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1. Introduction

The international information transmission mechanisms across mar-
kets, through both returns and volatility, have theoretical significance
and a wide range of practical implications. The phenomenon of volatility
spillovers occurs when volatility in one market triggers volatility in other
markets. This effect can be particularly visible during periods of turmoil
which diminishes the benefits of international portfolio diversification
for investors. It is further amplified by the recent technological advances,
which have increased the accessibility of foreign information for domestic
investors and speeded up information flows. The investigation of return
and volatility spillovers between stock markets within various geograph-
ical regions is an important topic, which contributes to our knowledge
about global financial interconnectedness.

There are various fields of literature to which the analysis of return
and volatility spillovers is related, for example, the literature on financial
contagion, hedging, asset allocation, and stock market efficiency. Ideas of
transmission of volatility across markets underpinned the “heat waves”
and “meteor showers” hypotheses postulated by Engle, Ito, and Lin
(1990) and have natural implications in the analysis of predictability of
stock market returns (see, e.g., [brahim & Brzeszczynski, 2009, 2014,
among others). Indeed, while return and volatility spillovers can limit
the benefits of global diversification, the knowledge about international
information transmission mechanisms can provide the opportunity to

* Corresponding author.
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predict the behavior of a domestic market by using foreign information.
Therefore, the estimation of directional return and volatility spillovers is
important in understanding the channels of intra- and inter-regional in-
formation transmission, which can be used to create successful trading
strategies.

Although the return and volatility spillovers across stock market indi-
ces have been actively studied over the last two decades, this topic is even
more relevant now due to its practical significance and the nature of vol-
atility itself which varies over time. However, the existing empirical evi-
dence about intra- and inter-regional return and volatility spillovers
around financial crises mainly focuses on the information transmission
across the largest developed stock markets. For example, the markets in
Japan, the UK, and the USA were considered in the early literature by
Engle et al. (1990), King and Wadhwani (1990), Becker, Finnerty and
Gupta (1990), Hamao, Masulis and Ng (1990), or more recently by
Ibrahim and Brzeszczynski (2009, 2014), to name but a few. On the
other hand, globalization and the development of new technologies
have caused an increase in the integration of emerging markets with
the world economy. This effect has many practical implications. For ex-
ample, the increasing economic integration of emerging and developed
stock markets has become a crucial issue for portfolio managers because
volatility spillovers tend to diminish the opportunities for international
diversification in emerging economies. Moreover, the global financial cri-
sis (GFC), together with the European debt crisis (EDC), has resulted in a
new wave of academic literature on contagion and stock market integra-
tion in the periods before, during and after these episodes. Therefore, we

1057-5219/© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.irfa.2015.09.004&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.irfa.2015.09.004
http://dx.doi.org/10.1016/j.irfa.2015.09.004
http://creativecommons.org/licenses/by/4.0/
http://www.sciencedirect.com/science/journal/10575219

L. Yarovaya et al. / International Review of Financial Analysis 43 (2016) 96-114 97

contribute to this knowledge by providing the analysis of cross-border re-
turn and volatility spillovers around the most recent crisis episodes,
which includes both developed and emerging markets.

The purpose of this paper is to analyze the return and volatility spill-
overs across 21 emerging and developed markets in order to explore
the new geography of financial information transmission mechanisms
across countries around the recent crisis episodes. The markets selected
for our sample represent the broad regions of Asia, the Americas,
Europe, and Africa. Therefore, the primary contribution of our research
to the literature is the investigation of volatility spillovers in the sample
which is not restricted only to developed markets (see, e.g., Beirne &
Fratzscher, 2013; Beirne et al, 2013; Cho, Hyde & Nguyen, 2014; Diebold
& Yilmaz, 2009, 2012; Singh, Kumar & Pandey, 2010; Syriopoulos, 2007;
Worthington & Higgs, 2004).

Another important contribution of our study is the use of futures
data. The question of which data is appropriate to use in analyses of in-
ternational information transmission and global market linkages is still
a matter of debate between academics and supervisory bodies. Gagnon
and Karolyi (2006) provide a comprehensive summary of academic lit-
erature on global market linkages. They reveal that analysis of stock in-
dices is the primary focus of spillover studies. Various studies apply
different data frequencies, such as weekly, daily (close-to-close, open-
to-close, or close-to-open returns), or higher frequency intra-day data.
However, all these papers used stock indices data to investigate interna-
tional information transmission. Our findings presented in this study
suggest that employing stock indices data only limits understanding of
the practical implications of empirical results because the trading strat-
egy based on investing in various stock indices is an approximation that
only makes sense in a theoretical context. In reality, stock indices cannot
be traded by investors as financial instruments. Investors with diversifi-
cation goals can only buy constituent stocks (which is costly but also
time-consuming) and such trades are not possible to execute in a single
transaction, which on the other hand can be done using stock index fu-
tures (Subrahmanyam, 1991). Employing stock index futures data in
analysis of international information transmission is more realistic
from the point of view of the construction, testing, and execution of ac-
tual trading strategies and, therefore, the results of such empirical re-
search are more useful for practitioners. Hence, in this paper, we go
beyond the investigation of return and volatility spillovers across stock
markets using only the data for indices, and we employ both stock indi-
ces and stock index futures data to compare the differences between
them. Although existing literature employed futures data in the analysis
of spillovers and addressed several important issues in finance, the evi-
dence about global return and volatility transmission across futures
markets is still very limited.! Therefore, our findings provide a novel
contribution to the existing literature.

Futures can offer several obvious advantages for investors, such as
lower costs of trading or high trading volume (i.e., high liquidity). There-
fore, from the perspective of international information transmission
mechanisms, futures markets can provide more efficient channels of
transmission of information flows. The findings of this paper are also par-
ticularly relevant to a broad range of practitioners, such as active portfolio
managers, various institutional investors, and liquidity traders. Further-
more, Antoniou, Holmes, and Priestley (1998) argue that the volatility
of futures increases the volatility of the underlying spot markets, which
has prompted the public to blame futures trading for the intensity of
the financial distress witnessed during the crisis episodes; hence, the

! The first group of studies focuses on commodity futures, rather than financial futures,
contributing to the literature on hedging (see, for example, Lau & Bilgin, 2013). The second
major group of studies considers the relationship between spot and related futures mar-
kets (Gannon, 2005; Harris, 1989). However, these papers do not provide a cross-
country perspective on return and volatility transmission. Only a few papers consider
futures-spot relationships in the context of global financial markets interdependencies
(Antoniou, Pescetto, & Violaris, 2003; Kao, Ho, & Fung, 2015). In addition, evidence in
the majority of papers is still restricted to developed countries, which again exemplifies
the contribution of this research.

difference in observed patterns of information transmission between
models employing index and futures data provided in our study is also
relevant to policy makers and financial regulators.

In summary, this paper contributes to existing knowledge in three
important areas. First, we provide empirical evidence from both stock
indices and stock index futures data about differences in information
transmission mechanisms. Our analysis contributes to the emerging lit-
erature, which employs alternative data to simple stock indices in the
analysis of international information transmission effects. Our findings
suggest that employing futures data makes the results more practically
applicable in the construction of trading strategies based on transmis-
sion of foreign information. Second, the methodology of Diebold and
Yilmaz (2009, 2012) is utilized to explore the new geography of finan-
cial linkages through an analysis of both intra- and inter-regional return
and volatility spillovers across 21 developed and emerging markets
from four regions: Asia, the Americas, Europe, and Africa. Third, we pro-
vide evidence about the changing intensity of return and volatility spill-
overs around the most recent crisis episodes with respect to structural
breaks in the volatility of both futures and spot markets returns,
which contributes to the contagion literature. The conclusions from
our study are also important for policy makers and financial regulators
because they provide a global perspective on spillovers across financial
markets from 2005 to 2014. This is crucial to an enhanced understand-
ing of the new requirements for financial regulation.

The remainder of the paper is organized as follows: Section 2 out-
lines the methodology, Section 3 describes the data, Section 4 presents
the empirical results, and Section 5 offers conclusions and outlines po-
tential directions for further research.

2. Methodology

In this study, we apply the Diebold and Yilmaz (2009) methodological
framework, which provides separate measures of return and volatility
spillovers based on forecast error variance decompositions from a vector
autoregressive (VAR) model. However, due to the fact that it relies on the
Cholesky factor identification of VAR, the results may be dependent on
variable order. Subsequently, Diebold and Yilmaz (2012) replaced the
Cholesky factorization on KPPS (Koop, Pesaran, & Potter, 1996; Pesaran
& Shin, 1998) variance decomposition, allowing the above methodologi-
cal limitation to be avoided but retaining all the advantages of their gen-
eral framework. In this paper, therefore, we estimate return and volatility
spillovers using a generalized vector autoregressive following the Diebold
and Yilmaz method (2012).

A covariance stationary of N-variable VAR (p) can be described as
follows:

p
Xe = ¥iXei+&, M

where X, is a vector of returns or vector of volatilities of either spot or
futures markets in our sample, i; is a parameter matrix and £~(0,Q)
is a vector disturbance.

The moving average representation of the VAR is given by

Xe=>"" Aigei @)
Qi =1 Ai1 + A2 + YAy, 3)

where Ay being an N x N identity matrix and with A; = 0 fori < 0.
N-variable VAR variance decomposition, introduced by Sims (1980),
allows for each variable X; to be added to the shares of its H-step-ahead
error forecasting variance coming from shocks of variable X;
(where Vi=j for each observation). The record of these cross-variance
shares, under investigation in this paper, provides information of spill-
overs from one market to another. Additionally, the Diebold and
Yilmaz (2012) framework allows for the examination of how variable
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X; depends on its own shocks, and for a calculation of total volatility
spillover.

As has been mentioned above, the employed framework relies on
KPPS H-step-ahead forecast error, which is invariant to the ordering,
and can be defined for H = [1, 2...+), as

H-1
oS (e’
H-1 ’

heo ( e;AhQAhe,-)

9E(H) = @)

where Q is the variance matrix for the error vector ¢, 0j; is the standard
deviation of the error term for the jth equation and e; is the selection
vector with one as the ith element and zero otherwise. ) '}':1 B(H)#1.
This means that the sum of the elements in each row of the variance de-
composition is not equal to 1. The normalization of each entry of the
variance decomposition matrix by the row sum made as

95(H)
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where Z?’:] f?lgj(H) =1and Z?’j:] f9§(H) =N.

The total volatility contributions from KPPS variance decomposition
are used to calculate the total spillover index:
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Similarly, directional spillover indices are calculated to measure spill-

overs from market i to all markets j and reverse direction of transmission
from all markets j to market i, using Eqgs. (7) and (8), respectively,

N ~
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SE(H) x 100 (6)

% 100 (8)

The difference between total shocks transmitted to market i and
those transmitted from market i to all markets is defined as net volatility
spillover (Egs. (7) and (8)). In a similar way, net pairwise spillovers are
calculated for each K pairs of markets in the sample:
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The total spillover index is applied to investigate the global and re-
gional trends of spillover activity around the crisis episodes, while direc-
tional spillovers are used to demonstrate how much each market
contributes to all the other markets, providing information about the
channels of intra- and inter-regional information transmission across
the selected markets.

3. Data

Twenty-one stock markets were selected for empirical investigation
of return and volatility transmission. The data sample contains 10

developed and 11 emerging markets from four geographical regions:
Europe (United Kingdom, Germany, France, Spain, Switzerland, Russia,
Hungary, and Turkey), Africa (South Africa), Asia (Hong Kong, Japan,
Singapore, South Korea, China, India, Taiwan, and Malaysia), and the
Americas (Canada, USA, Mexico, and Brazil). We used market value
weighted indices, which were denominated in local currency. The open-
ing, closing, and high and low prices of market indices were obtained on
a daily basis from the Bloomberg database for the period October 3,
2005, to October 3, 2014. Open-to-close returns for working days
were calculated using 2350 observations (see Table 1 for descriptive
statistics).

In a similar way, the daily opening, closing, high and low prices of
stock market index futures were obtained from the Bloomberg data-
base for the period October 4, 2010,% to October 3, 2014, providing
1045 observations of daily futures returns. Several futures contracts
were available for each stock market during the year with various ma-
turity dates. The tickers of futures contracts employ abbreviations for
both the contract and its expiration date. The first two letters represent
the contract, the third letter represents the contract expiration month,’
and a fourth figure represents the expiration year. For example, the fu-
tures contract with DAX 30 as underlying index and delivery date of
December 14, 2014, has a ticker GXZ4, where GX represents the con-
tract, Z represents December, and number 4 represents the year. For
this research, prices of futures contracts with the closest expiration
dates were obtained due to higher trading volume on these securities.
All returns were calculated as a difference of natural logarithm of clos-
ing price and natural logarithm of opening price. The stock market
returns on nonsynchronous holidays were assumed to be zero. Zero
returns on nonsynchronous holidays reflect actual returns on
nontrading days.

The basic statistics for the stock markets returns and volatility for the
whole estimation period are presented in Table 1, while Table 2 pro-
vides a comparison of descriptive statistics for futures and spot market
returns for a subsample from October 4, 2010, to October 3, 2014.
Both Tables 1 and 2 show that the means for futures and spot markets
are close to zero. The analysis of skewness indicates that there are
both positively and negatively skewed time series in the sample.
The analysis of kurtosis demonstrates the high value of kurtosis of
stock indices data (i.e., there are sharp peaks in stock indices returns)
for the whole estimation period and significantly lower kurtosis
for the subsample period. There is a high frequency of extreme values
of returns for both spot markets and futures markets. The Jarque-
Bera statistics reject null hypotheses for all markets; therefore all series
are not normally distributed. The Lagrange multiplier test of Engle
(1982) was employed to test series on autoregressive conditional
heteroskedasticity. The test indicated the existence of the ARCH effect
for the majority of time series.

The Ljung-Box test statistics at lag 10, Q (10), provide evidence of
autocorrelation for the series. The Augmented Dickey-Fuller (ADF)
and the Phillips-Perron (P-P) stationarity tests indicate that all series
in the sample are stationary.* Analysis of volatility is sensitive to the
measure of volatility that is used. The advantages of range estimators
over classical estimators of volatility are widely discussed in literature
(Garman & Klass, 1980; Parkinson, 1980; Rogers & Satchell, 1991,
Yang & Zhang, 2000).> The Rogers and Satchell (1991) volatility estima-
tor has been used because it is more efficient than classical volatility

2 The time period for futures data analysis starts on 4™ of October 2010 due to the data
availability for futures markets of some emerging countries in the sample.

3 Expiration Month Symbol Codes are January - F; February - G; March - H; April - J;
May - K; June - M; July - N; August - Q; September - U; October - V; November - X;
December - Z.

4 Tables with results are available upon request.

5 The range estimators use information on daily trading range- the difference between
the high and low prices for a particular security over certain time interval, while classic
volatility estimators use close-to-close prices.



Table 1

Descriptive statistics for stock indices returns and volatility.

Stock market volatility

Stock market returns

ARCH

LB (10)

JB

Skewness Kurtosis

Variance

0.014328
0.013336
0.004269
0.021389
0.003536
0.002139
0.007780
0.015594
0.012026
0.012960
0.012595
0.019325
0.008090
0.024423
0.024514
0.017911
0.039454
0.007291
0.008971
0.020044
0.039030

Mean

ARCH

LB(10)
91.8201
35.5222

JB

Kurtosis
16.1201

Skewness

Variance

Mean

Series

158.943
263.393

76.7253

12876.7242

11.4524
12.5664
11.8934

—0.2953

—0.004169
—0.000017
—0.000788
—0.016895
—0.004912
—0.004807

157.314
286.389
104.949
43.425
142.246
74.252
48.660
34.797
132.823
57.011
72.710
48.751
113.169
67.104
69.073
107.821

25493.5808

0.3549
—0.6787

0.000125
0.000140
0.000109
0.000272
0.000118
0.000038
0.000091
0.000236
0.000154
0.000151
0.000146
0.000191
0.000085
0.000469
0.000210
0.000165
0.000283
0.000108
0.000156
0.000174
0.000310

—0.000473
—0.000285
—0.000160

HKG

JPN

Hong Kong

Japan

57.1156
41.7884
53.1365
743752

15548.8086

0.4698
—0.7551

25628.9362

16.1214

89.899
78.276
54.251
57.714
50.153
21.783
131.945
101.548
141.437

14073.9622

29.9749
23.5777
38.2961

7330.3267
1041.7141
10449.2169

8.6447
31777
103114

0.1811
—0.3677
—0.3125
—0.5187
—0.0688

SGP

Singapore
China

792.3373
5117.9790
3058.6343

998.1450
5821.6206
3566.4275
2798.0486
1297.2925
2580.4548
3572.5844
8718.9497
1118.9833

892.2639

176.8326
7275.7335
9841.4621
1856.0491
1590.5435

2.8325
7.2053
5.5741
3.1831
7.6859
6.0276
5.3372
3.6399
5.1290
6.0383
9.3821
3.3378
2.9955
1.3433
8.6032
10.0198

0.1314
—0.2968
—0.2043

0.001117
—0.000389

CHN
KOR
MYS

South Korea
Malaysia
Taiwan
India

UK

17.0638
28.9523

7.0534 4976.7826 28.4938

4.3586
10.2232

0.000167
—0.001110

0.1241
—0.3091
—0.1506
—0.1500
—0.0050
—0.1077
—0.0797

0.002982
—0.005076
—0.003983
—0.007436
—0.004402
—0.010406
—0.002732
—0.001812
—0.001663
—0.007941
—0.009095
—0.004786
—0.006451
—0.008273
—0.007521

27.8881

1862.0193
10234.1755

24.9198

28.7833

0.0387
—0.1336

0.000018
0.000077
0.000013
—0.000384
—0.000248
—0.000190

IND

32.2127

51.0849
13.6901

6844.5464
7385.1895

8.3565
8.6713
4.2120
6.8150
6.6981
12.6419

GBR

10.8235
12.5694
12.3494
22.4355

0.2411
—0.3336

GER

FRA
ESP
Sul

Germany
France
Spain

23.1389

9.9383
19.0082
62.0699
35.5889
28.2537

1780.7115
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76.582
225418

4549.1029

0.0603
—0.3328
—0.4720
—0.4969
—0.1893

4436.4252
15736.0824

Switzerland
Russia

56.755
91415
138.439

30.6038

0.5053
0.2677
0.1867
0.0201
0.2693
0.1681
—0.0338
—0.1184

0.000008
—0.000771

44,6279

2232.2476
1505.4868
438.2098
11207.7173

4.6701
3.9028
2.0887
10.5876
10.8674

HUN
ZAF

Hungary

14.3253
29.5182

0.000450
—0.000214
—0.000198

South Africa
Turkey
Canada

USA

34.978
232.810

24.340
169.851

18.8890
28.1940
56.7757

—0.1678
—0.7688
—0.3998

TUR

85.0714
127.4640

CAN
USA

184.810

136.674
69.029
138.046

0.000230 11626.6857

0.000396
0.000201

92.139
185.261

17.3314
40.1095

4.3533
4.0234

28.7805

3903.2948
4583.3511

6.3094

6.8414

0.1175
—0.0313

MEX

BRA

Mexico
Brazil

13.6928

Note: The statistic is significant at the 1% level. ]B is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange multiplier test proposed

by Engle (1982).

estimators and it is drift independent, which is confirmed by Shu and
Zhang (2006)°:

8% = hi(he—ce) + e x (I—cy) (10)

where h, is the normalized high price, I; is the normalized low price and
¢, is the normalized closing price.

Daily volatilities were calculated for futures and spot markets using
Eq. (10), where all prices are transformed to a natural logarithm. Ac-
cording to ADF and P-P tests, all volatility series of both futures and
stock indices time-series are stationary. Descriptive statistics for volatil-
ity of stock indices are presented in Table 1.

Table 3 summarizes the descriptive statistics for volatility of futures
and stock indices for the subsample (October 4, 2010-October 3, 2014)
for comparison purposes.

4. Empirical evidence
4.1. Full-sample period analysis

The empirical results are presented in the form of spillover tables.
Table 4 reports “input-output” decomposition of spillovers indices for
stock markets returns, and Table 5 deals with volatility. In contrast to
Diebold and Yilmaz (2009) who report that return and volatility spill-
overs are of the same magnitude, we found that the total spillover
index for returns (71%) is higher than the estimated total spillover
index for volatility (56%)”; therefore, the magnitude of returns spill-
overs is higher than volatility spillovers. These differences in magnitude
in return and volatility spillovers are evident in all 21 markets in the
sample, but especially so for the emerging market of Taiwan, where
the results in the row, Contribution to Others, are 40.89% for return and
only 1.0% for volatility. Similar significant differences are evident in
Korea and India. The row Contribution to Others demonstrates which
stock market is the most influential in the data sample. While Rapach,
Strauss, and Zhou (2013), among others, argued that USA tends to be
the most influential market, in our sample, the UK stock market had
the highest value of spillovers (126%), with the American market only
second highest (116.28%). Among emerging markets, the highest return
spillover was detected from Mexico (101.14%), Brazil (102.30%), and
South Africa (82.76%). The lowest value of the return spillover index
(contribution to others) in the whole sample had China (18.88%) and
Japan (35.34%). Table 5 presents the results for volatility. For the major-
ity of markets, volatility spillovers are less intense than return spillovers
(the values of spillover indices are lower for volatility). The lowest mag-
nitude of volatility spillovers is detected in the channel from the emerg-
ing market of Taiwan to other markets, with 96.90% contribution from
its own market innovations and just 1.0% contribution to other markets
indicated. In contrast, the highest magnitude of volatility spillovers is
found across developed European countries, such as the UK, Germany,
France, Spain, and Switzerland.

The column From Others shows which market is the most sensitive
to external shocks. Tables 4 and 5 demonstrate the reverse direction
of spillovers (from all foreign markets to a domestic market), which
can be assessed by considering the entries of rows for each particular
market (horizontal entries). For both the UK and the USA, the value of
return spillovers from others markets is very high (84.48% and 81.30%,
respectively). The lowest value of spillovers from other markets has
the stock markets of China, with returns of 37.61%, and Taiwan, with a
volatility of 6.06%. Analysis of both Contribution to Others and From
Others together with other entries in Tables 4 and 5 provides an accurate

6 The underlying assumption of range estimators is that a security price follows a geo-
metric Brownian motion, deviation from which will affect the accuracy of estimators.
The Rogers and Satchell range estimator allows a nonzero drift in the continuous return
path and its accuracy is independent from the size of the drift. See Shu and Zhang
(2006) for more details.

7 This means that 76% and 56% of forecast error variance comes from spillovers.



Table 2

Descriptive statistics for futures and spot market returns for subsample: October 4, 2010-October 3, 2014.

Series Futures markets returns Stock indices returns
Mean Variance Skewness Kurtosis JB LB(10) ARCH Mean Variance Skewness Kurtosis JB LB(10) ARCH

HKG —0.000046 0.000080 0.0618 1.1555 58.7980 13.0745 2.394 —0.000597 0.000057 0.0893 1.2806 72.7962 13.4438 4.470
JPN 0.000480 0.000169 —0.6556 47114 1041.3870 16.3805 24.154 —0.000137 0.000090 —1.6491 15.8084 11354.9854 29.7982 11.236
SGP 0.000159 0.000072 —0.3024 1.5678 122.9537 15.3452 38.006 —0.000279 0.000038 —0.0836 3.0606 409.0767 26.3899 21.507
CHN —0.000392 0.000127 0.2648 29110 381.1743 14.5219 1.642 0.000505 0.000138 0.1319 2.3689 247.3805 26.8470 1.905
KOR —0.000098 0.000126 —0.2911 3.3975 517.3607 20.2770 34.838 —0.000594 0.000067 —0.3397 3.0478 424.5633 23.6268 43.478
MYS 0.000108 0.000029 —0.1166 3.5493 550.8823 26.6260 26.161 0.000079 0.000020 —0.3898 2.6076 322.5316 14.3407 13.824
TWN —0.000033 0.000053 —0.0360 29264 373.1069 43247 12.797 —0.000943 0.000050 —0.2162 2.8661 365.8240 10.4127 20.603
IND 0.000195 0.000127 0.0025 0.8236 29.5362 12.5795 6.187 —0.000592 0.000086 —0.1962 1.1581 65.0979 15.6000 13.007
GBR 0.000128 0.000071 0.0764 5.9787 1557.4057 23.6851 52.247 0.000148 0.000087 —0.2520 2.7385 337.6012 12.0960 35.966
GER 0.000171 0.000115 —0.1284 4.6299 936.2159 11.9011 27.224 —0.000007 0.000114 —0.3051 5.1555 1173.5130 10.4761 35.716
FRA 0.000063 0.000127 —0.1227 3.3390 488.0746 15.9620 30.758 —0.000073 0.000123 —0.3401 4.3407 840.5354 10.8930 39.755
ESP —0.000436 0.000189 —0.2483 3.2270 464.1624 10.0237 27.263 —0.000265 0.000191 —0.2302 3.3782 506.1530 10.8516 27.563
Sul 0.000205 0.000060 —0.0197 5.3376 1240.5632 34.1648 34911 0.000154 0.000056 —0.6668 9.3181 3858.0322 21.6241 87.975
RUS —0.000112 0.000307 —0.4624 3.3102 514.3454 10.9898 6.978 —0.000270 0.000253 —0.5510 43799 888.1439 15.8750 8.435
HUN —0.000332 0.000142 —0.3061 4.0806 741.3342 17.4160 20915 —0.000669 0.000134 —0.5972 42767 858.4762 16.3510 9.816
ZAF 0.000200 0.000068 —0.0667 2.1089 194.4341 20.5406 7.585 0.000486 0.000076 —0.2583 1.5491 116.1137 14.6892 18.665
TUR —0.000210 0.000261 —0.4160 3.0563 436.8775 13.5127 17.782 —0.000821 0.000213 —0.2444 1.1792 70.9443 8.9423 20.704
CAN 0.000090 0.000057 0.1112 3.7144 602.8902 22.7195 10.046 0.000076 0.000043 —0.2450 2.0801 198.8620 36.0817 22.583
USA 0.000624 0.000085 —0.3459 4.6806 974.7690 38.3841 67.243 0.000466 0.000084 —0.6238 6.7990 2080.5688 60.5330 102.785
MEX 0.000124 0.000071 0.0035 2.0844 189.1801 20.7434 25.722 0.000244 0.000084 —0.3603 3.7416 632.1834 24.4081 29.446
BRA —0.000545 0.000151 —0.0063 1.1523 57.8224 14.9228 27.267 —0.000249 0.000177 —0.2250 2.1131 203.2376 5.9161 20.161

Note: The ARCH effect is significant at the 5% level except China. ]B is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange

multiplier test proposed by Engle (1982). The mnemonics are defined as in Table 1.

Table 3

Descriptive statistics for futures and spot markets volatility for subsample: October 4, 2010-October 3, 2014.

Series Futures markets volatility Stock indices volatility
Mean Variance Skewness Kurtosis JB LB(10) ARCH Mean Variance Skewness Kurtosis JB LB(10) ARCH

HKG 0.000386 0.009363 —0.0630 1.1979 63.1762 11.8892 5.276 —0.002882 0.006420 —0.1291 0.9360 41.0449 12.0104 9.484
JPN —0.009450 0.018652 0.0637 42834 799.5783 35.3095 63.694 0.001266 0.008710 1.1064 11.6030 6075.1801 36.9934 6.881
SGP —0.001587 0.002983 —0.137252 2.5815 293.4543 17.1828 20.330 0.000084 0.001521 0.0031 2.5196 276.4165 17.1988 27.128
CHN 0.004447 0.007166 —04118 2.1245 226.0521 19.4956 2.801 —0.005264 0.010364 —0.1706 1.7891 144.4446 28.1497 8.987
KOR —0.001135 0.004377 0.1017 2.2535 2229112 22.9178 36.944 —0.003888 0.002616 0.0549 3.4046 505.2318 31.2248 22.216
MYS —0.002242 0.001904 —0.1656 3.6930 598.6087 17.8767 4720 —0.003903 0.001444 —0.2192 8.0613 2837.9047 20.9649 2.449
TWN —0.001614 0.004742 —0.0107 2.9641 382.5801 11.0855 22.440 0.002166 0.004752 0.2864 1.9069 172.6182 18.3977 10.077
IND —0.006421 0.01259 0.0022 0.3416 5.0805 20.2068 10.442 —0.002578 0.009459 —1.7065 24.7313 27138.8026 10.7680 0.268
GBR —0.007076 0.00453 —0.8378 10.7152 5121.5552 37.9671 23.159 —0.005115 0.007170 —0.0569 5.0409 1106.9674 13.5156 101.164
GER —0.009241 0.008648 —0.0734 52173 1186.1487 26.4371 43.191 —0.007196 0.010681 0.1694 3.6258 577.3993 20.2388 91.028
FRA —0.007977 0.008569 0.0201 3.5039 534.6449 14.2283 57.731 —0.005083 0.010509 0.1474 3.8727 656.8182 17.0136 118.796
ESP —0.004155 0.01774 0.2479 3.3201 490.6619 12.9842 63.807 —0.009820 0.019088 0.2172 3.2022 454.7002 10.2892 67.296
Sul —0.005528 0.004608 0.1859 9.1474 3649.3275 48.1257 96.113 —0.003827 0.005497 0.3274 10.1772 4528.4784 19.1657 239.042
RUS —0.006912 0.05249 0.1483 2.0545 187.6248 17.3527 16.352 —0.002503 0.014942 0.3330 2.6726 330.3341 11.4051 15.536
HUN —0.002759 0.012511 0.0304 2.2212 214.9848 16.4618 36.928 —0.002095 0.015453 0.3035 2.0920 206.5998 13.5072 17.991
ZAF —0.006675 0.00832 0.0362 1.3850 83.7470 21.0209 14.897 —0.009409 0.008869 0.1800 1.1618 64.4161 19.3637 19.844
TUR —0.001639 0.005904 0.0701 1.1532 58.7585 30.8709 21.024 0.003945 0.033920 0.0013 1.3558 80.0408 24.1537 30.699
CAN —0.004236 0.002987 —0.1655 3.0748 416.4431 37.5372 31.036 —0.004196 0.002730 —0.1811 3.5407 551.5798 46.2796 43.521
USA —0.009201 0.005559 0.0871 6.6460 1924.5497 38.9962 81.463 —0.008145 0.004676 0.4654 6.2085 1716.0575 58.5513 102.047
MEX —0.003315 0.009511 0.0230 1.6909 124.5825 17.4786 34.758 —0.005704 0.010399 0.2726 1.7412 144.9551 16.5366 29.023
BRA 0.003618 0.020939 —0.0896 0.5611 15.1079 16.1826 18.635 0.001355 0.022897 0.0605 0.5441 13.5270 12.1669 23.082

Note: The ARCH effect is significant at the 5% level except India. ]B is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange mul-

tiplier test proposed by Engle (1982).The mnemonics are defined as in Table 1.
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Table 4

Return spillovers across stock markets.

Asia

Europe and Africa

Americas

]:;fl{l(::t/ HKG JPN SGP CHN KOR MYS TWN IND Sum GBR GER FRA ESP Sul RUS HUN  TUR Sum ZAF CAN USA MEX BRA Sum (;if::s
HKG 31.92 364 1164 518 6.17 3.74 554 522 73.04 4.40 1.30 0.66 0.50 031  3.10 039 032 10.99 3.63 0.64 3.60 3.68 442 | 1234 | 68.08

JPN 3.94 35.66 458 1.04 8.88 1.62 433 252 | 6258 4.90 3.64 2.71 1.77 286 299 1.56  0.69 21.11 3.74 0.99 4.02 3.77 3.79 12.57 64.34

SGP 1120 376  28.68 2.16 6.67 5.11 540 643 [ 6941 4.87 1.98 1.22 1.19 080  3.92 055 0.80 1533 4.22 0.63 2.88 3.59 394 | 11.04 | 7132

= CHN 999 216 456 62.39 3.67 3.53 3.62 199 | 91.91 1.07 0.01 0.04 0.04 0.11 1.07 0.06 0.11 2.51 1.48 0.29 0.67 1.29 1.84 4.10 | 37.61
< KOR 6.92 9.09 740 214 3392 333 932 269 | 7481 3.66 1.13 0.58 0.38 039 323 049  0.61 10.47 3.73 1.08 3.51 3.00 3.40 | 1099 | 66.08
MYS 5.21 2.10 749 246 4.08 4259 480 433 73.05 3.63 134 130 1.01 0.78  3.01 121 084 13.13 3.40 1.13 2.01 3.62 3.66 | 1042 57.41

TWN 7.22 5.20 751 233 11.62 469 4068 182 | 81.08 2.87 0.63 0.56 0.36 040 238 018 0.25 7.64 3.15 1.00 2.72 2.01 241 8.14 [ 59.32

IND 5.62 1.95 745 118 2.68 2.85 1.52 3339 | 56.64 5.21 3.29 2.59 224 212 3.89 1.69 198 23.02 5.06 1.83 3.98 4.90 4.57 15.28 66.61
Sub-total 82,00 63.56 7933 7887 77.68 67.47 7522 5839 |582.52| 30.61 13.32 9.67 7.50 7.76  23.59 6.15 559 | 104.19| 28.41 7.59 2339 2587 28.03 | 84.88 | 490.77
GBR 2.10 1.32 261 025 1.50 1.22 0.85 227 1212 | 15.52 9.27 9.00 6.78 739 467 283 273 58.18 6.56 2.85 8.26 5.90 6.12 | 23.14 | 84.48

GER 076  0.22 1.16  0.00 0.50 0.28 0.12 1.27 431| 1021 17.04 13.62 10.02 963 3.54 430 339 71.74 4.76 2.03 7.22 521 474 | 19.20 | 82.96

g FRA 0.38 0.02 0.69 001 0.14 0.21 0.06  0.87 2.38 991 1354 1705 1198 1125 313 447  3.63 74.95 4.17 2.53 6.74 4.71 4.52 18.50 | 82.95
_‘é ESP 0.37 0.05 0.87  0.02 0.16 0.23 0.05 1.01 2.76 9.14 1222 1468 20.77 961 283 448 371 77.45 3.62 1.90 6.13 3.97 4.17 16.17 | 79.23
E Sul 026  0.01 050 0.04 0.13 0.17 0.08  0.80 2.01 986 11.65 13.63 955 2076 233 408  3.69 75.55 3.66 2.84 6.94 4.57 444 | 1879 | 79.24
5 RUS 243 1.67 317 043 2.10 136 123 277 15.16 7.46 5.77 478 3.57 295 2354 351 329 54.88 7.67 3.16 6.32 6.31 649 | 2229 | 76.46
a HUN 0.43 0.02 048  0.02 0.13 0.54 0.05 131 2.99 6.10 835 8.84 717 6.66 435 3282 471 79.01 4.09 1.92 4.48 3.68 3.84 | 13.92 67.18
TUR 030  0.02 095 0.01 0.53 0.36 023 166 4.06 6.34 7.12 7.67 6.37 6.59 479 509 3542 79.37 3.98 1.09 3.90 3.85 3.75 1259 | 64.58
Sub-total 7.04 334 1043 078 5.18 437 268 1197 | 45.79| 7454 8497 89.28 7621 7482 49.18 61.57 60.55 |571.13| 3850 1832 50.00 3820 38.07 |144.59 | 617.09
ZAF 235 1.78 3.00 045 2.14 1.55 136 299 15.62 8.88 6.15 532 3.74 394 658 252 229 39.40 | 20.27 4.06 6.77 7.00 6.88 | 24.71 79.73

CAN 050 0.18 045 0.07 0.24 0.37 023 024 2.28 4.66 4.21 5.27 3.26 487  0.81 160 0.89 25.58 212 36.01 15.04 9.63 935 | 70.03 63.99

é USA 1.81 0.60 1.80 0.10 1.26 0.68 046 147 8.19 8.31 7.68 7.33 5.46 6.17 294 244 198 4230 3.87 7.97 1870 9.78 9.19 | 4564 | 8130
E MEX 241 0.73 242 040 1.62 1.12 0.68 1.83 11.21 7.02 6.28 5.74 3.93 457  3.66 224 220 35.64 4.87 559 11.03 20.88 10.78 | 4828 79.12
< BRA 2.82 0.82 2.80 0.60 191 1.17 094 216 13.20 7.50 5.73 5.40 4.08 438 3.80 229 204 35.22 5.00 533 1004 10.66 20.54 | 46.58 79.46
Sub-total 754 232 746 117 5.03 3.34 231 570 | 3487 2749 2391 2374 1672 1999 11.20 857 7.1 |138.74| 1585 5490 5482 5095 49.87 |210.53 | 303.87
E)(;lr::‘;[’? 67.01 3534 7153 1888 56.12 3414 4089 4566 |369.57 [ 126.00 111.30 110.96 83.41 8576 67.01 4598 40.13 [670.55| 8276 | 82.76 11628 101.14 102.30 (368.58 | 1491.45
Ct)or\l;;ilzcl 9893 71.01 10021 8127 90.04 76.73 81.57 79.05 |678.80 | 141.52 128.34 128.01 104.18 106.51 90.55 78.81 75.54 |[853.46(103.03 | 103.03 134.98 122.02 122.85 [464.71 71.0%

Note: From others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j, including contribution from own innovations of market i. Other columns contain net pairwise (ij)th spillovers indices. Total return spillover index demonstrates that 71.0% of forecast error

variance comes from spillovers. The mnemonics are defined as in Table 1.
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Table 5
Volatility spillovers across stock markets.
/ Asia Europe and Africa Americas From
Region y
market HKG JPN  SGP  CHN KOR MYS TWN IND | Sum | GBR GER  FRA ESP  SUL RUS HUN TUR | Sum | ZAF | CAN  USA  MEX BRA | Sum | others

HKG | 46.82 408 16.37 5.45 0.02 6.14 0.01 0.01 78.89 191 0.92 0.99 0.57 0.67  2.80 0.32 0.51 8.69 | 206 | 162 285 272 3.17 1036 | 53.18
JPN 482 6135 5.48 1.70 0.06 2.81 0.08 0.04 76.34 3.23 2.28 1.82 137 1.89 298 137 0.43 1537 | 259 | 1.09 148 1.73 1.40 570 | 38.65
SGP | 16.60 425 4389 233 0.02 6.23 0.04 0.07 73.43 3.13 1.56 1.61 1.32 1.14 381 0.45 0.76 13.78 | 2.70 | 2.59 282 223 2.45 10.09 | 56.11

CHN 8.64 2.56 373 7792 0.10 3.37 0.05 0.06 96.43 0.17 0.02 0.06 0.03 005 038 0.18 0.21 111 0.29 | 047 0.31 0.65 0.74 2.16 | 22.08
KOR 0.10 0.09 0.06 0.17 9394 0.22 0.10 3.85 98.53 0.16 0.09 0.16 0.12 019  0.08 0.14 0.18 112 | 004 | 0.14 0.06  0.06 0.05 0.31 6.06

MYS 7.91 2.88 7.88 2.63 0.03  59.96 0.01 0.06 81.37 2.06 0.76 1.03 0.79 065 281 0.71 0.61 943 ( 224 | 1.60 144 178 2.14 6.96 | 40.04
TWN 0.03 0.03 0.30 0.39 0.03 0.02  96.90 0.06 97.76 0.32 0.29 0.18 0.19 022 017 0.12 0.04 153 | 025 | 0.07 0.09 0.19 0.12 0.46 3.10

IND 0.01 0.12 0.15 0.03 3.57 0.14 0.06 93.52 97.61 0.26 0.16 0.18 0.10 0.13 0.44 0.16 0.15 1.57 | 0.26 | 0.06 018 0.11 0.21 0.57 6.48

Sub-total 8494 7535 77.85 9062 9777 7888 9726 97.68 |700.36 | 11.24 6.08 6.03 4.48 494 1348 345 2.90 52.60 | 1042 | 7.65 924 947 10.26 | 36.63 | 225.70
GBR 0.79 0.39 1.18 0.04 0.01 0.63 0.04 0.09 316 | 1823 11.84 13.17 1033 1139 432 3.10 3.20 7559 | 6.10 | 3.81 494 318 3.22 15.15 | 81.77
GER 0.40 0.16 0.63 0.00 0.00 0.25 0.04 0.05 154 1217 1858 1592 12,06 1146  3.26 3.74 3.10 80.28 | 4.42 | 3.11 464 3.04 2.95 1375 | 81.42
FRA 0.37 0.08 0.58 0.01 0.01 0.24 0.04 0.05 136 | 1278 1506 17.65 1338 1190 335 3.59 3.09 80.81 | 464 | 3.11 438 282 2.88 13.19 | 8235
ESP 0.31 0.06 0.60 0.01 0.00 0.23 0.05 0.04 130 11.88 1353 1585 20.89 10.71 3.17 3.55 3.20 8278 | 430 | 274 391 2.38 2.59 11.62 | 79.11

Sul 0.34 0.03 0.47 0.01 0.01 0.20 0.05 0.06 1.17 | 13.01 1272 1397 1064 2078 259 3.26 322 80.19 | 433 | 332 480 312 3.07 1431 79.22
RUS 1.99 1.22 2.74 0.19 0.02 1.36 0.07 0.16 7.75 7.64 6.02 6.17 4.96 407 31.56 4.63 4.96 70.00 | 8.69 | 3.06 330 346 3.73 13.56 | 68.44
HUN 0.32 0.05 0.39 0.03 0.16 0.40 0.05 0.11 1.52 6.67 7.84 7.94 6.61 6.19 540 3827 4.49 8340 [ 516 | 220 288 240 2.45 992 | 61.73
TUR 0.29 0.07 0.63 0.07 0.04 0.43 0.07 0.09 1.68 7.34 6.90 7.38 6.41 6.56  6.50 476  40.57 86.43 [ 5.08 1.32 2.02 1.60 1.86 6.81 59.43
Sub-total 4.80 2.06 7.22 0.36 0.24 3.74 0.40 0.65 1948 [ 89.73 92,50 98.05 8528 83.06 60.14 6490 6582 |63948 (4273|2268 3087 22.00 2276 [ 98.32 | 593.47
ZAF 1.28 0.85 1.67 0.11 0.02 1.13 0.05 0.06 5.17 9.63 6.95 7.59 593 6.03 7.90 3.86 3.44 5134 [ 28.66 | 3.54 355  3.89 3.85 1483 | 71.34
CAN 0.93 0.37 1.28 0.11 0.00 0.64 0.07 0.02 3.41 6.09 4.88 5.23 3.90 474 187 1.22 0.72 28.65 [ 2.49 | 29.84 1598 938 1024 | 6545 | 70.16
USA 1.44 0.28 1.29 0.03 0.01 0.53 0.04 0.02 3.64 6.23 6.13 6.13 4.64 5.67 1.74 1.68 1.07 3329 ( 221 | 1426 2528 1065 1065 | 60.85 | 74.72
MEX 1.77 0.25 1.37 0.26 0.02 0.70 0.07 0.01 4.44 4.99 491 4.81 3.39 4.52 2.14 1.49 1.21 27.46 | 2.83 | 9.66 1287 3012 1261 65.26 | 69.88
BRA 2.05 0.21 1.58 0.32 0.01 0.72 0.00 0.06 495 4.98 4.64 4.83 3.66 440 212 1.57 1.16 2736 | 2.60 | 10.46 1243 1232 2988 | 65.09 | 70.12
Sub-total 6.18 1.10 5.52 0.72 0.03 2.59 0.19 0.11 1645 | 2229 2056 2099 1559 1934  7.88 5.96 4.16 |116.77 | 10.13 | 64.23 66.56 6248  63.39 [ 256.65 | 284.88

Asia

Europe and Africa

Americas

Co‘gggrsm 5038 1802 4837 1388 413 2638 100 498 | 167.15|11466 10751 11500 9039 9259 57.85 3990 3576 |653.65 | 6328 | 6826 8494 6772 7039 | 29131 | 117538
C‘(’)"‘;;lrld 9720 7937 9226 9180 9807 8634 97.90 9850 |741.45|132.89 12609 13265 11128 11337 8940 78.17 7633 |860.18 | 9193 [ 9809 11023 97.85 10027 | 40643 | 56.0%

Note: From others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total volatility spillover index demonstrates that 56.0% of forecast error
variance comes from spillovers. The mnemonics are defined as in Table 1.
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picture of cross-region and region-specific information transmission.
Moreover, the Subtotal rows capture total spillovers from market i to
all markets j from a specific region, while the Sum columns demonstrate
total spillovers from all markets j from a specific region to market i. Fur-
ther discussion on some of the most important findings of our research
to be essential to explain their theoretical and practical implications.
This has been done below.

The Asian region is characterized by a lower level of spillovers be-
tween stock markets within the region compared to Europe and the
Americas. The strongest return spillovers for all Asian markets come
from the UK. In regard to volatility spillovers, UK influence is strongest
mainly on the developed markets of Hong Kong, Japan, and Singapore.
Similarly, these markets are influenced by shocks from markets from
the Americas region, for example, the USA and Brazil. This could be ex-
plained by the fact that developed Asian markets are more integrated
into the world economy when compared with emerging markets from
the same region. The row Contribution to Others indicates that the
Hong Kong stock market is the most influential in the Asian region
(67.01% for returns and 50.38% for volatility). This, however, is main-
ly due to the high spillovers from Hong Kong to other Asian markets.
Consequently, the intensity of intra-region spillovers is higher than
the intensity of inter-regional spillovers. We found that the majority
of Asian markets have the highest reaction to their own shocks, for
example, Korea, Taiwan, and India record 93.94%, 96.90%, and
93.52% of their own forecast error variance respectively, making
them the most independent markets in the sample. These results
have a number of important implications. First, they reveal diversifi-
cation opportunities in emerging Asian stock markets which are less
affected by external shocks. Second, independence from external
shocks limits the opportunities to predict the volatility of those mar-
kets based on foreign information transmission. As a result, emerg-
ing Asian markets seem to be an attractive option for portfolio
investment strategy, but less attractive for investors utilizing an ac-
tive trading strategy based on the meteor shower effect introduced
by Engle et al. (1990).

While the Asian region is relatively independent from other regions,
the linkages between Europe and the Americas are much stronger for
both directions of spillovers, providing the evidence for inter-regional
information transmission. However, developed markets are more
influential than emerging markets. The strongest linkages between
emerging and developed stock markets are within the Americas region,
where the USA accounts for 11.03% and 10.04% of error variance of
the stock market of Mexico and Brazil, respectively. One of the possible
explanations for this phenomenon is that countries that are geographi-
cally close to each other have a higher level of volatility spillover be-
cause the geographical location affects the economic and financial
integration of the countries. Among four countries selected from the
Americas region, Canada is the least impacted upon by foreign informa-
tion transmission.

The South African stock market is representative of the African
region, and it is the third most influential emerging market in the
sample after Mexico and Brazil. The greatest magnitude of spillovers is
from South Africa to Russia (7.67% for return and 8.69% for volatility),
while the magnitude of the reverse direction of spillovers is also high
(6.58% for return and 7.90% for volatility). Additionally, South Africa
has strong linkages with the UK stock market. South Africa also influ-
ences developed Asian markets and all four markets selected from
Americas.

Overall, there is strong evidence of intra-regional and inter-regional
returns spillovers across stock markets, while there is limited evidence
of inter-regional volatility spillovers. The values of pairwise spillovers
between markets from the same region are much higher than between
markets from different regions. Furthermore, the magnitude of spill-
overs between developed and emerging stock markets is lower than be-
tween solely developed markets or emerging markets, which provides
opportunities for international portfolio diversification.

4.2. Subsample analysis: comparison of evidence from futures and
spot markets

A major contribution of this paper is the analysis of information
transmission mechanisms across stock index futures, which are a prac-
tical and more realistic alternative to stock market indices in designing
trading strategies. Spillover tables were compiled for the subsample pe-
riod from October 4, 2010, to October 3, 2014, to allow a comparison of
the magnitude of return and volatility spillovers across stock index fu-
tures and across stock market indices. Tables 6 and 7 provide evidence
from futures markets for returns and volatility data, respectively,
while Tables 8 and 9 provide evidence from underlying spot markets
for the subsample period. The previous section explains the meaning
of the rows and columns within the spillover tables and a similar inter-
pretive logic of the empirical outputs is applicable for this section. As
with the full-sample period, the magnitude of return spillovers is higher
than the magnitude of volatility spillovers for both futures and spot
markets. The total return spillover index is equal 66.3%, and the total
volatility spillover index is 58.3% for stock index futures. Total spillovers
indices for spot markets return and volatility are 65.5% and 52.0%, re-
spectively. The return spillovers, therefore, across futures and spot mar-
kets are at the same level of magnitude, but the intensity of volatility
spillovers is higher across futures. For example, Table 9 shows that
Korea, Taiwan, and India have the lowest values of Contribution to
Others, 4.77%, 2.03%, and 4.81% for volatility spillovers across stock mar-
ket indices, while for stock index futures these values are 43.77%,
29.04%, and 34.28% (see Table 7). Volatility spillovers from Korea,
Taiwan, and India, in relation to other markets are higher for futures
data. This may be explained by lower cost of trading on futures markets
and, therefore, the higher speed of international information transmis-
sion (Antoniou, Holmes & Priestley, 1998). Table 9 indicates that the
total volatility spillover from the USA to other markets is 83.93%,
while volatility spillover from the UK to other markets is 114.02%, mak-
ing the UK much more influential than the USA. However, analysis of fu-
tures data reveals a different outcome and is presented in Table 7. The
magnitude of volatility spillovers from the USA is higher than that
from the UK, i.e. 104.01% and 101.01% respectively.

Again, as in the full-sample analysis, there are stronger financial link-
ages across markets from the same region in the subsample period for
both futures and indices data. The strongest magnitude of volatility
spillovers was found between developed European countries, UK,
Germany, France, Spain, and Switzerland; developed Asian countries,
Hong Kong and Singapore; and developed countries from the
Americas, USA and Canada. The values of the pairwise spillovers indices
are much lower between emerging markets within the sample. The
linkages between emerging and developed markets are weaker, and in
the majority of cases, the main direction of spillover of both return
and volatility is from developed to emerging stock markets, for exam-
ple, from Hong Kong to China, from the UK to South Africa, and from
the USA to Mexico and Brazil. The intensity of intra-region volatility
spillovers across stock index futures is higher than the intensity of
inter-region volatility spillovers. The main channels of inter-regional in-
formation transmission are from the Americas to Europe and from
Europe to the Americas. There is some evidence of inter-regional return
spillovers from America and Europe to Asia. However, there is a very
low magnitude of volatility spillovers from Asian countries to other re-
gions. South Africa has strong spillovers into European markets. South
Africa is from the same geographical time zone as European markets,
and therefore, the trading hours of these markets overlap almost exact-
ly. These channels of international information transmission are similar
for both futures and stock indices. However, the magnitude of spillovers
is higher for futures markets, so we can conclude that information trans-
mission mechanisms work more efficiently in case of futures.

Nonetheless, the spillovers tables do not demonstrate additional sig-
nificant differences between the information transmission mechanisms
across futures markets (see Tables 6 and 7) and spot markets (see



Table 6
Return spillovers across stock index futures.
Asia Europe and Africa Americas
Region/ From
market HKG JPN SGP CHN KOR MYS TWN IND | Sum | GBR GER FRA ESP  SUI RUS HUN TUR | Sum | ZAF | CAN USA MEX BRA | Sum others
HKG | 4001 356 998 736 451 367 491 541 | 7940 | 426 102 143 036 104 393 143 066 | 1414 19| 162 28 272 317 5.28 59.99
JPN 285 3217 387 099 289 092 178 163 | 4712| 670 636 675 428 459 328 184 115 | 3494 310 109 148 173 140 | 1485 67.83
SGP | 563 242 2235 190 450 352 296 428 | 4756 | 596 454 463 257 363 433 237 151 | 2954 | 216 | 259 282 223 245 | 2075 77.65
= CHN | 1125 208 543 6118 449 381 396 176 | 9396| 118 006 011 019 015 178 025 030 | 402| 046 | 047 031 065 074 1.56 38.82
< KOR | 309 243 522 174 2383 188 538 276 | 4633 | 516 515 505 399 342 419 262 159 | 3116 231 | 014 006 006 005 | 20.19 76.17
MYS | 501 185 869 283 368 5061 496 506 | 8271 | 309 067 119 023 067 318 265 061 | 1228| 066 | 160 144 178 214 435 49.39
TWN | 600 271 668 356 1128 500 4878 317 | 8719| 278 005 027 009 008 209 122 012 | 669| 035| 007 009 019 012 5.76 51.22
IND | 491 140 732 097 324 430 213 3796 | 6225| 507 297 339 165 236 445 237 142 | 2368| 240 | o006 018 011 021 | 1168 62.04
Sub-total | 78.76 4862 6955 8054 5843 7372 7486 6203 |54651 | 3419 2082 2282 1335 1593 2723 1476 735 |15644 |1264 | 1714 3892 1321 15.15 | 8441 | 483.10
GBR | 187 065 239 035 132 117 104 238 | 11.19| 1832 1070 1152 631 879 526 387 288 | 6764| 622 | 335 851 161 148 | 1495 81.68
GER | 043 004 066 002 009 036 002 142 | 305| 1144 1926 1563 1000 983 459 449 297 | 7820| 605 | 3.00 732 107 129 | 1269 80.74
g FRA | 059 006 105 006 016 045 006 158 | 400| 11.76 1499 1851 11.60 964 433 421 279 | 7782 573 | 307 715 098 126 | 1246 81.49
< ESP 009 005 028 007 003 006 014 092 | 164| 906 1347 1621 2569 784 337 443 259 | 8267| 459 | 261 648 070 132 | 1111 7431
§ sul 048 007 073 008 015 040 006 149 | 348 | 11.86 1245 1275 749 2439 338 323 330 | 7885 590 | 235 672 116 154 | 11.78 75.61
& RUS | 273 116 400 064 275 163 111 316 | 1717 | 776 640 629 347 366 2686 613 287 | 6345| 531 | 318 683 172 234 | 1406 73.14
& jun | 142 021 174 017 150 181 082 203 | 941| 722 806 778 575 441 739 3365 326 | 7751| 400 | 154 538 096 120 9.08 6635
TUR | 090 015 150 012 051 058 041 179 | 596| 644 644 636 432 584 449 416 4245 | 8050 | 411 | 191 400 154 198 943 57.55
Sub-total 821 240 1235 152 651 646  3.67 1479 | 5590 | 83.86 91.77 9505 7464 7440 59.66 64.16 63.10 |606.64 |41.92 | 21.01 5239 974 1240 | 9555 | 590.87
ZAF | 084 004 117 020 049 042 017 211 | 543 | 1016 944 923 528 713 573 336 286 | 53192862 | 336 543 213 184 | 7138 7134
CAN | 050 002 076 010 046 011 031 071 | 298| 640 554 594 360 325 256 1.66 146 | 3041 | 3.78 | 3595 1448 562 677 | 62.83 64.05
2 UsA | 093 033 167 014 141 089 107 162 | 805| 1015 826 854 548 589 455 343 204 | 4835| 397 | 879 2184 460 439 | 3963 78.16
E MEX | 065 015 067 040 123 069 065 098 | 543 | 401 252 271 140 222 183 117 158 | 1744| 261 | 751 1018 4763 920 | 7452 5237
< BRA | 032 021 039 015 069 022 033 059 | 290| 374 295 321 241 28 183 160 147 | 2008| 240 | 885 951 906 4720 | 7463 52.80
Sub-total 240 071 348 079 379 190 237 390 | 1935 | 2430 1927 2040 1289 1423 1078 787 655 | 11& |12.76 | 6111 56.02 6692 67.56 |251.61 | 247.37
f)‘iﬁgrsto 5019 1960 6420 21.86 4539 31.90 3228 44.87 |310.29 [ 13420 122.03 12899 8047 8729 7653 5650 37.41 [72342|67.32 | 66.66 13091 4437 49.76 |291.71 | 1392.73
C‘:)"’,s;i'lcl 9020 5177 8655 83.05 6922 8251 81.06 82.83 |627.19 [ 15251 14129 14750 106.16 111.68 10339 90.15 79.86 |932.55|95.93 | 102.61 15276 92.00 96.96 | 44433 66.3%

Note: From others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total return spillover index demonstrates that 66.3% of forecast error
variance comes from spillovers. The mnemonics are defined as in Table 1.
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Table 7

Volatility spillovers across stock index futures.

Asia

Europe and Africa

Americas

. From
l;fagiﬁgt/ HKG JPN SGP  CHN KOR MYS TWN IND | Sum | GBR GER  FRA  ESP sul RUS HUN TUR | Sum | ZAF | CAN USA MEX BRA | Sum | others
HKG | 51.06 269 1245 6.43 413 3.06 352 601 89.36 114 053 0.70 0.15 0.43 248 073 021 6.37 | 0.82 1.07 096  0.66 0.77 345 | 4894

JPN 243 5325 332 1.84 5.06 1.63 290 0.89 71.32 307 312 2.95 2.25 1.91 2.01 145 060 | 17.36 | 1.37 2.50 517 040 1.88 9.96 | 46.75

SGP 962 246 3940 2.09 4.94 4.63 2.85 4.60 70.60 179 210 2.19 1.65 2.03 370 150 042 | 1540 1.53 2.71 534 164 2.79 1247 | 60.60

~ CHN 889 289 390 71.65 4.36 2.15 257 107 97.49 0.10  0.05 0.04 0.23 0.18 069 007 0.19 1.55| 024 0.14 029 025 0.04 0.72 | 2835
2 KOR 3.61 441 5.48 2.67 4297 181 1045 226 73.66 1.93 2.00 1.80 1.67 0.97 262 162 070 | 1332 1.10 3.22 473 1.72 2.25 11.92 | 57.03
MYS 382 221 7.44 1.18 291 6448 292 439 89.35 067  0.29 0.64 0.31 0.43 280 157 0.16 6.86 | 0.45 0.22 126 1.28 0.58 334 | 3552
TWN 385 351 426 221 1431 2,65 59.61 2.09 92.48 0.69  0.15 0.32 0.38 0.43 093 027 0.14 332 | 051 0.91 201 034 0.42 3.69 [ 4039

IND 620 081 7.08 0.62 2.08 4.72 123  53.60 76.34 249 1.88 2.52 1.18 1.75 4.01 150 064 [ 1598 | 2.36 1.25 183 115 1.09 532 | 46.40
Sub-total 8949 7223 8332 8870 8075 8513 86.05 7492 | 66059 | 11.89 1011 11.16 7.82 813 1925 872 307 | 80.16| 838 | 1714 3892 1321 1515 50.87 | 364.00
GBR 052 034 085 0.04 0.61 0.36 022  1.09 4.02 | 2278 1425 13.84 863 11.21 509 426 284 | 8291 | 599 1.42 420  0.68 0.78 7.08 | 77.22

GER 021 003 038 0.02 0.13 0.24 0.02 097 200 | 1358 2119 1619 1085 10.08 503 461 2.81 8433 | 5.56 1.65 498  0.70 0.77 8.10 | 78.81

g FRA 0.26 0.10 0.68 0.03 0.15 0.22 0.03 1.00 247 1256 1564 2048 12.99 9.64 5.20 4.64 2.98 84.14 | 5.59 1.69 4.72 0.68 0.71 7.80 79.52
% ESP 006 004 023 0.01 0.07 0.08 0.06 0.63 1.18 993 1320 1624 2549 7.81 411 517 278 | 8472 435 2.07 548 091 1.29 9.75 | 7451
§ N 019 020 052 0.07 0.32 0.21 0.03 1.04 257 | 1361 1279 12.65 8.16 26.82 425 377 332 | 8536 528 1.09 413 0.70 0.86 6.79 | 73.18
3 RUS 153 063 257 0.27 1.30 1.38 040 229 10.38 7.16 7.57 8.14 5.17 485 3153 574 3.09 | 7325 722 221 435  1.09 1.50 9.15 | 6847
& HUN 0.38 0.06 0.45 0.05 0.34 0.90 0.17 1.36 3.70 7.36 8.26 8.35 7.37 5.14 6.51 35.55 3.98 82.51 6.01 133 4.28 0.85 1.33 7.79 64.45
TUR 016 014 024 0.18 0.16 0.10 0.14 0.76 1.89 5.71 6.52 7.10 5.39 5.98 442 519 4743 | 8775 | 487 1.01 2.84 085 0.80 550 | 5257
Sub-total 332 152 593 0.66 3.08 3.50 1.06 9.14 2821 | 9268 9943 102.99 8405 8153 66.13 6893 69.23 | 66497 |44.87 [ 21.01 5239 974 1240 61.96 | 568.73
ZAF 0.53 0.07 0.87 0.07 0.29 0.39 0.08 1.55 3.86 8.81 8.58 8.85 547 6.36 7.41 5.26 3.15 53.19 | 32.42 227 4.07 1.95 1.53 9.82 67.58

CAN 043 023 049 0.04 0.38 0.14 054 037 2.62 231 3.10 3.24 3.35 1.33 191 164 074 | 17.62| 2.05 [ 4220 1980 7.75 7.95 77.71 | 57.80

3 USA 030 020 072 0.11 0.84 0.40 049 077 3.83 529  6.68 6.72 6.28 3.99 376  3.19 170 | 3762 | 331 1351 29.02 613 6.59 55.24 | 70.98
E MEX 035 007 017 0.16 0.68 0.41 0.19  0.66 2.69 1.10 1.44 1.45 1.88 091 138 131 0.80 | 1029 | 1.72 | 1007 11.74 53.66 9.82 85.30 | 46.34
= BRA 047 020 031 0.17 0.72 0.23 024 047 2.80 1.69 1.70 1.71 2.52 149 137 181 056 | 12.86 | 1.57 9.78 11.81 918 52.01 82.77 | 47.99
Sub-total 155 070 1.68 0.48 2.62 1.18 146 227 1194 | 1040 1293 13.12 14.04 7.72 842 795 380 | 7839 865 | 61.11 56.02 6692 67.56 | 301.03 [ 223.11
%(;Egrst*o 43.83 2127 5242 1827 4377 2572 29.04 3428 | 26859 | 101.01 109.86 11564 8589 7692 69.68 5531 31.82 |646.13 |61.90 | 60.13 104.01 3890 43.76 | 246.79 | 1223.41
C%lxiliﬂd 9489 7452 9181 8991 8674 9020 88.64 87.87 | 70460 |123.79 131.05 136.13 111.38 103.74 101.21 90.86 79.24 | 877.41 | 94.32 [ 10233 133.03 9256 9576 | 423.68 | 58.3%

Note: From others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total volatility spillover index demonstrates that 58.3% of forecast error

variance comes from spillovers. The mnemonics are defined as in Table 1.
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Table 8

Return spillovers across stock markets subsample.
. Asia Europe and Africa Americas From
];-?ag;;:gt/ HKG JPN SGP CHN KOR MYS TWN IND Sum GBR GER FRA ESP Sul RUS HUN TUR Sum ZAF CAN USA MEX  BRA Sum others
HKG 37.63 3.18 1047 8.70 5.77 2.81 580 246 76.82 4.29 0.42 0.62 0.20 0.48 3.71 0.59 0.24 10.54 4.32 0.64 217 2.63 2.88 8.32 62.37
JPN 470 5850  4.05 1.49 7.24 3.05 587 036 | 8526 3.09 0.56 0.68 0.27 0.38 2.62 0.06 0.02 7.67 3.61 0.06 1.40 1.46 0.54 3.47 41.50
SGP 1029 256 37.26 3.16 4.59 3.06 502 3.09 | 69.04 5.86 1.95 2.07 0.79 1.87 475 0.74 0.52 18.55 4.18 0.71 3.29 2.14 2.09 8.24 62.74
= CHN 1333 209 515 57.20 347 239 426 085 | 88.73 1.50 0.11 0.11 0.28 0.05 1.91 0.10 0.05 4.12 3.10 0.50 0.68 1.68 1.19 4.04 42.80
< KOR 633 484 549 2,60 40.85 3.03 1004 143 | 7461 4.10 0.61 0.74 0.36 0.74 3.83 0.76 0.44 11.59 331 1.07 3.70 3.12 2.60 10.48 59.15

MYS 401 260 354 1.67 332 53.66 438 1.78 | 7496 2.65 1.87 1.92 0.78 1.34 2.45 1.53 0.74 13.28 1.48 1.51 234 377 265 10.27 46.34

TWN 7.04 476 592 347 1119 350 4540 1.71 | 83.00 247 0.15 0.21 0.37 0.10 2.49 0.16 0.11 6.06 3.33 0.87 3.01 1.69 2.03 7.61 54.60

IND 326 036 419 0.56 113 1.26 123 51.69 | 63.68 5.56 2.59 3.22 1.78 2.53 3.64 1.16 135 21.82 4.68 111 3.07 289 276 9.83 48.31
Sub-total 86.59 78.89 76.06 78.85 77.56 72.76 82.00 63.37 [616.09 | 29.52 8.26 9.56 4.84 7.49 2539 5.10 3.46 93.63 | 28.01 6.47 19.66 1938 16.76 62.27 417.80
GBR 1.89 085 267 0.41 1.44 0.50 094 141 10.10 | 16.96 8.87 9.51 571 7.63 5.75 2.81 2.58 59.82 7.75 3.12 9.27 494 5.00 2232 83.04
GER 031 004 079 0.03 0.20 0.04 0.09 084 233 963 1851 1528 1033 10.28 447 4.62 3.61 76.71 474 1.92 7.36 3.72 3.22 16.22 81.49
FRA 034 003 090 0.04 0.18 0.05 0.06 095 2.56 999 1472 1785 1227 10.35 4.05 4.26 3.28 76.76 4.44 1.81 7.22 3.73 349 16.24 82.15
ESP 0.14 0.01 0.39 0.08 0.09 0.01 019 077 1.68 8.02 1335 1650 2394 8.71 331 492 3.34 82.10 3.03 143 5.92 268  3.15 13.18 76.06
Sul 029 009 095 0.06 0.40 0.09 0.10 0.89 2.86 996 1240 1295 8.09 2244 3.61 3.84 3.65 76.93 4.83 1.82 6.62 3.60 333 15.38 77.56
RUS 260 103 323 0.74 1.87 0.87 138 147 | 13.20 8.74 6.17 5.82 3.54 411 2536 422 2.14 60.11 7.21 2.30 7.28 478 5.11 19.47 74.64
HUN 057 002 053 0.01 0.53 0.35 0.13  0.90 3.04 6.10 9.16 8.79 7.27 6.30 571 3564 3.59 82.56 399 | 0.68 4.05 3.05 2.63 1041 64.36
TUR 025 004 054 0.06 0.22 0.14 020 093 237 6.10 8.03 7.70 5.85 6.92 3.48 406 4124 83.38 3.85 0.75 3.58 294 313 10.40 58.76
Sub-total 638 211 10.01 143 492 2.06 3.08 816 | 3814 | 7550 91.22 9440 76.99 76.75 5574 6435 6343 |598.39 | 39.85| 13.83 51.29 2945 29.06 123.63 598.06
ZAF 239 151 2,57 1.12 1.72 0.57 1.60 197 | 1344 10.54 591 5.75 2.93 5.05 6.56 2.51 2.18 4144 | 2294 | 3.92 7.35 5.60 5.31 22.19 77.06
CAN 061 004 0.77 0.39 0.58 0.22 055 0.62 3.78 5.20 430 4.15 2.51 3.26 137 0.80 0.75 2233 293 | 4120 1418 8.11 7.47 70.95 58.80
USA 1.04 040 1.68 0.28 134 0.37 1.18  1.01 7.30 9.76 7.77 8.13 4.96 5.80 4.72 2.19 1.67 45.00 498 6.96 20.30 8.28 7.18 42.73 79.70
MEX 190 059 139 0.69 1.93 0.83 089 129 9.52 7.16 5.28 5.58 2.99 422 441 2.29 1.80 33.73 5.47 526 11.09 26.83 8.10 51.28 7317
BRA 2.06 023 1.27 0.67 1.58 0.43 1.05 145 8.73 7.49 4.88 5.50 3.70 4.17 441 2.10 1.95 34.19 4.81 517 1012 8.54 2843 52.26 71.57

Sub-total 561 125 512 203 5.42 1.86 366 437 | 2933 | 2960 2223 2336 14.16 1745 1491 7.37 6.17 |13525 | 1820 | 5858 55.69 51.77 51.18 217.23 283.23
Contr to
others*

C%I‘IIELBCI 100.97 83.76 93.75 8342 89.62 77.25 90.34 77.87 |697.00 [ 145.16 127.62 133.08 9892 106.75 102.60 79.34 7524 (868.70 |108.99 | 82.80 134.00 106.21 102.31 425.31 65.5%

Europe and Africa

Americas

63.34 2526 56.50 26.22 48.77 2359 4494 26.18 [314.80 | 128.19 109.11 11523 74.98 8431 7724 4370 3400 |666.76 | 86.06 | 41.60 113.69 79.37 73.88 308.54 | 1376.16

Note: From Others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (ij)th spillovers indices. Total return spillover index demonstrates that 65.5% of forecast error
variance comes from spillovers. The mnemonics are defined as in Table 1.

901

P11-96 (910) ¥ SISApUY [pIoUDUL f0 MY [DUOHDLIATU] / | 10 DADACIDA T



Table 9

Volatility spillovers across stock markets subsample.

. Asia Europe and Africa Americas From
‘ﬁff;{i;‘t’ HKG JPN SGP  CHN KOR MYS TWN IND | Sum | GBR  GER  FRA ESP sul RUS HUN TUR | Sum | ZAF | CAN USA MEX BRA | Sum | others
HKG | 5721 273 1273 9.09 0.12 367 010 002 | 8567 1.33 0.35 0.64 0.14 035 286 051 0.3 6.31 | 248 1.79 1.06 113 1.55 5.54 | 4279

JPN 304 7898 322 1.89 0.04 317 027 007 | 90.68 1.91 0.33 0.69 0.35 0.73 1.66 0.08  0.06 5.82 | 1.52 0.73 0.62 0.2 0.11 198 | 21.02

SGP 12.08 267 5451 3.19 0.19 286 005 004 [ 7559 3.20 1.77 237 1.03 209 415 045 033 1538 | 3.00 1.79 250 0.80 0.94 6.03 | 45.49

s CHN 11.63 250 467 7344 0.11 198 005 0.60 | 94.97 0.36 0.07 0.19 0.33 009  1.05 022  0.07 239 [ 117 0.48 031 053 0.15 147 | 26.56

< KOR 017 021 0.19 020 93.09 097 003 185 | 96.70 0.24 0.17 0.19 0.10 004 034 0.06 022 135 | 023 0.52 041 047 0.32 1.71 6.91
MYS 466 324 312 1.52 068 7742 037 007 | 91.08 0.91 0.06 0.25 0.04 030 256 070  0.40 521 | 039 0.61 0.61 1.30 0.80 332 | 2258

TWN 022 005 0.14 0.05 0.54 006 9547 0.16 | 96.69 0.19 0.13 0.31 0.48 0.14 044 021 027 217 | 0.07 0.18 026 039 0.24 1.07 4.53

IND 012 039 030 0.02 1.28 038 048 93.16 | 96.12 0.52 0.61 0.74 0.27 049 032 0.14  0.05 315 | 013 0.24 015  0.11 0.10 0.60 6.84
Sub-total 89.13 90.76 78.88 89.40 96.05 90.51 96.82 95.97 |727.50 8.65 3.50 5.37 2.73 424 1338 237 153 41.78 | 9.01 6.34 592 526 419 | 21.71 | 176.73
GBR 0.61 0.44 1.16 0.09 0.05 0.22 0.01 0.16 2.72 19.03 1257 13.31 8.89 11.27 531 2.75 3.08 76.20 | 6.96 3.72 5.55 2.20 2.65 14.12 80.97

GER 0.18 004 068 0.03 0.11 006 001 013 122 [ 1263 1880 1618 11.64 1090  4.66 344 297 81.21 | 5.22 3.04 523 198 2.09 12.34 | 81.20

3 FRA 025 0.11 0.84 0.04 0.10 006 000 0.16 156 [ 1272 1546 18.09 1294 1076  4.69 329 291 80.86 | 5.26 3.04 506 199 2.23 1232 | 8191
% ESP 0.08 006 048 0.03 0.11 002 004 007 0.89 | 1095 1438 1668 23.26 924 394 362 285 8493 [ 3.92 2.54 416 153 2.03 10.26 | 76.74
E Sul 0.18 0.19 0.84 0.04 0.07 0.11 0.02 0.19 1.64 13.19 12,67 13.11 8.70 21.92 4.22 2.81 3.57 80.19 | 5.33 3.16 5.21 1.96 2.51 12.84 78.08
S RUS 160 063 230 0.36 0.24 0.85 007 015 6.20 8.59 7.60 7.96 5.23 5.80 3052 481 344 7394 | 7.88 2.71 411 231 2.85 1198 | 69.48

4 HUN 028 000 041 0.05 0.36 040 003 041 1.95 6.55 7.80 7.68 6.40 532 646 3999 388 84.08 | 541 1.18 328 193 217 8.56 | 60.01
TUR 0.17  0.11 0.24 0.07 0.29 0.21 0.09 0.04 1.23 7.24 7.13 7.47 5.71 747 492 418 4346 87.59 | 5.01 0.88 216 139 1.74 6.17 | 56.54
Sub-total 335 158 695 0.71 1.31 193 026 131 | 1741 | 9090 96.41 10048 8278 8268 6472 6487 66.17 | 649.01 [44.99 | 2026 3477 1529 1828 | 88.60 | 584.93
ZAF 110 064 153 0.34 0.09 013 011 025 420 | 10.65 8.05 8.41 4.96 7.09 745 384 334 53.79 | 29.32 3.10 377 330 2.53 | 42.01 | 70.68

CAN 078 028 101 0.20 0.02 015 012 020 2.75 5.93 5.40 5.53 3.57 452 210 094  0.68 2867 | 256 | 33.97 1685 7.66 753 [ 66.01 | 66.03

E USA 0.36 0.18 0.85 0.11 0.10 0.17 0.07 0.01 1.86 7.54 733 7.58 4.79 6.15 3.30 1.88 1.14 39.70 | 292 | 1339 2694 7.47 7.71 55.51 73.06
E MEX 080 028 033 0.44 0.18 043 008 0.08 2.63 4.24 4.15 4.34 2.55 340 273 179 115 2434 [ 3.69 9.17 1133 4031 853 | 69.34 | 59.69
< BRA 099 012 049 0.11 0.11 030 004 0.16 233 5.13 4.25 4.73 3.29 419 266 196 133 27.54 | 221 890 1129 819 3953 [ 67.92| 6047
Sub-total 294 086 269 0.86 0.41 106 031 045 9.57 | 2284 2112 2218 1419 1825 10.80 6.56 431 | 12025 [18.20 | 11.39 6544 6641 63.64 |258.79 | 259.24
Ef;ggstg 3931 1486 3553 17.88 477 1620 203  4.81 (13540 | 11402 11027 11836 81.40 90.35 6582 37.66 31.89 [ 649.76 | 6538 | 61.17 83.93 47.17 4876 |241.03 [ 1091.58
Crz)rx;ir:cl 96.53 93.84 90.04 9131 9787 9362 9750 97.98 [758.68 |133.05 129.08 13645 104.66 112.27 96.34 77.65 7535 | 864.84 [94.70 | 95.14 110.87 87.49 8830 |381.79 | 52.0%

Note: From others—directional spillover indices measure spillovers from all markets j to market i. Contribution to others—directional spillover indices measure spillovers from market i to all markets j. Contribution including own—directional spillover
indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (ij)th spillovers indices. Total return spillover index demonstrates that 52.0% of forecast error

variance comes from spillovers. The mnemonics are defined as in Table 1.
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Table 10
Structural breaks, full sample.
Market HKG JPN SGP CHN KOR MYS TWN IND GBR GER FRA ESP Sul RUS HUN ZAF TUR CAN USA MEX BRA
2005 Futures 11:18 11:02
2006 Spot 08:14 05:05 05:05 07:10 05:17 05:08 05:12 05:11 05:10 05:11 05:11 05:02 05:11 05:16 05:12 05:11 05:10 05:16 07:24
07:27 07:19 07:26 06:20 06:16 08:07 08:15 05:31 05:31 05:31 07:13 07:17 06:15 07:20 07:28 07:20
11:06 09:18 07:27 08:15 08:15 09:11
12:07
2007 Futures 01:01 04:19 01:19 01:05 07:25 02:23 07:25 02:22 07:23 02:26 07:09 04:19 07:18 11:16 07:24 07:11 10:17 02:26 02:23 07:23
03:12 08:14 04:19 08:03 03:08 04:16 09:18 09:19 03:21 03:21
07:31 09:19 07:06 05:24 07:26 07:23 11:02
08:14 07:30
08:22 08:23
2008 Spot 01:08 01:03 01:11 01:18 02:04 01:03 06:19 01:17 09:02 01:14 01:14 01:14 01:03 01:15 02:18 09:04 09:10 09:05 09:12 03:14 09:08
03:28 03:17 03:25 12:12 07:01 03:03 10:27 03:31 11:24 02:18 02:15 02:06 02:15 02:12 09:16 12:10 12:03 12:01 12:05 09:16 11:24
09:16 10:03 09:10 10:15 04:03 12:24 10:02 09:26 09:16 05:30 09:15 07:16 11:14 12:01
11:07 10:30 11:07 12:10 09:10 11:21 12:02 12:09 09:16 12:01 09:15
12:15 11:03 12:02 11:25
2009 Futures 05:06 05:07 05:11 07:28 04:29 08:24 07:13 08:24 04:03 04:02 07:02 05:18 05:18 08:03 07:15 07:15 05:20 03:02 04:21 05:08 05:18
12:17 08:31 09:28 12:04 12:01 12:01 06:25 11:09 12:02
12:04
2010 Spot 10:12 01:25 10:08 07:06 04:26 04:26 04:26 01:18 09:24 05:03 06:10 04:27 05:06 05:14 04:26 04:26 07:07
07:07 05:27 05:20 10:05 05:03 07:06 05:27 05:26 07:21 09:01 09:01
09:01 09:24 05:14 09:01 11:19
07:07
2011 Futures 08:09 03:11 08:01 02:22 08:01 08:05 08:03 08:02 07:29 07:29 01:18 08:01 08:02 07:28 01:10 08:03 01:25 05:30 08:01 08:01
11:16 04:08 11:02 10:05 10:18 11:25 10:06 12:21 08:18 06:09 09:06 12:12 12:01 08:03 12:12 07:25 08:03 09:26 10:27
12:14 12:21 07:29 12:20 11:30 10:07 08:23
08:12 12:20
12:12
2012 Spot 07:24 12:17 08:03 01:06 01:05 07:31 03:26 08:03 09:11 04:02 04:12 05:03 06:25 10:01 08:03 06:21 01:18 09:13
08:07 09:06 10:01
2013 Futures 05:22 04:22 07:23 07:11 01:18 11:21 02:25 05:22 07:08 07:18 04:01 04:02 01:24 06:24 03:12 05:28
06:17 07:25 09:10 08:15 07:09 07:05 07:11 02:11 10:15
08:08 10:18 05:31
07:15
12:16
2014 Spot 04:16 04:24 01:23 02:12 02:17 02:06 03:21
03:25 03:18

Note: The date of structural break in volatility is displayed as month: day. The mnemonics are defined as in Table 1.
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Table 11

Structural breaks, subsample.

Y Market HKG JPN SGP CHN KOR MYS TWN IND GBR GER FRA ESP SUI RUS HUN ZAF TUR CAN USA MEX BRA
2010 Futures 12:09
Spot 11:19 11:09
12:07
2011 Futures 08:08 03:09 07:29 02:22 02:08 04:14 08:03 08:03 07:29 07:29 01:27 08:01 08:02 07:29 08:03 07:21 07:25 07:29 07:28 07:29
11:17 03:23 12:09 08:05 08:01 08:05 11:25 08:18 12:12 12:14 07:29 09:06 12:12 10:10 11:30 08:19 12:14 11:30 10:19 12:20
07:29 12:21 12:06 12:14 12:12
12:19
Spot 08:09 03:11 08:01 02:22 08:01 08:05 08:03 08:02 07:29 07:29 01:18 08:01 08:02 07:28 08:01 07:21 03:04 05:30 08:01 08:01
11:16 04:08 11:02 11:29 11:25 10:06 12:12 08:18 07:29 09:06 12:12 12:01 11:30 12:12 08:01 08:01 09:26 10:27
12:14 12:21 12:12 12:20 10:07 08:23
12:30 12:20
2012 Futures 07:23 07:24 02:08 05:15 07:12 06:19 03:30 08:03 04:12 04:12 02:03 10:01 01:26 08:03 02:01 08:07 05:16 07:31
12:04 09:14 08:03 08:07 09:06 09:14 08:03 08:03
Spot 07:24 12:17 08:03 01:05 07:31 06:19 03:30 08:06 04:02 04:12 05:03 06:25 10:01 08:03 05:02 01:18 09:13
08:03 08:07 09:06 10:01 07:10
2013 Futures 03:01 01:03 04:22 07:23 01:18 10:08 02:20 04:01 07:08 07:18 04:01 04:08 06:06 04:02 01:24 03:20 06:26 05:22
09:05 05:22 09:30 09:12 08:05 09:03 07:04 07:18 08:28 09:02 02:07 08:30 10:03
06:13 10:03 05:28
08:20 07:08
Spot 05:22 04:22 07:23 07:11 01:18 11:21 02:25 05:22 07:08 07:08 07:18 04:01 04:08 04:02 01:24 06:24 03:12 05:28
06:17 07:25 09:10 08:15 07:09 12:02 07:05 07:12 07:11 02:11 10:15
08:08 10:18 05:31
07:15
12:16
2014 Futures 01:03 04:15 02:04 04:24 07:04 01:02 02:26 03:28 03:21
04:16 07:21 03:25 05:07
Spot 04:16 04:24 01:01 03:25 01:23 02:25 02:17 02:06 03:21
07:02 03:25 03:18

Note: The date of structural break in volatility is displayed as month: day. The mnemonics are defined as in Table 1.
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Tables 8 and 9) apart from those discussed above. Additionally, we can-
not use spillovers tables to observe the dynamic of return and volatility
spillovers during the full-sample and subsample estimation periods. We
have to consider the contagion across markets to provide a clear picture
of the behavior of spillovers during periods of turmoil, which can further
explain some of our findings outlined earlier. For example, the high in-
tensity of spillovers across developed European countries can be ex-
plained by contagion between those markets during the Eurozone
crisis. It is useful, therefore, to plot return and volatility spillovers to in-
vestigate the behavior of spillovers across futures and stock indices
around the most recent crisis episodes.

4.3. Structural breaks

In this section, the issue of whether there is evidence of structural
breaks in the dynamics of stock indices and futures returns volatility is
examined. The existence of structural breaks is a classical statistical
problem which affects volatility and long-range dependence in stock
returns (Andreou & Ghysels, 2002). Omitting structural breaks in an
analysis of volatility spillovers may lead to a significant overestimation
of volatility transmission because jumps in volatility can influence infor-
mation flow in relation to intensity, direction, origin, and the scheme of
transmission (Huang, 2012). The iterated cumulative sum of squares
(ICSS) algorithm introduced by Inclan and Tiao (1994) has been
employed to test for multiple breaks in the volatility of spot and futures
markets for each country separately.

The test on structural shifts is used often to identify the crisis period
(Dimitriou, Kenourgios & Simos, 2013; Karanasos et al., 2014). In this
paper, the identified structural breaks are linked to the major shocks
during the Great Recession and the European debt crisis. These results
are consistent with the timeline of the global financial crisis provided
by BIS (2009), which is used in this study. The structural changes in var-
iance do not occur exactly simultaneously in futures and spot markets,
although certain similarities in breaks across markets are found,

L. Yarovaya et al. / International Review of Financial Analysis 43 (2016) 96-114

especially, between markets within the same geographical region
around crisis episodes. This provides additional evidence of strong
intra-region market dependencies.

Tables 10 and 11 summarize the results of the Inclan and Tiao (1994)
test and indicate the existence of multiple structural breaks in the dy-
namics of volatility over both the full-sample and the subsample pe-
riods. All the return series have at least 10 structural breaks in their
variance over the full-sample period and at least one structural break
over the subsample period, but the number of jumps in variance varies
from year to year as demonstrated in Tables 10 and 11.

4.4, Rolling-sample analysis

The behavior of total return and volatility spillovers around the glob-
al financial crisis and the European debt crisis is investigated in this sec-
tion. We used rolling window estimation to analyze the time-varying
behavior of spillovers over the full-sample and subsample periods. It is
important to consider cyclical movements and burst in spillovers that
could not be captured by the results presented in previous tables. We
compared the behavior of return and volatility spillovers across stock
index futures and stock equity indices for the subsample period. Fig. 1
presents the spillover plot for stock index futures and stock indices
data from October 2010 to October 2014 based on the 200-day rolling
window estimation following the methodology developed by Diebold
and Yilmaz (2012). While the cyclical movements of spillovers are sim-
ilar for futures and spot markets, the magnitude of spillovers is higher
for futures markets during the subsample period, confirming the find-
ings discussed in the previous section. Fig. 1 provides information that
confirms that the magnitude of volatility spillovers is lower than the
magnitude of return spillovers for both futures and spot markets. The
significant increase in total spillovers during 2011 was caused by the
European debt crisis, while from 2012 to 2014, we can see a decrease
in spillovers across futures and spot markets, which can be interpreted
as a sign of the global economic recovery.
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Fig. 1. Subsample total spillovers plot: futures and spot markets.
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Fig. 2 presents the return spillover plot for stock indices data from
2005 to 2014.

Several cycles are identified from October 2005 to October 2014.
Starting with the value of around 72%, the total return spillover plot
fluctuated from 82% (from third quarter 2008 to first and second quar-
ters 2009) to 58% (second quarter 2013). There are significant decreases
in total return spillovers from 2012 to 2013 and during 2014. Total vol-
atility spillovers follow a similar trend but the values of volatility spill-
over is lower than return spillover during the full-sample period,
confirming the difference in total spillover Indices analyzed in previous
sections. Starting at a value around 59% (significantly lower than the
starting point of return spillovers at 72%), total volatility spillover rises
to 69% during 2009 and drops below 52% during 2013 (in the third quar-
ter of 2013 and the end of 2014).

Fig. 3 presents volatility spillover plot for stock indices data from
2005 to 2014.

Figs. 2 and 3 graphically illustrate cyclical movements and bursts in
spillovers during recent crisis episodes, such as the global financial crisis
and the European debt crisis. These patterns are consistent with opin-
ions articulated in contagion literature, which supports the position
that crisis episodes impact not only on the volatility of financial markets
but also impact on the transmission of volatility across them. The Credit

Crunch that started in July 2007 caused a burst in total volatility spill-
overs from 55% to 63% at the end of 2007 (from 67% to 75% for returns
spillovers). The financial panic in stock markets during the first quarter
2008 that followed pushed further total spillovers to 67% for volatility
and to 79% for returns. The Lehman Brothers collapse on September
15, 2008, became a starting point for the worldwide spread of the
Great Recession and raised values of total volatility spillovers to their
maximum level, 72% (82% for return spillovers). These values remained
high until the economic recovery. Consequently, total spillovers began
to decrease from the beginning of 2010 and by the middle of 2011
had reached their pre-crisis values. However, the plot of intra-region
volatility spillovers across the Eurozone shows that there was no decline
in spillovers from the beginning of 2010 as evidenced in the global
trend. This difference in patterns occurred because the European debt
crisis, which started in October 2009 in Greece, spread to several
Eurozone state members, causing an increase in spillovers.?

Fig. 4 graphically illustrates volatility spillovers across the Eurozone
for the period from 2005 to 2014.

8 For the detailed timeline of European Debt Crisis see Mead and Blight (2014).
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The spread of the crisis throughout the Eurozone in 2010 caused fur-
ther increases in spillovers. Actions by Eurozone leaders to stabilize the
situation through the European Financial Stability Facility (EFSF) and
the European Financial Stabilization Mechanism (EFSM), for example
the bailouts of Ireland and Portugal, initiated the recovery from the cri-
sis. In September 2011, the IMF announced that the global economy had
entered a “dangerous new phase” of sharply lower growth® as a result of
the European debt crisis. Figs. 5 and 6 plot intra-regional return and vol-
atility spillovers for the full-sample period for all regions separately. The
highest magnitude of total spillovers is found still in the Eurozone, and
total spillovers in the Americas follow the same trend as in Europe
and Africa. A different situation pertains in the Asian region, where
the magnitude of total intra-region spillovers across Asian countries is
much lower than in the Americas and Europe for both returns and vol-
atility. As indicated previously, Asian countries are more isolated from
external shocks, and Figs. 5 and 6 confirm these findings.

5. Conclusions and recommendations for future research

This paper provides a new insight into global financial interconnec-
tedness through the analysis of intra- and inter-regional return and vol-
atility transmission across 21 developed and emerging markets from
Asia, the Americas, Europe, and Africa. It also contributes to the discus-
sion about the applicability of different types of data in analyses of

9 See for news details BBC (20 September 2011). IMF: Global economy has entered 'dan-
gerous new phase’.

financial dependencies of markets by documenting the evidence from
both stock index futures and stock indices. The results demonstrate
that futures markets provide more efficient channels of inter-regional
information transmission than stock markets because the magnitude
of return and volatility spillovers is larger using stock index futures
data. We suggest that the analysis of spillovers across stock index fu-
tures has important practical implications for the development of trad-
ing strategies. Therefore, our findings are particularly relevant not only
to academics, but also to a broad range of practitioners.

The results presented in this study have implications for
asset allocation strategies and international portfolio diversification.
Our findings show that Asian markets are less susceptible to external
shocks and can provide better opportunities for international portfolio
diversification. The research presented in this study provides significant
evidence of intra-region information transmission for both futures and
spot markets, but evidence of inter-regional spillovers is more limited.
The spillovers between emerging and developed markets are weaker
than between developed markets, so consequently the benefits of inter-
national portfolio diversification are best achievable by investing in
emerging markets in different geographical zones.

Finally, our paper contributes to contagion literature evaluating
global and regional spillover trends. The burst in spillovers during crisis
episodes is verified, which is important for investors as during periods
of turmoil diversification benefits are limited. These findings are impor-
tant for policy makers and financial regulators due to the fact that con-
tagion during crisis episodes affect macroeconomic stability. Linkages of
economic cycles with intensity of global return and volatility spillovers
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provide the opportunity to use the intensity of spillovers as an indicator
of recession and recovery. In this research, we have identified a decrease
in both return and volatility spillovers from 2012 to 2014, which can be
interpreted as an indication of global economic recovery.

We suggest that an investigation of spillovers across futures mar-
kets, in case of markets sequences with non-overlapping trading
hours, for the purpose of analyzing the meteor shower effects, identified
by Engle et al. (1990), across stock index futures within one trading day,
is a key area for future research. Furthermore, as trading hours on stock
index futures differ from their underlying stock indices due to the addi-
tional electronic trading hours for futures, such analysis will help pro-
vide new evidence of inter-regional information transmission and
contribute to stock market predictability literature.
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