. Without controlling for local factors (model (3)), the type 2 Granger causality in mean from VIX to the
sovereign CDS spread is significant for 87% of the countries, while the type 3 Granger causality inmean fromVIX to the sovereign CDS
Table 3
Cointegration test results between sovereign CDS spread and VIX, RBYD, and RCUR. This table reports the results for the cointegration test between sovereign CDS
spread and VIX, RBYD, and RCUR, respectively. Using the Dickey–Fuller unit root test, Eq. (2), with up to 10 lags (i.e., p = 10), the null hypothesis H0:ψ⁎=0 (pair is
not cointegrated) is tested using the critical values taken from Davidson and MacKinnon (1993). The corresponding test statistic values for each country and their
significance are reported. The residuals ξt in Eq. (2) are extracted from Eq. (1) for each of Vt≡VIXt ,RBYDt ,RCURt, respectively. *, ** and *** means significance at the
10%, 5%, and 1% levels, respectively. The %Sig. reports the percentage of the countries that have significant results at the 10% level or below.

ID VIX RBYD RCUR ID VIX RBYD RCUR

1 −6.37*** NA Not CI 29 −2.69*** NA −4.38***
2 −5.62*** −2.96*** −2.45** 30 −4.44*** NA Not CI
3 −3.94*** −2.17** −1.83* 31 −8.68*** −3.07*** −3.05***
4 −2.53** NA −1.76* 32 −5.90*** −2.65*** −2.91***
5 −2.45** Not CI Not CI 33 −4.16*** NA −2.79***
6 −6.96*** −2.61*** −2.89*** 34 −6.37*** −3.60*** −3.08***
7 −4.81*** NA −1.93* 35 −2.68*** −2.66*** −2.21**
8 −8.02*** NA −2.06** 36 −5.50*** −2.33** −2.13**
9 −5.96*** −2.42** −2.50** 37 −6.71*** −2.31** −2.33**
10 Not CI −2.86*** −2.88*** 38 −5.87*** −2.34** −2.95***
11 −2.96*** −3.02*** −2.31** 39 −2.02** −5.07*** −3.00***
12 −5.15*** −1.76* −1.75* 40 −4.98*** −1.71* Not CI
13 −3.01*** Not CI −1.66* 41 Not CI Not CI Not CI
14 −6.00*** NA Not CI 42 −3.78*** −2.08** −2.04**
15 −2.72*** −1.76* −1.90* 43 −5.93*** NA −2.64***
16 −2.71*** −1.73* Not CI 44 −3.10*** NA Not CI
17 −3.67*** −2.19** Not CI 45 −8.35*** −2.29** −2.48**
18 Not CI −2.83*** Not CI 46 −8.19*** −2.84*** −2.92***
19 −5.55*** −2.05** −1.73* 47 Not CI Not CI Not CI
20 −4.79*** Not CI Not CI 48 −4.25*** −2.25** −2.00**
21 −7.03*** NA −2.22** 49 −4.89*** −2.09** −2.29**
22 −8.46*** −2.39** −2.39** 50 −8.75*** −3.30*** −3.26***
23 −4.94*** −3.15*** −3.00*** 51 −4.41*** −3.04*** −3.68***
24 Not CI Not CI Not CI 52 −2.13** −1.80* −2.49**
25 −5.02*** NA Not CI 53 −4.59*** NA −1.98**
26 −2.70*** −1.66* Not CI 54 −2.37** −2.05** −2.18**
27 −3.16*** −2.00** −2.94*** 55 −5.47*** NA Not CI
28 −4.60*** NA −1.79* 56 −5.65*** −2.01** −1.98**
% Sig. 91.07 85.37 76.79

Image of Fig. 1


Table 4
The error correction estimates of the ECM and type 1 Granger causality results. This table reports the error correction terms (λ) of the ECMmodels between sovereign
CDS spreads andVIX, RBYD, and RCUR, respectively, for the countries that demonstrate a CI(1,1) relationship and also the results of the type 1Granger causality test, that
is H0:λ=0. The results are calculated frommodels (3) or (4), respectively. Model (4) is only estimated for VIX, which is our main focus. NAmeans the results are not
available due to either no available data or no cointegration relationship. *, ** and *** means significance at the 10%, 5%, and 1% levels, respectively. The %Sig. reports the
percentage of the countries that have significant results at the 10% level or below.

ID VIX RBYD RCUR ID VIX RBYD RCUR

(3) (4) (3) (3) (3) (4) (3) (3)

1 −0.022*** −0.022*** NA NA 29 −0.027*** −0.027*** NA −0.017***
2 −0.025*** −0.022*** −0.010*** −0.008** 30 −0.014*** −0.014*** NA NA
3 −0.013*** −0.013*** −0.006*** −0.006*** 31 −0.037*** −0.037*** −0.010*** −0.010***
4 −0.016*** −0.015*** NA −0.008* 32 −0.023*** −0.020*** −0.006*** −0.008***
5 −0.005** −0.005* NA NA 33 −0.014*** −0.014*** NA −0.009***
6 −0.044*** −0.040*** −0.010** −0.012** 34 −0.049*** −0.048*** −0.024*** −0.031***
7 −0.005*** −0.005*** NA −0.002** 35 −0.013*** −0.010** −0.013*** −0.014***
8 −0.025*** −0.026*** NA −0.006** 36 −0.026*** −0.024*** −0.009** −0.010***
9 −0.029*** −0.029*** −0.009** −0.007** 37 −0.025*** −0.026*** −0.006* −0.005
10 NA NA −0.069*** −0.069*** 38 −0.037*** −0.035*** −0.010** −0.012**
11 −0.032*** −0.032*** −0.017*** −0.019*** 39 −0.009*** −0.009*** −0.019*** −0.006*
12 −0.015*** −0.015*** −0.007*** −0.006** 40 −0.015*** −0.015*** −0.005** NA
13 −0.022*** −0.023*** NA −0.007* 41 NA NA NA NA
14 −0.018*** −0.019*** NA NA 42 −0.022*** −0.022*** −0.005 −0.005*
15 −0.018*** −0.017*** −0.010** −0.010** 43 −0.024*** −0.027*** NA −0.007***
16 −0.007*** −0.007*** −0.005* NA 44 −0.021*** −0.021*** NA NA
17 −0.009*** −0.009*** −0.005** NA 45 −0.032*** −0.030*** −0.007** −0.008***
18 NA NA 0.003 NA 46 −0.035*** −0.038*** −0.008*** −0.007**
19 −0.020*** −0.020*** −0.003 −0.005* 47 NA NA NA NA
20 −0.015*** −0.014*** NA NA 48 −0.018*** −0.017*** −0.005 −0.009**
21 −0.015*** −0.013*** NA −0.003 49 −0.013 −0.014 −0.008 −0.009
22 −0.020*** −0.021*** −0.007*** −0.007*** 50 −0.045*** −0.044*** −0.011*** −0.012***
23 −0.028*** −0.027*** −0.011*** −0.007** 51 −0.018*** −0.018*** −0.011*** −0.012***
24 NA NA NA NA 52 −0.013*** −0.013** −0.005 −0.006
25 −0.013*** −0.012*** NA NA 53 −0.012*** −0.012*** NA 0.001
26 −0.009*** −0.008*** −0.010*** NA 54 −0.018*** −0.016** −0.009* −0.008
27 −0.010*** −0.010*** −0.015*** −0.009** 55 −0.015*** −0.015*** NA NA
28 −0.011*** −0.013*** NA −0.007*** 56 −0.032*** −0.032*** −0.011** −0.007*
% Sig. 98.04 98.04 82.86 85.00
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spread is significant for 98% of the countries. We get similar results for model (4) as well. This shows that the recent changes in the
investment risk of the S&P index option market reflected in VIX on average contain useful information about the future change in
sovereign CDS spreads. Combining the results in Table 4 and Table 5, we find that both the equilibrium relationship and recent
changes in VIX significantly affect future changes in sovereign CDS spreads. This is a novel and significant contribution to the
CDS literature.

There is a considerable amount of type 2 and type 3 Granger causality in mean between the sovereign CDS spread and RBYD
and RCUR as well, but they are weaker than the type 1 Granger causality in mean shown in Table 4. Overall, 58% and 83% of the
countries show significant type 2 and type 3 Granger causality in mean from RBYD to sovereign CDS spread, and 81% and 93% of
the countries show significant type 2 and type 3 Granger causality in mean from RCUR to the sovereign CDS spread.

4.2. Granger causality in mean, variance, and VaR

We extend our analysis by testing for the Granger causality in mean, variance, and VaR between changes in the CDS spread and
changes of VIX under conditional heteroskedasticity using the methodology developed by Hong (2001) and Hong et al. (2009).
The conditional heteroskedasticity assumption inHong (2001) andHong et al.’s (2009) tests is very important infinancial time series,
but the conventional ECMs do not take this into account, arguing the robustness of the results from ECMs. In this study, the
Granger causality test is performed under two scenarios, namely, with and without control factors. In the case of no control fac-
tors, an AR(5)-GARCH(1,1) model (hereinafter referred to as model M1) is fitted for the two time series {ΔCDSt} and {ΔVIXt},
respectively. The residuals are extracted and used to calculate the test statistics proposed by Hong (2001) and Hong et al.
(2009). The residuals for the case with control factors are extracted by including the first five daily lags of the change in govern-
ment bond yield (∑5

i¼1∅iΔBYDt−i) and currency exchange rate (∑5
i¼1φiΔCURt‐i) in the AR(5)-GARCH(1,1) model (hereinafter

referred to as model M2). The test statistics follow a standard normal distribution under the null hypothesis of no Granger
causality.

The results for Granger causality in mean, variance, and VAR using Hong (2001) and Hong et al. (2009) tests are reported
in Panels A, B, and C, respectively, in Table 6. In Panel A, if no local factors are used, 96% of the countries in the sample show
strong evidence of a unidirectional spillover effect in mean from the VIX to the CDS markets, confirming the robustness of our
findings from the ECM model above. The results provide little evidence for the reverse Granger causality in mean from CDS to



Table 5
Results of type-2 and -3 Granger causality inmean using the ECM. This table reports the F-test statistics corresponding to the type 2 and type 3 Granger causality tests inmean between sovereign CDS spreads and VIX, RBYD, RCUR,
respectively, calculated from the error correction models in Eqs. (3) and (4). Type 2 Granger causality test is H0:γ1=γ2=γ3=γ4=γ5=0 and type 3 Granger causality test is H0:γ1=γ2=γ3=γ4=γ5=λ=0. NAmeans the re-
sults are not available due to either no available data or no cointegration relationship. Model (4) is only estimated for VIX, which is our main focus. *, ** and *** means significance at the 10%, 5%, and 1% levels, respectively. % Sig.
reports the percentage of the countries that have significant results at the 10% level or below.

ID VIX RBYD RCUR ID VIX RBYD RCUR

Model (3) Model (4) Model (3) Model (3) Model (3) Model (4) Model (3) Model (3)

Type 2 Type 3 Type 2 Type 3 Type 2 Type 3 Type 2 Type 3 Type 2 Type 3 Type 2 Type 3 Type 2 Type 3 Type 2 Type 3

1 7.81*** 17.98*** 1.39 10.90*** NA NA NA NA 29 8.94*** 11.06*** 8.77*** 10.80*** NA NA 0.16 1.61
2 13.97*** 20.30*** 8.94*** 13.88*** 7.72*** 7.63*** 8.31*** 8.26*** 30 7.28*** 10.17*** 3.69*** 6.29*** NA NA NA NA
3 4.96*** 9.37*** 0.86 4.49*** 1.16 2.31** 12.76*** 12.26*** 31 42.78*** 41.26*** 27.81*** 28.16*** 2.53** 3.66*** 15.04*** 14.15***
4 12.74*** 13.41*** 12.42*** 13.01*** NA NA 2.03* 2.26** 32 14.00*** 15.42*** 14.67*** 17.42*** 4.60*** 5.22*** 25.54*** 22.69***
5 7.24*** 7.30*** 1.11 1.49 NA NA NA NA 33 1.87* 4.93*** 1.25 4.36*** NA NA 1.03 2.69**
6 13.50*** 14.18*** 8.67*** 10.72*** 2.74** 3.04*** 9.77*** 8.94*** 34 0.37 5.47*** 0.36 4.46*** 0.15 1.77 3.70*** 5.76***
7 15.79*** 15.72*** 15.59*** 15.65*** NA NA 2.45** 2.77** 35 4.50*** 6.15*** 5.01*** 6.30*** 1.81 3.04*** 6.39*** 7.24***
8 21.52*** 28.54*** 21.22*** 28.69*** NA NA 3.15*** 3.61*** 36 1.54 8.30*** 1.41 6.57*** 0.77 1.69 4.21*** 5.02***
9 30.29*** 29.44*** 1.14 4.84*** 0.68 1.5 30.53*** 26.52*** 37 14.22*** 15.87*** 2.61** 5.20*** 14.51*** 12.77*** 11.65*** 10.18***
10 NA NA NA NA 1.2 2.44** 0.61 1.6 38 10.39*** 11.12*** 7.71*** 8.89*** 2.63** 2.93*** 6.41*** 6.31***
11 6.92*** 8.33*** 1.53 3.83*** 5.56*** 5.69*** 0.84 2.36** 39 31.83*** 28.15*** 11.12*** 10.88*** 24.86*** 22.52*** 14.29*** 12.46***
12 24.54*** 24.70*** 8.24*** 9.48*** 5.60*** 6.05*** 29.58*** 25.94*** 40 19.47*** 21.24*** 8.02*** 10.10*** 6.85*** 6.61*** NA NA
13 1.74 5.37*** 1.34 4.54*** NA NA 1.15 1.54 41 NA NA NA NA NA NA NA NA
14 6.50*** 8.67*** 7.45*** 9.67*** NA NA NA NA 42 9.38*** 10.15*** 7.69*** 8.85*** 0.83 1.12 2.17* 2.28**
15 1.53 3.76*** 2.35** 3.97*** 2.38** 2.93*** 2.11* 2.62** 43 28.22*** 29.58*** 22.26*** 25.29*** NA NA 9.75*** 9.18***
16 7.49*** 8.02*** 4.04*** 4.54*** 0.63 1.13 NA NA 44 6.53*** 9.87*** 5.53*** 9.00*** NA NA NA NA
17 4.22*** 6.26*** 0.95 2.89*** 0.99 1.48 NA NA 45 20.30*** 22.81*** 10.36*** 14.99*** 5.56*** 5.72*** 19.03*** 16.99***
18 NA NA NA NA 6.92*** 5.94*** NA NA 46 42.18*** 41.75*** 19.64*** 21.25*** 4.58*** 5.07*** 30.25*** 26.50***
19 9.92*** 16.26*** 2.53** 7.88*** 11.11*** 9.52*** 2.67** 2.72** 47 NA NA NA NA NA NA NA NA
20 11.89*** 12.49*** 8.27*** 8.83*** NA NA NA NA 48 5.33*** 10.11*** 5.88*** 9.66*** 2.26** 2.25** 6.07*** 6.18***
21 10.51*** 13.84*** 18.22*** 18.57*** NA NA 16.86*** 14.34*** 49 0.45 0.62 0.86 1.04 3.56*** 3.30*** 0.76 1.03
22 13.71*** 16.78*** 14.58*** 17.63*** 3.11*** 3.86*** 2.54** 3.38*** 50 46.16*** 44.41*** 19.39*** 20.97*** 25.21*** 23.01*** 6.33*** 7.25***
23 37.92*** 36.39*** 9.06*** 10.11*** 31.19*** 27.62*** 37.80*** 33.15*** 51 20.51*** 20.50*** 20.95*** 21.74*** 14.87*** 14.24*** 14.46*** 14.22***
24 NA NA NA NA NA NA NA NA 52 1.77 3.29*** 4.11*** 5.27*** 2.19* 2.03* 0.82 0.92
25 28.38*** 28.58*** 11.85*** 12.22*** NA NA NA NA 53 20.10*** 25.23*** 4.35*** 8.28*** NA NA 23.66*** 19.78***
26 1.09 2.56** 2.13* 2.72** 4.26*** 5.18*** NA NA 54 2.17* 3.80*** 2.92** 4.31*** 3.55*** 3.60*** 0.95 1.24
27 18.18*** 18.60*** 15.90*** 16.44*** 2.55** 3.84*** 5.52*** 5.37*** 55 17.51*** 23.49*** 16.38*** 22.64*** NA NA NA NA
28 20.40*** 19.38*** 20.35*** 20.12*** NA NA 3.43*** 3.97*** 56 13.78*** 15.12*** 6.56*** 8.74*** 10.62*** 9.69*** 10.45*** 9.12***
% Sig. 86.53 98.07 80.77 96.15 58.33 83.33 81.40 93.02
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VIX. According to Panel B, when no control factors are used, 25% of the countries, including five G20 economies (Germany, Italy,
Japan, Turkey, and the UK), have experienced the small risk spillover effects from the S&P 500 option market to the CDS market
over the sample period, while 52% (see Panel B) of the countries, including 11 of the G20 economies (Australia, France, Germany,
India, Indonesia, Italy, South Korea, the UK, the US, Argentina, and Russia), have experienced extreme downside risk spillover
effects from the S&P 500 option market to the CDS market. Overall, the extreme downside risk spillover effect from the S&P
500 option market to the CDS market is much stronger than the volatility spillover effect,16 which is a new and interesting finding
in the CDS literature. It is also interesting to observe from Table 6 that some sovereigns, such as Bulgaria, Israel, Japan, Kazakhstan,
and Saudi Arabia, are subjected to only small risk spillovers, but they are susceptible to extreme downside risk spillovers. This
shows the power of Hong (2001) and Hong et al. (2009) in detecting different kinds of spillover effect. On the other hand, the
reverse Granger causality in variance and VaR from the sovereign CDS to VIX is much weaker. That is, after controlling for
local factors, only 4% of the countries have significant Granger causality in variance from sovereign CDS spreads to VIX, and
only 9% of the countries have significant Granger causality in VaR from sovereign CDS spreads to VIX. Overall, even under the con-
ditional heteroskedasticity conditions in the Hong (2001) and Hong et al. (2009) tests, the empirical results suggest a strong uni-
directional information spillover from the S&P index option market to the sovereign CDS markets with respect to both small and
extreme downside risk. For those countries in Table 6 that have significant unidirectional Granger causality from VIX to the sov-
ereign CDS after controlling for the local variables (M2), we also report their rankings using Hong et al.'s statistics. These rankings
represent the sensitivity of the countries to the spillover effect. For example, Kazakhstan (country number 28), Ukraine (country
number 53), and Bahrain (country number 4) have the most significant small risk spillover effect. Bahrain, France, and the US
have the most significant spillover effect in extreme downside risk. This documents another interesting result from our study.

4.3. Sub-period analysis

Table 7 reports the results of spillover from VIX to CDS during different sub-periods, namely, the pre-crisis period (before July
1, 2007), the crisis period (between July 1, 2007 and September 30, 2009) and the post-crisis period (after September 30, 2009).
The financial crisis period is defined following Dick-Nielsen, Feldhutter, and Lando (2012) and Friewald, Jankowitsch, and
Subrahmanyam (2012). Table 7 reports the percentage of countries that have significant results at the 10% level or below. The
results confirm a significant increase in the spillover effect during the crisis period. Using the ECM model after controlling for
local variables (model (4)), the significant rate of type 1, type 2, and type 3 Granger causality in mean from VIX to CDS is 84%,
38%, and 78%, respectively, before the crisis. These percentages increase markedly to 93%, 75%, and 95% during the crisis. After
the crisis, they drop again to the normal levels. Using the Hong (2001) and Hong et al. (2009) tests, the significant spillover effects
in mean, variance, and VaR from VIX to CDS after controlling for local factors are only 42%, 14%, and 22%, respectively, before the
crisis. During the crisis, these rates increase notably to 93%, 45%, and 43%. These results support the existence of a contagion effect
from the S&P 500 option market to the CDS market.

4.4. Decomposition of VIX and spillover

VIX, which measures the expected volatility under a risk-neutral measure, can be further decomposed into physical expected
volatility (EVOL) and the variance risk premium (VRP). We examine whether both components support price discovery in the
sovereign CDS market. In order to test this, on each date we run a GARCH (1,1) model for the monthly S&P 500 index returns
of the last 10 years and then use the estimated parameters to calculate the EVOL of the next month. The difference between
the EVOL and the VIX is VRP. We then use the EVOL and VRP, respectively, as the predictors in model (4) in place of VIX. For
simplicity, we only report the results corresponding to the models with control variables.

Table 8 reports the percentage of countries that have significant results at the 10% level or below. The results show that both
EVOL and RVP Granger-cause the sovereign CDS spreads for a large number of countries. When the ECM model is used, EVOL is
significant for about 76% of the countries on average, while VRP is significant for about 89% of the countries on average. When the
approach proposed in Hong (2001) and Hong et al. (2009) is used, EVOL is significant for about 22% of the countries on average,
while VRP is significant for about 21% of the countries on average.

4.5. Out-of-sample forecast of sovereign CDS spreads

Another important consequence of the Granger causality tests that we use in this study is the prediction of CDS spreads.
Table 9 reports the results of out-of-sample one-day-ahead forecasts of the sovereign CDS spreads using models (3) and (4).
For each country, except Colombia and Switzerland (due to insufficient data), the first 500 observations are used to estimate
the parameters of models (3) and (4) initially. Out-of-sample forecasts of CDS are then made starting from the 501st day. In
the case of Colombia and Switzerland, only the first 200 observations are used to estimate the parameters due to insufficient
16 We also test the Granger causality inmean, variance, and VaR between sovereign CDS spreads and the local factors BYD and CUR using the Hong (2001) and Hong
et al. (2009) tests. The results show evidence of a bidirectional significant causality effect between the sovereign CDS and BYD for 50% of the countries, and between CDS
and CUR for 59% of the countries, respectively, but the unidirectional causality effect is not that strong. That is, 24% and 57% of the countries in the sample demonstrated
a unidirectional causality effect in mean from BYD and CUR to the CDS market. The results are not reported here; however, they are available upon request from the
authors.



Table 6
Granger causality in mean, variance, and value-at-risk between sovereign CDS and VIX. This table reports the Hong (2001) and Hong et al. (2009) unidirectional and bidirectional Granger causality test statistics under conditional
heteroskedasticity between the change of sovereign CDS spreads and the change of VIXwith andwithout controlling for the change of domestic factors. Panels A, B, and C report the Granger causality results inmean, variance, and
99% value-at-risk (VaR), respectively.*, ** and *** mean significance at the 10%, 5%, and 1% levels, respectively. M1 means the model that does not control for the local factors, while M2 means the model that controls for the local
factors. The last column reports the ranks of statistical value for those countries that have significant Hong (2001) and Hong et al.'s (2009) test statistics of unidirectional Granger causality from VIX to the sovereign CDS using M2.
The %Sig. reports the percentage of the countries that have significant results at 10% or below.

ID ΔVIX ↔ ΔCDS (Q2) ΔCDS → ΔVIX(Q1) ΔVIX → ΔCDS(Q1) Rank ID ΔVIX ↔ ΔCDS (Q2) ΔCDS → ΔVIX(Q1) ΔVIX → ΔCDS(Q1) Rank

M1 M2 M1 M2 M1 M2 M1 M2 M1 M2 M1 M2

Panel A. Granger causality in mean
1 2.42*** 2.29** −0.42 −0.38 3.84*** 3.62*** 42 29 3.30*** 3.31*** −0.59 −0.50 5.25*** 5.18*** 36
2 4.88*** 1.79** 0.45 0.03 6.45*** 2.50*** 47 30 3.07*** 3.29*** - 0.27 −0.04 4.61*** 4.70*** 38
3 8.99*** 9.55*** −0.56 −0.82 13.28*** 14.33*** 18 31 38.89*** 37.92*** 0.85 0.51 54.15*** 53.12*** 1
4 5.43*** 5.31*** −0.61 −0.54 8.29*** 8.04*** 31 32 10.13*** 9.33*** 0.05 −0.04 14.27*** 13.24*** 19
5 6.12*** 5.93*** −0.53 −0.44 9.19*** 8.83*** 29 33 2.29** 1.23 0.86 1.02 2.38*** 0.71
6 8.21*** 5.14*** 1.24 0.64 10.37*** 6.62*** 32 34 1.54* 1.43* 0.14 0.17 2.03** 1.85** 48
7 17.04*** 17.23*** −0.43 −0.40 24.54*** 24.77*** 8 35 −1.54 −1.58 −1.08 −1.04 −1.09 −1.20
8 15.25*** 13.53*** −1.12 −1.11 22.69*** 20.25*** 12 36 5.35*** 3.18*** 0.22 −0.31 7.35*** 4.80*** 37
9 28.48*** 28.56*** 0.04 0.15 40.23*** 40.24*** 5 37 1.44* 0.24 −0.75 −0.76 2.79*** 1.10
10 7.20*** 7.25*** 0.74 0.78 9.43*** 9.48*** 28 38 2.69*** 2.84*** 2.15** 2.35** 1.66** 1.67** 50
11 12.05*** 11.12*** −1.36 −1.25 18.40*** 16.98*** 15 39 3.72*** 3.70*** 0.62 0.65 4.63*** 4.58*** 39
12 7.47*** 7.64*** −0.24 −0.03 10.80*** 10.84*** 25 40 33.10*** 32.75*** 0.32 −0.66 46.49*** 46.97*** 3
13 2.17** 0.61 1.14 0.84 1.93** 0.02 41 13.29*** 11.78*** −0.53 −0.22 19.32*** 16.88*** 16
14 1.53* 1.10 −0.04 −0.15 2.21** 1.71** 49 42 8.58*** 7.35*** 0.27 −0.65 11.86*** 11.05*** 24
15 2.35*** 1.33* −0.21 −0.78 3.54*** 2.66*** 46 43 15.08*** 14.69*** −0.20 −0.81 21.52*** 21.58*** 11
16 0.00 1.91** −1.03 −0.83 1.03 3.53*** 44 44 22.23*** 21.43*** 1.56* 0.69 29.88*** 29.62*** 7
17 5.68*** 3.88*** 0.35 0.28 7.68*** 5.21*** 35 45 2.16** 2.91*** 0.04 0.31 3.01*** 3.81*** 41
18 6.20*** 5.35*** 1.39* 1.18 7.38*** 6.39*** 33 46 10.43*** 7.32*** 0.07 −0.03 14.68*** 10.38*** 26
19 9.55*** 7.58*** −0.33 −0.65 13.83*** 11.37*** 23 47 37.72*** 35.95*** −0.44 −0.39 53.78*** 51.23*** 2
20 10.28*** 10.27*** −0.99 −1.16 15.53*** 15.68*** 17 48 2.31** 1.83** −0.55 −0.60 3.81*** 3.20*** 45
21 5.48*** 4.95*** 0.67 0.92 7.08*** 6.08*** 34 49 1.91** 2.46*** −1.25 −0.66 3.95*** 4.13*** 40
22 9.40*** 7.71*** −0.95 −0.74 14.25*** 11.64*** 21 50 2.19** 1.08 0.53 0.62 2.57*** 0.91
23 26.62*** 27.11*** 0.43 0.54 37.21*** 37.79*** 6 51 32.86*** 32.23*** 1.83** 2.08** 44.65*** 43.50*** 4
24 3.77*** 3.58*** 1.44* 1.48* 3.89*** 3.58*** 43 52 18.56*** 7.95*** 1.01 −0.22 25.24*** 11.45*** 22
25 12.46*** 12.16*** −0.48 −0.57 18.10*** 17.77*** 14 53 15.53*** 15.43*** −0.42 −0.66 22.38*** 22.49*** 10
26 8.78*** 8.21*** −0.33 −0.34 12.75*** 11.96*** 20 54 5.63*** 6.45*** 0.23 0.51 7.73*** 8.61*** 30
27 14.39*** 13.86*** 0.93 0.64 19.42*** 18.96*** 13 55 2.49*** −0.13 −1.07 −1.34 4.60*** 1.16
28 16.38*** 16.68*** −0.83 −0.73 23.99*** 24.33*** 9 56 7.54*** 7.63*** 0.82 0.92 9.84*** 9.87*** 27
% Sig. 96.43 87.50 8.93 5.36 96.43 89.29

Panel B. Granger causality in variance
1 −2.56 −2.54 −1.68 −1.64 −1.94 −1.94 29 −2.25 −2.23 −1.42 −1.39 −1.77 −1.76
2 −2.38 −2.37 −1.75 −1.76 −1.62 −1.59 30 −2.12 −2.01 −1.41 −1.25 −1.59 −1.60
3 −1.24 −1.33 −1.62 −1.60 −0.13 −0.29 31 0.74 0.16 −0.54 −0.31 1.59* 0.54
4 8.32*** 7.20*** 0.28 0.40 11.49*** 9.79*** 3 32 −1.39 −1.49 −0.98 −1.12 −0.98 −0.99
5 −1.54 −1.71 −1.70 −1.71 −0.48 −0.71 33 −2.45 −2.45 −1.71 −1.71 −1.75 −1.76
6 −1.71 −1.66 −1.53 −1.52 −0.89 −0.83 34 −2.41 −2.40 −1.80 −1.80 −1.61 −1.60
7 1.91** 2.74*** 0.48 0.32 2.21** 3.55*** 7 35 1.40* 1.61* 1.51* 1.93** 0.47 0.34
8 0.30 −0.06 −0.70 −0.90 1.13 0.81 36 −1.00 −0.91 0.08 0.19 −1.49 −1.48
9 −0.72 −0.89 −1.01 −1.06 −0.01 −0.19 37 −0.80 −0.73 0.79 0.89 −1.92 −1.92
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10 −1.79 −1.81 −1.41 −1.36 −1.12 −1.20 38 −1.98 −1.99 −1.50 −1.53 −1.30 −1.28
11 −1.71 −1.76 −1.20 −1.23 −1.22 −1.26 39 0.64 0.82 −0.81 −0.84 1.71** 2.00** 11
12 −1.63 −1.68 −0.97 −1.06 −1.34 −1.31 40 −1.24 −1.32 −1.59 −1.56 −0.15 −0.31
13 −0.06 0.30 −0.99 −0.44 0.91 0.86 41 0.73 0.62 −1.50 −1.48 2.53*** 2.37*** 9
14 −1.73 −1.80 −0.96 −1.03 −1.48 −1.51 42 −1.09 −0.11 −0.90 −0.38 −0.64 0.23
15 0.67 0.45 0.00 −0.20 0.96 0.84 43 −1.06 −1.07 −1.28 −1.26 −0.21 −0.26
16 −2.41 −2.45 −1.90 −1.91 −1.50 −1.55 44 4.04*** 5.02*** 4.62*** 4.71*** 1.09 2.38*** 8
17 0.62 −0.74 −1.47 −1.42 2.35*** 0.36 45 −2.09 −2.18 −1.78 −1.80 −1.17 −1.28
18 1.36* 0.63 −0.24 −0.60 2.16** 1.49* 12 46 0.06 0.15 −0.78 −0.57 0.86 0.78
19 −1.71 −1.73 −0.88 −0.97 −1.54 −1.47 47 −2.60 −2.61 −1.83 −1.83 −1.85 −1.87
20 −1.93 −1.99 −1.72 −1.71 −1.02 −1.10 48 −2.13 −1.70 −1.77 −1.61 −1.25 −0.79
21 0.73 0.30 −0.44 −0.45 1.47 0.87 49 −1.33 0.90 −0.92 0.19 −0.96 1.08
22 −2.47 −2.46 −1.78 −1.76 −1.71 −1.73 50 −1.79 −1.88 −1.49 −1.50 −1.04 −1.16
23 −2.30 −2.29 −1.64 −1.63 −1.61 −1.60 51 2.67*** 2.40** 0.46 1.23 3.31*** 2.17** 10
24 −2.11 −1.82 −1.52 −1.20 −1.46 −1.38 52 −1.11 −1.12 −0.67 −0.74 −0.90 −0.84
25 2.87*** 3.30*** 0.23 0.10 3.84*** 4.57*** 5 53 12.63*** 10.43*** −0.21 −0.10 18.07*** 14.84*** 2
26 3.93*** 3.08*** −1.61 −1.52 7.16*** 5.87*** 4 54 −0.66 −0.86 −0.89 −0.93 −0.05 −0.28
27 1.37* 1.57* −1.58 −1.52 3.52*** 3.74*** 6 55 −2.32 −2.31 −1.67 −1.67 −1.60 −1.60
28 23.52*** 20.37*** −0.78 −0.74 34.05*** 29.55*** 1 56 0.09 −0.20 −1.73 −1.70 1.85** 1.42* 13
% Sig. 19.64 17.86 3.57 3.57 25.00 23.21

Panel C. Granger causality in VaR
1 0.61 0.11 −1.79 −1.77 2.66*** 1.92** 23 29 −0.59 −0.6 −1.79 −1.79 0.95 0.93
2 2.56*** −0.46 1.79** −1.83 1.82** 1.18 30 −0.29 −2.62 −1.89 −1.85 1.48* −1.86
3 1.81** 1.08 −1.26 −1.33 3.82*** 2.86*** 18 31 1.36* 2.39*** −1.07 −1.04 2.99*** 4.43*** 10
4 13.52*** 15.42*** −1.95 −1.96 21.07*** 23.77*** 1 32 0.18 −0.14 −0.44 −0.58 0.69 0.39
5 10.64*** 5.14*** 11.34*** 7.37*** 3.70*** −0.09 33 0.68 0.67 −1.83 −1.82 2.79*** 2.78*** 20
6 −2.66 −2.63 −1.88 −1.86 −1.89 −1.87 34 −2.78 −2.76 −1.97 −1.95 −1.97 −1.95
7 0.13 0.23 −0.79 −0.85 0.97 1.18 35 −2.70 0.81 −1.91 1.31* −1.90 −0.17
8 1.18 1.29* −1.75 −1.76 3.42*** 3.57*** 15 36 −2.69 −2.66 −1.93 −1.91 −1.87 −1.86
9 0.22 −0.64 1.71** 0.59 −1.39 −1.49 37 −0.95 −1.26 −1.95 −1.94 0.60 0.16
10 −0.44 −0.69 0.88 0.53 −1.50 −1.51 38 −1.66 −1.70 −0.91 −0.96 −1.44 −1.45
11 −2.12 −2.17 −1.82 −1.78 −1.18 −1.28 39 −2.30 −2.30 −1.81 −1.80 −1.44 −1.45
12 0.68 1.53* −1.46 0.26 2.42*** 1.90** 24 40 0.17 0.61 −1.82 −1.84 2.06** 2.71*** 21
13 −2.70 0.00 −1.91 0.00 −1.91 0.00 41 1.74** 3.00*** −1.80 1.44* 4.27*** 2.80*** 19
14 −2.41 −2.66 −1.57 −1.9 −1.84 −1.85 42 2.00** 0.72 −0.24 −0.66 3.06*** 1.67** 25
15 −2.64 −2.64 −1.78 −1.78 −1.96 −1.96 43 3.28*** 3.19*** −1.76 −1.82 6.40*** 6.33*** 5
16 17.69*** 5.00*** −1.95 −1.92 26.97*** 8.99*** 2 44 2.75*** 11.19*** 5.73*** 11.19*** −1.85 −1.95
17 3.60*** 3.33*** 0.98 0.84 4.11*** 3.87*** 12 45 −2.28 −2.28 −1.81 −1.81 −1.40 −1.41
18 4.01*** 0.92 2.33** −1.78 3.34*** 3.08*** 17 46 1.13 1.30* −1.81 −1.82 3.40*** 3.66*** 13
19 −1.52 1.22 −1.86 −1.89 −0.29 3.62*** 14 47 4.02*** 1.92** −1.92 −1.89 7.61*** 4.60*** 9
20 1.03 0.82 −1.78 −1.77 3.23*** 2.93*** 6 48 −1.57 −0.73 −0.41 0.86 −1.81 −1.90
21 0.00 0.75 −1.38 −1.35 1.38* 2.41*** 8 49 −2.69 −2.72 −1.90 −1.93 −1.91 −1.91
22 3.06*** 3.04*** −1.79 −1.79 6.12*** 6.09*** 11 50 −1.83 −1.59 −0.70 −0.34 −1.89 −1.92
23 4.06*** 2.20** −1.87 −1.83 7.62*** 4.94*** 51 −2.21 −2.69 −1.88 −1.89 −1.25 −1.91
24 1.60* 1.58* −1.88 −1.88 4.14*** 4.12*** 7 52 1.14 1.29* 1.12 1.24 0.49 0.59
25 0.75 −2.39 −1.80 −1.76 2.87*** −1.61 53 2.18** 3.95*** −1.91 −1.93 5.00*** 7.52*** 4
26 3.27*** 2.98*** −1.26 −1.35 5.89*** 5.56*** 54 5.70*** 4.57*** −1.94 −1.93 9.81*** 8.40*** 3
27 −1.78 −1.76 −1.02 −0.99 −1.51 −1.50 23 55 2.40*** 2.38*** 1.26 1.25 2.14** 2.13** 22
28 1.21 1.19 3.61*** 3.59*** −1.90 −1.90 56 −1.60 1.39* −1.14 −1.12 −1.11 3.09*** 16
% Sig. 35.71 37.50 10.71 8.93 51.78 48.21
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Table 7
Pre-, during, and post-crisis spillover effect. This table reports the results of spillover from VIX to CDS during three sub-periods, namely, pre-crisis period (before 1 July,
2007), crisis period (between 1 July, 2007 and 30 September, 2009), and post-crisis period (after 30 September, 2009). It is to be noted that the pre- and post- crisis
periods may vary depending on the availability of data, but the crisis period is the same for all countries. This table reports the percentage of countries that have sig-
nificant results at the 10% level or below. Model (3) does not use the local variables as the controlling variables, while Model (4) uses them as controlling variables.
The results of Granger causality in mean, variance, and VaR are calculated by the approach proposed in Hong (2001) and Hong et al. (2009). M1 and M2 refer to the
model without and with controlling variables, respectively. NA implies that we do not calculate the results of Granger causality in VaR for the post-crisis periods due
to insufficient observations to calculate the indicator series of extreme value that give the results of one.

Model Test % of sig.

Pre-crisis (%) Crisis (%) Post-crisis (%)

ECM Type 1 (Model (3)) 85.71 96.43 81.13
Type 1 (Model (4)) 84.44 92.73 86.54
Type 2 (Model (3)) 40.81 87.50 33.96
Type 2 (Model (4)) 37.78 74.55 30.77
Type 3 (Model (3)) 77.55 98.21 71.69
Type 3 (Model (4)) 77.78 94.55 75.00

Granger causality
(Hong, 2001; Hong et al., 2009)

In mean (M1): ΔVIX→ΔCDS 40.00 92.86 39.29
In mean (M2): ΔVIX→ΔCDS 42.00 92.86 32.14
In variance (M1): ΔVIX→ΔCDS 14.00 44.64 33.93
In variance (M2): ΔVIX→ΔCDS 14.00 44.64 33.93
In VaR (M1): ΔVIX→ΔCDS 23.91 45.28 NA
in VaR (M2): ΔVIX→ΔCDS 21.74 43.40 NA
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data, and their forecasts begin on the 201st day. Forecasting accuracy is determined using the RMSE between the observed and
predicted sovereign CDS spreads. Table 9 reports the RSME corresponding to models (3) and (4) for the whole forecast period
(RMSE3W, RMSE4W) and for the recent financial crisis period (RMSE3R, RMSE4R), respectively. Table 9 also reports the corre-
sponding percentage RMSE values, which are calculated by taking the RMSE as a percentage of the mean observed CDS value,
a benchmark, over the forecast period for each country.

As shown in Table 9, all the countries have percentage root mean square values that are less than 14% corresponding to
RMSE3W and RMSE4W, implying that the out-of-sample forecasted CDS spreads using models with and without local control fac-
tors are very close to the observed ones. The spillover from the VIX to the CDS market during the financial crisis is also evident
from the results in Table 9. During the financial crisis period, 96% of the countries with available data have percentage root mean
square values less than 14% corresponding to RMSE3R and RMSE4R. These findings imply that regardless of the business cycle,
even in the out-of-sample, VIX provides useful information for predicting sovereign CDS spreads. More recently, the research
examining the predictability of models over the business cycle indicate stronger results during periods of low economic growth
(Rapach, Strauss, & Zhou, 2010; Henkel, Martin, & Nardari, 2011). Evidence from Longstaff (2010) indicates forecasting ability
from cross-market linkages dissipated as the subprime crisis shifted to the broader global financial crisis. However, our results
show strong forecasting ability from the VIX to the sovereign CDS markets before, during, and after the crisis. This finding pro-
vides evidence for the transmission of information from a leading market independently of the business cycle.

As an illustration of the prediction accuracy contained within the RMSE values, we plot the observed and forecasted CDS
spreads for Norway, Pakistan, and the US in Figs. 2, 3, and 4, respectively. Norway and Pakistan have the lowest and highest
RMSE values, respectively. Figs. 2, 3, and 4 confirm the results reported in Table 9. That is, VIX helps to produce very accurate
predictions of the future CDS spreads before, during, and after the crisis period using both model (3) and model (4).
Table 8
Decomposition of VIX and the spillover. This table reports the results of Granger causality of sovereign CDS by physical expected volatility (EVOL) and variance risk pre-
mium(VRP). On each date,we runGARCH(1,1)model for themonthly S&P 500 index returns of the last 10 years and thenuse the estimatedparameters to calculate the
physical expected volatility of thenextmonth. The difference between the EVOL and theVIX is variance risk premium. This table reports thepercentage of countries that
have significant results at the 10% level or below. The results of Granger causality in mean, variance, and VaR are calculated by the approach proposed in Hong (2001)
and Hong et al. (2009). For simplicity, we report the results corresponding to model (4), which uses the local variables as the controlling factors.

Model Test % of sig.

With EVOL (%) With VRP (%)

ECM Type 1 73.21 92.86
Type 2 67.86 80.36
Type 3 85.71 92.31
Average 75.59 88.51

Granger causality: ΔVIX→ΔCDS (Hong, 2001; Hong et al., 2009) In mean 42.86 19.64
In variance 12.50 17.86
In VaR 10.71 25.00
Average 22.02 20.83



Table 9
Out-of-sample forecast of sovereign CDS spreads. This table reports the results of out-of-sample root mean square error (RMSE) for the one-day-ahead forecast of the
sovereign CDS spreads. RMSE3W refers to the results for Eq. (3) over the whole forecast period, while RMSE3R refers to the results for Eq. (3) during the financial crisis
period. RMSE4W and RMSE4R refer to the corresponding measures based on Eq. (4). The % is the percentage of RMSE with respect to the mean of the sovereign CDS
spreads calculated over the whole forecast period and the financial crisis period, respectively. The recent financial crisis period is considered as July 2007 to September
2009 following Dick-Nielsen et al. (2012), and Friewald et al. (2012). In nine countries where the sovereign CDS have started recently, the crisis period is contained
within the first 500 observations used to estimate models (3) and (4). As a result, the RMSE values are not available (NA) for those countries.

ID RMSE3W % RMSE4W % RMSE3R % RMSE4R % ID RMSE3W % RMSE4W % RMSE3R % RMSE4R %

1 66.57 6.59 66.86 6.61 95.16 6.11 95.58 6.14 29 2.99 9.42 3.00 9.45 3.60 11.36 3.62 11.43
2 3.83 11.61 3.83 11.59 5.24 10.64 5.23 10.62 30 33.26 10.01 33.34 10.03 40.64 9.87 40.73 9.89
3 4.04 9.55 4.01 9.50 5.27 9.48 5.23 9.41 31 5.94 2.06 6.96 2.41 6.47 2.04 9.55 3.02
4 3.70 2.17 3.88 2.27 NA NA NA NA 32 14.09 5.21 14.14 5.23 16.26 5.71 16.32 5.73
5 2.90 8.07 2.88 8.02 3.16 7.93 3.15 7.93 33 9.99 11.88 10.07 11.97 14.25 11.58 14.36 11.67
6 6.24 4.42 7.09 5.02 7.45 4.31 9.24 5.34 34 10.32 8.62 10.10 8.43 17.06 9.71 16.62 9.46
7 8.53 5.60 8.58 5.63 13.60 5.54 13.66 5.56 35 11.19 9.36 11.27 9.43 10.67 6.64 10.79 6.71
8 5.68 8.08 5.67 8.07 7.93 7.76 7.92 7.75 36 4.70 13.33 4.81 13.65 5.52 16.53 5.65 16.90
9 7.16 8.72 7.19 8.76 8.45 9.51 8.49 9.56 37 7.45 12.82 7.36 12.65 9.34 15.35 9.20 15.12
10 3.34 2.68 3.49 2.80 NA NA NA NA 38 1.47 10.11 1.46 10.10 1.69 8.25 1.68 8.22
11 4.88 1.91 5.02 1.96 NA NA NA NA 39 134.51 13.50 134.59 13.51 171.49 12.76 171.64 12.77
12 5.84 9.80 5.91 9.91 8.06 9.59 8.16 9.71 40 5.45 4.34 10.29 8.18 4.41 3.45 5.04 3.94
13 1.09 2.78 1.14 2.92 NA NA NA NA 41 14.86 7.14 14.85 7.14 20.67 8.06 20.65 8.05
14 22.81 6.60 23.07 6.67 31.35 6.76 31.67 6.83 42 6.98 8.11 6.86 7.97 9.16 7.86 8.99 7.71
15 1.57 5.29 1.54 5.18 NA NA NA NA 43 9.51 13.95 9.52 13.96 3.36 6.52 3.35 6.51
16 1.95 8.98 1.95 9.00 2.42 9.53 2.43 9.58 44 11.00 3.79 11.16 3.85 10.42 3.48 10.43 3.48
17 1.41 7.87 1.41 7.86 1.63 7.64 1.63 7.64 45 19.98 10.12 20.10 10.19 27.06 9.62 27.19 9.67
18 18.74 12.30 20.20 13.26 4.93 5.27 4.90 5.24 46 1.89 2.57 2.14 2.91 NA NA NA NA
19 3.41 7.43 3.42 7.45 4.30 7.40 4.30 7.42 47 12.89 9.06 12.81 9.00 17.66 8.49 17.31 8.32
20 12.01 7.25 12.00 7.25 15.51 7.04 15.52 7.05 48 13.31 12.98 13.73 13.39 18.89 11.89 19.52 12.28
21 31.59 10.85 31.52 10.83 44.78 10.12 44.70 10.10 49 6.44 8.03 6.43 8.02 3.85 6.97 3.86 6.98
22 11.06 7.49 11.06 7.49 16.18 7.39 16.20 7.40 50 3.84 12.94 3.82 12.88 5.61 13.74 5.58 13.66
23 24.78 9.75 25.75 10.12 32.53 9.67 33.90 10.07 51 2.25 4.86 2.37 5.12 NA NA NA NA
24 7.64 9.09 7.65 9.10 7.22 7.30 7.21 7.30 52 10.19 10.38 10.21 10.41 14.36 10.76 14.38 10.77
25 5.08 5.86 5.06 5.84 6.78 6.39 6.74 6.35 53 13.62 5.81 14.08 6.01 17.91 6.28 18.58 6.51
26 5.10 8.04 5.08 8.00 3.83 5.66 3.81 5.63 54 3.15 4.28 3.15 4.29 NA NA NA NA
27 66.57 6.59 66.86 6.61 95.16 6.11 95.58 6.14 55 77.86 8.91 78.79 9.02 103.13 8.87 104.39 8.98
28 3.83 11.61 3.83 11.59 5.24 10.64 5.23 10.62 56 1.95 4.85 1.93 4.81 NA NA NA NA
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4.6. Robustness test

In order to test the robustness of our empirical findings, we repeat the analysis under two scenarios. First, we replace VIX with
two other stock market indices, the MSCI world index and the S&P 500 index, and repeat the Granger causality tests to investigate
whether our findings still hold. Second, we repeat the out-of-sample forecasting with monthly data to examine whether our find-
ings are still valid on a longer prediction horizon.17

Table 10 reports the results of the robustness test.18 Panel A reports the Granger causality test results, while Panel B reports
the results for the out-of-sample forecast. In order to conserve space, we only report the results of Granger causality test from
the leading market (MSCI and S&P 500) to sovereign CDS in Panel A.19 The results reported in Table 10 clearly show that
when we replace VIX with the MSCI index or the S&P 500 index, strong Granger causality results from the MSCI and S&P 500
indexes to CDS continue to hold. For example, the type 3 Granger causality test is significant for 100% (97.92%) of the countries
under model (4) for the MSCI (S&P 500) index. They are very close or stronger than the corresponding percentages when VIX is
used. This suggests that our findings are robust with respect to the choice of leading market proxy. When the data frequency
changes to monthly data, we still observe quite significant causality results, although they are not as strong as for daily data.20

The results of out-of-sample forecasts in Panel B reveal similar findings. For example, when the MSCI (S&P 500) index is used,
80% of the countries have RMSE in percentage below 10.70% (10.24%) during the whole period, and below 10.24% (10.68%) during
the crisis period.
17 Thank you to an anonymous referee for proposing these suggestions.
18 When running theGranger causality test followingHong (2001) andHong et al. (2009), we use the log-changes of stock index, since they are commonly used in the
literature as the measure of stock market return.
19 The other results are available upon request.
20 The procedure usedwas exactly the same aswith the daily data, but applied tomonthly average CDS spreads series and VIX series. In out-of-sample forecasting, the
initial period used for estimating the model parameters was the first 40 months (due to insufficient data points) and the rest of the period was used for the out-of-
sample predictions. Considering the number of parameters to be estimated in the ECM in the case ofmonthly data, we had to restrict the sample to only those countries
which had data for at least 70 months. As a result, the sample size was dropped from 56 (with daily data) to 35 (with monthly data).



Table 10
Robustness tests. This table reports the results of robustness tests.We consider two different types of robustness check. One is to replace VIXwith theMSCIworld index
or S&P 500 index. The other is to test the causality and out-of-sample forecast atmonthly frequency. Panel A reports the results of the causality test from leadingmarket
to sovereignCDS,while Panel B reports the results of the out-of-sample forecast. Under theGranger causality test framework,M1means themodel that does not control
for the local factors, whileM2means themodel that controls for local factors. RMSE3W% is the percentage of out-of-sample rootmean square error (RMSE)with respect
to the mean of the sovereign CDS spreads calculated over the whole forecast period for Eq. (3). RMSE3R% is the percentage of RMSE with respect to the mean of the
sovereign CDS spreads calculated over the financial crisis period for Eq. (3). RMSE4W% and RMSE4R% refer to the corresponding measures based on Eq. (4). The recent
financial crisis period is considered as July 2007 to September 2009 following Dick-Nielsen et al. (2012), and Friewald et al. (2012). We do not calculate the results of
Granger causality in VaR for monthly data since the number of observations is not enough.

Panel A. Granger causality test from leading market to sovereign CDS

Model Test % of sig.

Daily Monthly

MSCI S&P500 VIX

ECM Type 1 (Model (3)) 89.36 79.17 51.43
Type 1 (Model (4)) 85.11 79.17 42.86
Type 2 (Model (3)) 100.00 100.00 48.57
Type 2 (Model (4)) 97.87 97.92 60.00
Type 3 (Model (3)) 100.00 100.00 71.43
Type 3 (Model (4)) 100.00 97.92 77.14

Granger causality (Hong, 2001; Hong et al., 2009) In mean (M1) 89.29 96.43 73.21
In mean (M2) 89.29 94.64 62.50
In variance (M1) 51.79 53.57 17.86
In variance (M2) 53.57 57.14 16.07
In VaR (M1) 39.29 32.14 NA
In VaR (M2) 37.50 37.50 NA

Panel B. Out-of-sample forecast of sovereign CDS

Horizon Data RMSE Mean Percentile

20% 40% 60% 80%

Daily MSCI RMSE3W% 7.90 4.76 7.32 8.86 10.71
RMSE4W% 8.04 5.06 7.46 8.94 10.70
RMSE3R% 8.25 6.11 7.20 8.81 9.95
RMSE4R% 8.31 6.13 7.21 8.86 10.27

S&P500 RMSE3W% 7.87 4.90 7.47 8.90 10.24
RMSE4W% 8.02 4.92 7.54 8.97 10.34
RMSE3R% 8.68 6.25 7.56 9.47 10.68
RMSE4R% 8.68 6.25 7.56 9.47 10.68

Monthly VIX RMSE3W% 55.61 34.86 42.44 50.77 72.26
RMSE4W% 55.61 37.40 42.31 54.70 72.09
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5. Conclusion

This paper studies the Granger causal relationship between the sovereign CDS spread and a leading market indicator, VIX, and
local factors, BYD and CUR, in 56 countries over the period 2001–2010. VIX is found to be the most dominant and significant fac-
tor. Using an ECM, we document a very strong unidirectional spillover effect from the S&P index options market to the sovereign
CDS market. The Granger causality in mean from VIX to the sovereign CDS spread is significant for 98% of the countries. The
results do not change much even if the local factors, BYD and CUR, are used as the controlling factors. Our findings are consistent
with the spillover literature, which suggests that information gradually spills from a leading market to other markets. The Granger
causality from VIX to the sovereign CDS market provides evidence of how information is transmitted between markets. Our find-
ings are also consistent with the view that global shocks first affect the more liquid markets, such as the S&P index options mar-
ket, before spilling over to other less liquid markets. This study provides evidence of the importance of liquidity and how it affects
the price efficiency of financial markets. We also find a Granger causality effect in mean from the BYD and CUR to the sovereign
CDS spreads, but it is not as strong as VIX. The ECM results suggest that both local and global factors contribute to the price dis-
covery of the sovereign CDS spreads.

We further investigate the effect of the VIX on sovereign CDS spreads using the Granger causality tests proposed by Hong
(2001) and Hong et al. (2009). These tests are robust to conditional heteroskedasticity and are used to test for Granger causality
in mean, variance, and downside risk. We find evidence for a strong unidirectional Granger causality in mean, variance, and
downside risk from the S&P index option market to the sovereign CDS market. These findings further confirm the Granger cau-
sality in mean results from VIX to the sovereign CDS spreads produced by the ECM. Furthermore, Hong (2001) and Hong
et al.'s (2009) tests identify the sovereigns that are subjected to small risk spillovers and extreme downside risk spillovers. On
the other hand, we find little evidence of reverse Granger causality from sovereign CDS to VIX. Taken together, these results
show that the nature of the Granger causality is unidirectional, flowing from the S&P index option market to the sovereign
CDS markets.
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Fig. 2. The actual versus out-of-sample predicted CDS spreads for Norway from July 11, 2005 to September 30, 2010. Models (3) and (4) are fitted using the first
500 observations of actual CDS spread data of Norway initially. The out-of-sample forecasts are made starting from the 501st day. This graph illustrates the ob-
served CDS spread of Norway (country with the lowest RMSE value in Table 7) and the one-day-ahead predicted values from models (3) and (4) before, during,
and after the crisis period.
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The sub-period analysis documents a significant increase of spillover during the crisis period. The results of all the tests show a
higher percentage of significance during the crisis. This provides robust evidence of a contagion effect on the sovereign CDS market.
The results using physical expected volatility and variance risk premium show that both components are helpful in price discovery of
the sovereign CDS spreads.

Evidence of a spillover effect suggests that past changes in VIX may improve the predictability of future changes in sovereign
CDS spreads. The out-of-sample forecast results show that introducing the VIX could help reduce the forecast errors of the daily
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Fig. 3. The actual versus out-of-sample predicted CDS spreads for Pakistan from September 12, 2006 to September 30, 2010. Models (3) and (4) are fitted using the
first 500 observations of actual CDS spread data of Pakistan initially. The out-of-sample forecasts are made starting from the 501st day. This graph illustrates the
observed CDS spread of Pakistan (country with the highest RMSE value in Table 7) and the one-day-ahead predicted values from models (3) and (4) before, dur-
ing, and after the crisis period.
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Fig. 4. The actual versus out-of-sample predicted CDS spreads for US from November 10, 2009 to September 30, 2010. Models (3) and (4) are fitted using the first
500 observations of actual CDS spread data for the US initially. The out-of-sample forecasts are made starting from the 501st day. This graph illustrates the
observed CDS spread for the US and the one-day-ahead predicted values from models (3) and (4) after the crisis period from November 10, 2009 to September
30, 2010. Note that no prediction is made before or during the crisis, as these data are used to estimate models (3) and (4) initially.
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sovereign CDS spreads to below 14% in 98% of the countries if both long-run relationship information and short-run change informa-
tion are used. During the financial crisis period, VIX reduces the forecast error to below 14% in 93% of the countries in the sample. The
contribution of VIX in the transmission of information to the sovereign CDS market is still very significant during the recent financial
crisis period. Our results show that the sovereign CDS spreads are Granger-caused by the VIX, confirming the presence of a spillover
effect from the leadingmarket to the sovereign CDSmarket. An important insight of this study is that VIX provides useful information
for forecasting the future change in sovereign CDS spreads before, during, and after the financial crisis.

There are several open questions for future research. This paper finds evidence of spillover with a large sample using a long time
period. The variables that affect the magnitude of spillover in individual countries could be an interesting research question. In addi-
tion to BYD and CUR, more local macroeconomic variables could be used as the controlling variables in future research. It may also be
possible to combine the spillover effect into the pricing of CDS.

Appendix A. Granger causality test in mean

Consider the following process:
εit ¼ Yit−E YitjI1t−1ð Þ; i ¼ 1;2; ðA1Þ
where εit=hit
1/2ξit, and ξit satisfies
E ξit j Iit−1ð Þ ¼ 0 a:s; E ξ2it j Iit−1

� �
¼ 1 a:s: ðA2Þ
Assuming it follows a GARCH (p,q) process, the centred standardized residuals can be calculated from ût ¼ ε̂1t=ĥ
1=2
1t , and

v̂t ¼ ε̂2t=ĥ
1=2
2t . The sample cross-correlation function is obtained as ρ̂uvð jÞ ¼ ½Ĉuuð0ÞĈvvð0Þ�

−1=2
Ĉuvð jÞ;where j is the number of lag or-

ders, and Ĉuvð jÞ denotes the sample cross-covariance function which is in the following form:
Ĉuv jð Þ ¼
T−1 XT

t¼ jþ1
ût v̂t− j; j ≥ 0

T−1XT
t¼ jþ1

ût v̂t ; j b 0

8<
:

9=
; ðA3Þ
and Ĉuuð0Þ ¼ T−1∑T
t¼1û

2
t ; Ĉvvð0Þ ¼ T−1∑T

t¼1v̂
2
t :

Hong (2001) proposes the following test statistic to test unidirectional Granger causality in mean:
Q1 ¼ T
XT−1

j¼1
k2 j=Mð Þ ρ̂2

uv jð Þ−C1T

h i
= 2 D1T½ �1=2; ðA4Þ

Image of Fig. 4
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where k(∙) is the kernel function that gives weights to cross-correlation coefficients, M is a lag truncation number under some
specifications of k, and C1T and D1T are functions of k as follows:
C1T ¼
XT−1

j¼1
1− j=Tð Þ k2 j=Mð Þ; ðA5Þ

D1T ¼
XT−1

j¼1
1− j=Tð Þ 1− jþ 1ð Þ=T½ � k4 j=Mð Þ: ðA6Þ
Under regular conditions, Hong (2001) shows that Q1→N(0,1) in distribution under the null hypothesis of noGranger causality in
mean. Hong (2001) also proposes the following test statistic to test bidirectional Granger causality:
Q2 ¼ T
XT−1

j¼1−T
k2 j=Mð Þ ρ̂2

uv jð Þ−C2T

h i
= 2 D2T½ �1=2; ðA7Þ
where
C2T ¼
XT−1

j¼1−T
1−j jj=Tð Þ k2 j=Mð Þ; ðA8Þ

D2T ¼
XT−1

j¼1
1−j jj=Tð Þ ½ 1− jj j þ 1Þ=Tð �k4 j=Mð Þ: ðA9Þ
Hong (2001) shows that Q2 also follows N (0,1) under the null hypothesis.

Appendix B. Granger causality test in downside risk

The sample cross-covariance function of the indicator series { Z1t,Z2t} is defined as
Ĉ jð Þ ¼
T−1 XT

t¼1þ j
Ẑ1t−α̂1

� �
Ẑ2 t− jð Þ−α̂2

� �
;0≤ j≤T−1

T−1 XT
t¼1þ j

Ẑ1 tþ jð Þ−α̂1

� �
Ẑ2t−α̂2

� �
;1−T ≤ j≤0

8><
>:

9>=
>;; ðB1Þ
where Ẑit ¼ I ð Yitb−Vit Þ and α̂i ¼ T−1 ∑T
i¼1Ẑit. Thus, the sample cross-correlation function between { Z1t } and { Z2t } is calcu-

lated as
ρ̂ jð Þ ¼ Ĉ jð Þ=Ŝ1Ŝ2; j ¼ 0;�1;�2;…;�T−1; ðB2Þ
where Ŝ2i ¼ α̂i ð 1−α̂i Þ denotes the sample variance. Hong et al. (2009) propose a test statistic similar to Q1 to test the unidi-
rectional Granger causality in VaR, and the Q2 statistic to test bidirectional Granger causality. Under regulatory conditions, both Q1

and Q2 follow an asymptotic standard normal distribution with zero mean and variance one.
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