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Abstract

Results: The EGARCH analyses reveal bidirectional asymmetric volatility spillover
between stock market and foreign exchange market of Pakistan, China, Hong Kong
and Sri Lanka. The results reveal unidirectional transmission of volatility from stock
market to foreign exchange market of India. The analysis reveals no evidence of
volatility transmission between the two markets in reference to Japan.

Conclusions: The result of this study provide valuable insights to economic policy
makers for financial stability perspective and to investors regarding decision making
in international portfolio and currency risk strategies.
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Background

Over the last three decades, there is rapid growth in international equity investments. The
increasing trend in equity investment has lead to increase in high demand and supply of
foreign currencies. The high demand of currencies and equity flows has created some inter-
dependence between equity returns and exchange rate returns. The increasing interdepend-
ency has also increased the volatility transmission betweens stock and foreign exchange
market that has increased the international portfolio risk that is faced by investors, which
has further lead to decrease the returns of investors portfolios (Kanas 2000). According to
(Ebrahim 2000), it is important to know about how shocks are transmitted across financial
markets (stock and currency market) and also to explore the magnitude of their effects.
This will further enhance the success of policies implemented by policy makers.

The theoretical consensus regarding the linkages between stock prices and exchange
rates can be derived from two widely used models named as; flow oriented model
(Dornbusch & Fischer, 1980) and stock oriented model (Branson and Henderson 1985;
Frankel 1983). The flow oriented model (Dornbusch and Fischer 1980) posits that
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positive relationship exist between exchange rates and stock prices. This model is based
on the idea that exchange rate is determined by a country’s current account balance or
trade balance. This model assumes that changes in the foreign exchange rate can effect
trade balances and international competitiveness. Therefore, affect the real income and
inputs. The phenomena can be explained as; the local currency depreciation will make
domestic firms more competitive by having cheaper exports in international trade. The
higher exports will enhance the domestic wealth of firms by appreciating the domestic
stock prices of domestic firms. In this aspect, causality will run from exchange rate to
stock price.

The stock oriented model (Branson and Henderson 1985; Frankel 1983) suggests that
the exchange rate is determined by supply and demand of financial assets (equity and
bonds). This model is further classified into portfolio balance model and monetary
model. The portfolio balance model posits that negative relationship exist between
stock prices and exchange rates. This model suggests that causality runs from stock
prices to exchange rates. According to this model, investors hold foreign and domestic
assets including domestic and foreign currencies. When domestic assets stock prices
increases, so investors intends to buy more domestic assets, which compel them to sell
their foreign assets in order to have more domestic currency in hand for the purpose of
buying more domestic assets. The increase in wealth of investors due to increase in
domestic assets prices motivates them to demand for more domestic assets which in
turns leads to increase in interest rates. This will lead to currency appreciation.” The
monetary approach however postulates weaker or no relationship of exchange rates
and stock prices. In this model, exchange rate is considered to be the price of an asset.
As prices of assets are based on future expected prices, similarly exchange rates are also
determined by future expected exchange rates. So any factor that changes the expected
future value of exchange rate will affect today’s value of exchange rate. The factors that
cause changes in exchange rates may differ from those factors that brought changes in
stock prices. Hence, in such conditions there may be no relationship between stock
prices and exchange rates.?

The information spillover between the two financial markets (foreign exchange mar-
ket and stock market) has been studied by many researchers for different countries.
Most of the studies have focused on the transmission of volatility between foreign
exchange market and stock market. The developed countries have been extensively
studied by most of researchers (see for example; Antonakakis 2012; Apergis and Rezitis
2001; Beer and Hebein 2011; Ebrahim 2000; Francis et al. 2006; Grobys 2015; Kanas
2000; Yang and Doong 2004). There are also number of studies of integration of foreign
exchange market and stock market of developing countries (for example; Choi et al.
2010; Kang and Yoon 2013; Mishra et al. 2007; Morales 2008; O’Donnell and Morales
2009; Qayyum and Kamal 2006; Yang and Chang 2008). There are also some studies
for emerging countries for instance (see, for examples; Adjasi et al. 2008; Fedorova and
Saleem 2009; Li and Majerowska 2008; Oberholzer and Boetticher 2015; Okpara and
Odionye 2012; Walid et al. 2011).

This study intends to investigate the asymmetric volatility spillover dynamics of stock
and foreign exchange market using EGARCH model in Asian countries. One of the
rationale behind selection of Asian countries sample is that the literature doesn’t pro-
vide enough evidence in the specific area. This study aimed to consider a sample of
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developed and emerging markets of Asia. The Asian countries included in this study
are; China, India, Hong Kong, Japan, Pakistan and Sri Lanka. The sample constitutes
developed country of Japan and markets of China, India, Hong Kong Pakistan and Sri
Lanka. The sample also represents three countries from South Asia i.e. Sri Lanka, India
and Pakistan; and three countries from East Asia i.e. Japan, Hong Kong and China. The
contribution of the study will be in the following aspects. First, instead of analyzing a
single country, this study investigates volatility spillover between stock market and for-
eign exchange market in sample of different Asian countries. Second, this study will
add some valuable knowledge to existing literature in terms of selected Asian countries
sample. In reference to Pakistan; we only found a single study of Qayyum and Kamal
(2006) that employed weekly data covering the period from 1998 to 2006. The contri-
bution of this study in reference to Pakistan is as follow. First, we have used daily data
instead of weekly because stock and foreign exchange market trading occurs on daily
basis and the shock that arises on daily basis is absorbed in weekly data. Second, we
have used data set covering the period from 1999 to 2014. In reference to Sri Lanka, up
to best of our knowledge, this study is the first to address volatility spillover between
stock market and foreign exchange market. In this aspect, this study will be a novel
contribution in reference to Sri Lanka. In context of China, Hong Kong, India and
Japan, we have found many studies but with mixture of results like (Chkili 2012) and
(Beer and Hebein 2011) reported contrasting results in case of Hong Kong. Similarly,
(Mishra et al. 2007) and (Beer and Hebein, 2011) found different results for India.
(Kanas 2000; Yang and Doong 2004) and (Beer and Hebein 2011; Francis et al. 2006)
found contrasting results for Japan. Therefore there is still a gap to explore knowledge
about the volatility spillover dynamics in the selected countries. The other contribution
of this study is considering daily data covering period of 15 years in order to examine
volatility spillover in long run. The reason behind selection of daily data is to capture
more information that we can do in weekly and monthly data. Furthermore, the results
of this study will be important for economic policy makers, investors and multinational
firms. The policy makers will benefit from this study by knowing the behavior of two
markets in order to implement policies for financial stability perspective. Investors will
use the information to manage their international portfolio risk and currency risk strat-
egies. This study is also important for multinational firms which intend to manage their
international currency exposures.

The remainder of the paper is organized as follows. The second section presents the
literature. The third section presents the methods. The fourth section shows the results

and discussion. The fifth section presents the conclusions and policy implication.

Review of literature

There are numerous studies that investigated the volatility transmission mechanism
between stock and foreign exchange market. The literature can be divided into three
aspects; First, those studies that reveals bidirectional volatility spillover between the
two markets; Second, those studies which found unidirectional flow of volatility either
from stock to foreign exchange market or from foreign exchange market to stock mar-
ket; Third, those studies which reported no volatility spillover between the two markets.
The bidirectional flow of volatility between the two financial markets has been reported



Jebran and Igbal Financial Innovation (2016) 2:3 Page 4 of 20

by following studies, see (Aloui 2007; Andreou et al. 2013; Chkili 2012; Choi et al. 2010;
Francis et al. 2006; Mishra et al. 2007; Qayyum and Kamal 2006; Xiong and Han 2015).
Francis et al. (2006) examined US with Germany, Japan, UK and Canada. They observed
bidirectional volatility spillover between currency and equity market for German and US
countries. The transmission of volatility between the two markets has been found asym-
metric in nature. In other study, Aloui (2007) examined US equity and currency market
along with 5 major European countries. The analyses were carried out on EGARCH
model that confirms bidirectional volatility spillover between equity and currency market.
They concluded that persistence of the stock prices volatility was more than exchange
rate. Qayyum and Kamal (2006) examined the volatility spillover effects of the two finan-
cial markets for Pakistan. They concluded statistically significant bidirectional transmis-
sion mechanism of stock returns and exchange rate returns. Mishra et al. (2007)
empirically investigated the volatility dynamic effects between the two markets with refer-
ence to India. Their analyses show clear evidence of bidirectional flow of shocks between
the currency and equity market. Recently, similar results have been reported by (Kumar
2013; Panda and Deo 2014) for India. Choi et al. (2010) empirically investigated the New
Zealand currency and equity market for volatility transmission mechanism. They con-
cluded bidirectional mechanism of volatility for the two financial markets. Chkili (2012)
investigated 8 emerging markets i.e. Argentina, Brazil, Hong Kong, Malaysia, Singapore,
Mexico, Indonesia and South Korea by using BEKK-MGARCH model. Their analyses
reveal bidirectional shock spillover between two financial markets in most cases. Andreou
et al. (2013) analyzed 12 emerging markets including six from Asia and six from Latin
America. The analyses reveal bidirectional volatility spillover between equity and currency
market. Recently, Xiong and Han (2015) reported bidirectional volatility spillover between
the two markets for China.

The unidirectional transmission of volatility between equity and currency market
has been reported by following studies (Adjasi et al. 2008; Antonakakis 2012; Beer
and Hebein 2011; Chkili and Nguyen 2014; Ebrahim 2000; Fedorova and Saleem
2009; Kanas 2000; Kang and Yoon 2013; O’Donnell and Morales 2009; Okpara and
Odionye 2012; Yang and Doong 2004; Yang and Chang 2008). Ebrahim (2000) em-
pirically examined the flow of volatility of exchange rate on the developed equity
markets. The empirical evidence show asymmetric unidirectional price spillover for
all the selected models. Kanas (2000) made an attempt to explore the developed
equity countries i.e. France, Germany, US, Japan, Canada and UK for transmission
of volatility between the two markets. He found significant unidirectional volatility
effects flowing from equity returns to exchange rate returns for all economies ex-
cept Germany. In other study, Yang and Doong (2004) extended the literature for
G7 countries for currency and equity market spillover effects. Their results show
evidence of unidirectional transmission of shocks from equity to exchange rate
market for United States, France, Italy and Japan. O’Donnell and Morales (2009)
investigated Hungary, Slovakia, Czech republic and Poland. In case of Czech
Republic and Slovakia, they reported unidirectional flow of volatility from currency
rates to equity prices. Adjasi et al. (2008) empirically investigated Ghanaian stock
and currency market and found significant spillover from currency returns to
equity returns. Beer and Hebein (2011) made an attempt on studying the G8 coun-
tries with South Korea, Hong Kong, India and Philippines. The unidirectional
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shock flow has been observed from currency market to equity market for Japan,
India, US, Korea and Canada only. Yang and Chang (2008) carried out a study on
Taiwan, South Korea, Japan, Singapore and USA and reported unidirectional asym-
metric shock spillover from equity to currency market. Fedorova and Saleem
(2009) examined the shock spillover of currency with equity market in European
countries. Their empirical evidences showed currency spillover to equity market for
all countries except Czech Republic. Okpara and Odionye (2012) empirically found
unidirectional transmission of shocks from exchange rate to equity market for
Nigeria. Antonakakis (2012) examined cross border currency shock spillover before
and after Euro and other currency including Japanese yen, Swiss France and British
Pound. They found evidence of cross border shock spillover for all currencies.
Kang and Yoon (2013) reported unidirectional flow from exchange rate market to
equity market of volatility with reference to Korea. Chkili and Nguyen (2014) re-
cently examined the BRICS countries i.e. Brazil, Russia, India, China and South
Africa. They used regime switching model and found volatility spillover from stock
prices to exchange rate with no feedback from exchange rate.

In contrast to empirical evidences discussed in above literature, there are also
studies that reported no evidence of flow of volatility between stock market and
foreign exchange market, see (Apergis and Rezitis 2001; Kearney and Daly 1998;
Morales 2008). Apergis and Rezitis (2001) extended the literature for New York
and London and found no evidence of volatility transmission between currency
and stock market. Morales (2008) empirically studied Six Latin American countries;
Venezuela, Argentina, Mexico, Brazil, Colombia and Spain with a European coun-
try and found no clear evidence of flow of volatility between the two financial mar-
kets. Kearney and Daly (1998) tested the stated relationship for Australia and
found no evidence of volatility flow between currency market and stock market.

Methods

Data

In order to examine volatility spillover between stock market and foreign ex-
change market, we selected daily data covering period from 4" January, 1999 to
1** January, 2014 yielding a total of 3912 observations. The reason for using daily
data is to capture more information than we can do in weekly and monthly data.
The data for the selected equity markets of Asian countries is taken from Yahoo
finance.com. The stock market data is in daily closing stock prices indices. The
data for exchange rates are obtained from oanda.com. The data of all the selected
exchange rates for the selected countries is in local currency in terms of US dol-
lar. The data of stock prices and exchange rates consist of 5 trading days i.e. from
Monday to Friday. As this study is considering daily data so there were missing
observations in many countries data. It is basically due to non-trading at a par-
ticular date. The missing observations have been calculated by using interpolation
method. This is done in order to capture daily volatility spillover between the two
markets. The data of stock prices and exchange rates for each country has been
matched with each other on daily basis. The data is considered closing prices of
both stock market and foreign exchange market in a specific country to avoid
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timing conflict and to capture volatility transmission. This is done for the purpose
of examining volatility spillover aspects on daily basis.

Sample selection

This study aims to examine Asian countries. The sample includes six Asian countries
i.e. China, Hong Kong, Japan, Pakistan, India and Sri Lanka. The sample selection is
based on idea to examine the volatility spillover in a sample of developed and emerging
markets of Asia. So, the sample constitutes developed country of Japan and emerging
markets of China, India, Pakistan, Hong Kong and Sri Lanka. The sample also repre-
sents three Asian countries from East Asia; China, Hong Kong and Japan and the rest
of the three countries i.e. Pakistan and India and Sri- Lanka from South Asia.

Karachi Stock Exchange (KSE) has been selected as representative stock market for
Pakistan. The national currency of Pakistan is Pakistani Rupee (PKR). Colombo Stock
Exchange (CSE) is considered for Sri Lanka. The national currency of Sri Lanka is Sri
Lankan Rupee (LKR). Bombay Stock Exchange (BSE) is selected for India. The
exchange rate of India is Indian Rupee (INR). Shanghai Stock Exchange (SSE) is se-
lected for China. The national currency of China is Chinese Yuan (CNY). Tokyo Stock
Exchange (Nikkei) 225 is considered for Japan. The currency used in Japan is Japanese
Yen (JPY). Hang Seng Stock Exchange (HSSE) is selected for Hong Kong. The currency
used in Hong Kong is Hong Kong Dollar (HKD).

Unit root test

The time series data is considered non stationary at level. So the preliminary analyses
involves checking the stationarity of all the variables using unit root analyses or in
other words to know about the order of the integration. The analyses of stationarity is
carried out by two commonly used methods i.e. Phillips and Perron (1988) PP and
Dickey and Fuller (1979) ADF. Both tests have been carried out to know about order of
stationarity of all variables. Both of these tests are well established in literature.

EGARCH model

The empirical analyses for exploring volatility spillover is aimed to be captured by using
Exponential Generalized Autoregressive Conditional Heteroskedasticity (EGARCH)
model developed by (Nelson 1991). The simple GARCH model capture symmetric
shocks (positive shocks) and is unable to capture asymmetric shock (negative shocks).
It is widely argued that negative shocks are likely to create more volatility than positive
shocks having the same magnitude. The EGARCH model is able to capture both, sym-
metric and asymmetric shocks.

Therefore, EGARCH model is selected in order to capture asymmetric volatility spill-
over between the two markets. The EGARCH model is opted by numerous studies for
examining volatility spillover between stock market and foreign exchange market (see
for example, (Adjasi et al. 2008; Beer and Hebein 2011; Choi et al. 2010; Kanas 2000;
Mishra et al. 2007; Morales 2008; O’Donnell and Morales 2009; Okpara and Odionye
2012; Qayyum and Kamal 2006; Yang and Doong 2004). This study followed the follow-
ing step wise procedure for measuring volatility spillover. First, we have computed the
returns of stock indices and exchange rates for all countries by using formula; R; = Ln
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(P¢/Py 1); where R, is the return, Ln is natural log, P, is price today while P_; is previous
day price. The aim of this is to examine the conditional variance of stochastic segments
of returns. In second step, the ARCH effect has been tested by taking first lag of all
variable and than by applying the ARCH test and checking the probability of chi-
square. The significant value of chi-square represents ARCH effect in the underlying
variable. We examined ARCH effect because EGARCH model can be applied on data
in which ARCH effect exists means Auto Regressive Conditional Heteroskedasticity. In
other words, there must exist, the problems of autocorrelation and heteroskedasticity
in variables. In the third step, we have examined cross market volatility spillover
between stock and foreign exchange market in two ways. First, we have generated vola-
tility residual series from a specific EGARCH model for each variable separately. Then
after, the generated volatility residual series has been used as a proxy for shock emanat-
ing to other market. In examining volatility spillover from foreign exchange market to
stock market; we have used the volatility residual series of foreign exchange market as
shock emanating to stock market and vice versa. We applied EGARCH (1, 1) model in
order to examine volatility spillover separately for each selected Asian country.

EGARCH model for volatility spillover from foreign exchange market to stock market
Re = ap + a1 Re-1 + aoRe g gry + & (1)

St—l 81—1
———| + @ —=—=+ S (resid (ER)) (2)

vhi vhi

The equation (1) and (2) represent the EGARCH (1, 1) model, which is carried out
for examining volatility spillover from foreign exchange market to stock market in each

ht sp) = By + B1 a1 + 5,

country. The equation (1) is the conditional mean, while equation (2) is conditional
variance equation. In equation (1), R, is the return of stock price; « is intercept; a; is
coefficient of stock prices, which measure the effects of previous day return on today’s
return; o, measures the effect of exchange rates changes on stock returns and e, is
error term. In equation (2); h; (sp) represents log of conditional variance of stock prices;
Bo is the constant of volatility; f; h,_; represents the consistency and is a function of

volatility; f3, \j'}:—l captures the reaction of volatility to change in news; ¢ \j'h’—l measures
t-1 t-1

asymmetric effect of volatility; while & is the parameter that examines volatility spillover
from foreign exchange market to stock market. In equation (2), (resid (ER) represents
generated volatility residual series of foreign exchange market data. The shock spillover
from foreign exchange market to stock market has been examined accordingly for each
selected Asian country separately.

EGARCH model for volatility spillover from stock market to foreign exchange market

Ry =ap + a3 Rep + o Re_yspy + & (3)
St—l St—l

h =X+Mho+N—+0 + Y resi 4

t (ER) 0 M e A = N Y (resid (SP)) (4)

The equation (3) and (4) represents the EGARCH (1, 1) model that has been carried
out for investigating volatility spillover from stock market to foreign exchange market
in each country. The equation (3) is the conditional mean while equation (4) is
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conditional variance equation. In equation (3), R, is the return of exchange rate; o is
intercept; a; represents effects of previous day return on today returns of exchange
rates; o, measures the effect of stock prices changes on exchange rate returns and e is
error term. In equation (4); h; () represents log of conditional variance of exchange
rate; \g is the constant of volatility; A; h, _; represents the consistency and is a function

g1 g1

of volatility; A, \/h—‘ captures the reaction of volatility to change in news; ¢ Ui mea-
t-1 t-1

sures asymmetric effect of volatility. The parameter y is the coefficient which examines
the volatility spillover from stock market to foreign exchange market. In equation (4),
(resid (SP)) represents generated volatility residual series of stock market data which
has been created through EGARCH model of stock prices for purpose of measuring
shock spillover from stock to foreign exchange market. The volatility spillover from
stock market to foreign exchange market has been examined accordingly for each se-
lected Asian country separately.

Results and discussion

The preliminary analyses involve checking the behavior of the data. Table 1 reports the
summary statistics of stock market returns and exchange rate returns. The returns are
estimated by taking first difference of stock prices and exchange rates. The analyses re-
veal that Pakistan equity market represents mean daily return of 0.08 % that records
the highest mean daily return while stock market of Japan represent mean daily return
of 0.004 % that report lowest mean return among the selected equity markets. The
stock market of China show mean return of 0.01 %; Hong Kong equity market 0.02 %;
stock market of India 0.04 % and stock market of Sri Lanka show mean daily return of
0.08 %. The stock market of India is highly volatile (1.56 %) followed by China (1.54 %)
while stock market of Sri Lanka is least volatile (1.12 %) among selected equity markets.
The analyses show evidence that all the equity markets data is negatively skewed. The
Figs. 1, 2, 3, 4, 5 and 6 represent the graphical representation of stock returns of all the

Table 1 Summary statistics

Countries Mean (%) SD (%) Skewness Kurtosis Jarque-Bera

Stock Returns

China 0.01 1.54 —-0.0258 7.5784 3417
Hong Kong 0.02 1.53 -0.0755 10.9303 1025
India 0.04 1.56 -0.1138 9.7135 7355
Japan 0.004 147 -0.6614 8.8684 5898
Pakistan 0.08 1.39 —-0.3471 6.0991 1644
Sri Lanka 0.05 112 —0.3443 23.3727 6773

Exchange Rate Returns

China -0.0077 1.04 —2.3602 56.1120 4634
Hong Kong 0.000026 1.28 2.3450 232305 8574
India 0.0094 3.04 -04613 103073 8842
Japan -0.0019 2.89 -0.0524 56247 1124
Pakistan 0.018 5.87 -0.0789 14.0504 1990
Sri Lanka 0016 6.01 0.1262 28.4906 1059

Mean represents the mean daily return
SD represents standard deviation
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Fig. 1 Stock returns of China
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selected countries. The figures of the stock returns elaborates that all the stock market
indices represents volatility clusters in the selected period of study. The analyses are
based on 3912 observations for both stock prices returns and exchange rate returns.
Similarly descriptive statistics has been carried out to examine the behavior of
exchange rates for the selected period of study. Among the selected countries exchange
rates, Pakistan exchange rates show highest mean daily return of 0.018 % while Chinese
exchange rate shows lowest mean daily return of —-0.0077 %. The Japanese currency
show mean return of —0.0019, Hong Kong currency show 0.000026 %; Indian exchange
rate show 0.0094 %; whereas Sri- Lankan currency shows mean daily return of 0.016 %.
The Chinese currency and Japanese currency shows negative mean returns. This might
be due to the fact that the local currencies of Japan and China have shown appreciation
to US Dollar. The Sri Lanka exchange rate and Hong Kong exchange rate are found
positively skewed while Pakistan, India, Japan and Chinese currencies are found nega-
tively skewed. The Chinese exchange rate is least volatile (1.04 %) while Sri Lanka
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Fig. 2 Stock returns of India
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currency is found more volatile (6.01) among selected countries. The Figs. 7, 8, 9, 10,
11 and 12 represents the graphical representation of the exchange rate return of the se-
lected countries. The figures represents that all the selected exchange rate returns show
volatility clustering in the selected period.

Table 2 reports the results of unit root tests. The analyses of unit root as mentioned
will be performed using two tests named Phillips and Perron (1988) PP test and Aug-
mented Dickey and Fuller (1979) ADF test. The analyses are carried on data by taking
natural logarithms of exchange rates and stock prices for all countries. The PP test rep-
resents stationarity of all variables at 1** difference. Similarly ADF test show stationarity
of all variables at 1° difference.

The transmission mechanism of volatility is aimed to be captured by employing
EGARCH model. So the underlying variables (stock prices and exchange rates) have
been examined for the purpose of ARCH effect. The ARCH effect represents the pres-
ence of autocorrelation and heteroskedasticity issues in data. The EGARCH (1, 1)
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model can be applied on data having ARCH effect in data. The ARCH effect is tested
by taking first difference of the variables and than by applying the ARCH test. The sig-
nificant value of chi-square represents ARCH effect in the underlying variable. Table 3
reports the results of ARCH test. The result points to the evidence of existence of
ARCH effect in all the selected countries stock prices and exchange rates. Hence, we
can apply EGARCH (1, 1) model.

The final step is to examine volatility spillover between stock and foreign exchange
market by employing EGARCH (1, 1) model. We have examined each market informa-
tion spillover separately for each country. First, we have carried out analyses by exam-
ining spillover of volatility from foreign exchange market to stock market; after that,
we have examined spillover of volatility from stock to foreign exchange market. The
suitable lag value for each model is selected on the basis of Akaike information

criterion.
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Fig. 6 Stock returns of Japan
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Table 4 reports the estimated results of EGARCH (1, 1) model in which volatility
spillover between foreign exchange market and stock market in selected countries are
explicitly analyzed. The analyses reveal statistically significant bidirectional volatility
spillover between foreign exchange market and stock market of Pakistan. The results of
Pakistan tallies with (Qayyum and Kamal 2006). The analyses also show evidence of
significant bidirectional spillover of volatility between the two financial markets (stock
market and foreign exchange market) for China. In context of Hong Kong, the analyses
reveal bidirectional informational spillover between the two financial markets. The re-
sults of Hong Kong are consistent with (Chkili 2012). The evidence are however incon-
sistent with (Beer and Hebein 2011), which reported symmetric volatility spillover
(positive shocks have greater effect than negative shocks) between the two markets.
The analyses also reveal bidirectional informational spillover between foreign exchange
market and stock market of Sri Lanka. In case of India, the analyses doesn’t show any

evidence of spillover of volatility from exchange rate market to equity market, however
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Fig. 8 Exchange rate returns of India




Jebran and Igbal Financial Innovation (2016) 2:3 Page 13 of 20

.08

-.04

-.06

e —
L R N W A S S W S-SR >
O \) \) Q \) Q \) \) \) Q \) N A
N S S S S SR O S S S SO e

Fig. 9 Exchange rate returns of Sri Lanka
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there is significant volatility spillover from stock to foreign exchange market. Contrast-
ing results have been reported by previous studies like (Mishra et al. 2007; Kumar
2013), who reported bidirectional informational spillover for India. Similarly (Beer and
Hebein 2011) found unidirectional currency market volatility spillover to stock market
for India. The analyses reveal no volatility spillover between the two financial markets
in case of Japan. The results for Japan are contrasting with (Kanas 2000; Yang and
Doong 2004), who reported spillover from stock returns to exchange rate returns and
also (Beer and Hebein 2011; Francis et al. 2006), who found foreign exchange market
volatility spillover to stock market. The bidirectional spillover in reference to Pakistan,
China, Sri Lanka and Hong Kong was found asymmetric in nature, means negative
shocks tends to generate more volatility than positive shocks. The persistence of for-
eign exchange market volatility was found greater than stock market volatility for all
countries.
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Fig. 10 Exchange rate returns of Hong Kong
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The mean equation results show that the changes in exchange rate have significant
negative impact on stock returns of Pakistan while positive in case of Hong Kong and
Sri Lanka; however insignificant for China, India and Japan. The significant negative

effect reveal that changes in foreign exchange market reduces stock returns in case of

Pakistan. This negative effect has many reasons. One of the reasons is that foreign ex-
change market decreases the profitability and as well as stock prices of the firms. For
economic perspective, there will be negative effect of foreign exchange market fluctua-
tions on international trade, trade balances and country competitiveness. Consequently,
it may decrease real income and economic growth. These results in line with number
of studies like (Aloui 2007; Walid et al. 2011; Yang and Doong 2004), which reported
negative effect of foreign exchange rate volatility on stock returns. These findings sup-
port the theoretical prediction of stock oriented model that reveal negative relationship
of exchange rate and stock prices. The significant positive effect of foreign exchange
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Table 2 Unit root test

PP Test ADF Test
Stock Price

Level 1" Diff, Level 1" Diff.
China -1.81 —6241% -1.78 —62.37%
Hong Kong -1.83 —62.70* -1.83 —62.70%
India -0.92 —57.72*% -093 —57.84%
Japan -1.58 —63.04* -166 —62.97%
Pakistan =11 —57.72*% =115 —5591%
Sri Lanka -044 -50.11* -0.39 —40.83*
Exchange Rates
China 1.76 —9.88* 1.79 —73.17%
Hong Kong —247 —46.07* —2.01 —84.08*
India —-0.80 -10.57*% —046 —62.57%
Japan —142 —57.51% -139 —57.51%
Pakistan 0.99 —12.90% 0.26 —125.0%
Sri Lanka -201 -10.16* -1.98 -102.1%

*indicates p<1 %

Critical Values at 1 %, 5 % and 10 % are —3.43, —2.86 and —2.56 respectively
PP is Phillips Perron test

ADF is Augmented Dickey Fuller test

market on stock returns of Hong Kong and Sri Lanka show other scenario as compare
to negative effect in case of Pakistan. This represents the phenomena that foreign
exchange market increases stock returns of firms. The results support the flow oriented
model that postulates positive relationship of exchange rates and stock prices. The
insignificant effect of exchange rate effects on stock returns in case of China, India and
Japan may reveal the effective hedging strategies against the currency risk in these

countries.

Table 3 ARCH Test

Countries Constant AR(T) ARCH Test
Stock prices

China 016(0.51) 0.002(0.88) 87.423%(0.00)
India 0.044(0.07) 0.077%(0.00) 148.116%(0.00)
Hong Kong 0.021(0.37) —0.002(0.85) 61.452*(0.00)
Japan 0.005(0.82) —0.007(0.65) 255.404%(0.00)
Pakistan 0.0755%(0.00) 0.111%(0.00) 384.369%(0.00)
Sri Lanka 0.046%(0.00) 0.223*(0.00) 354.024%(0.00)
Exchange rates

China —0.009%(0.00) —0.165%(0.00) 42.029*(0.00)
India 0.009(0.20) 4.19E-05(0.99) 199.512*(0.00)
Hong Kong 3.05E-05(0.96) —0.221%(0.00) 1212.189%(0.00)
Japan —0.001(0.89) 0.084%*(0.00) 37.534%(0.00)
Pakistan 0.025(0.09) —-0.401%(0.00) 378.305%(0.00)
Sri Lanka 0.022**(0.01) —0.349%(0.00) 497.900%(0.00)

Probabilities are shown in parenthesis
ARCH test is the arch effect test
* and ** indicates p<1 % and 5 %



Table 4 Volatility spillover between stock and foreign exchange market

Volatility spillover from foreign exchange market to stock market

Qo
Pakistan 0.1308*(0.0118)
China 0.0274(0.0176)
India 0.0432**(0.0176)
Japan 0.0036(0.0184)
Hong Kong 0.0187(0.0178)
Sri Lanka 0.0395*(0.0101)

a
0.0904*(0.0166)
0.0036(0.0152)
0.09568%(0.0166)
0.0040(0.0181)
0.0447%(0.0173)
0.2734*(0.0145)

Qaz
—0.0314*%(0.0316)
—0.2383(0.20998)
—0.0349(0.0417)
0.0566(0.0331)
0.6565*%(0.0352)
0.0328**(0.0156)

Volatility spillover from stock market to foreign exchange market

Qo
Pakistan —0.0006*(0.0019)
China —0.0033*(0.0005)
India —0.0015%(0.0028)
Japan 0.0030(0.0081)
Hong Kong 0.0003**(0.0001)
Sri Lanka —0.0086*%(0.0042)

A
—-0.3272%(0.0162)
—0.1727%(0.0120)
—0.0479*%(0.0148)
0.07207%(0.0157)
0.0581*(0.0125)
—0.2001*(0.0105)

a2
0.0254%(0.0010)
0.0018*(0.0002
—0.0232*(0.0007)
0.0864(0.0059)
0.00002(0.00009)
—0.0549%(0.0010)

Bo

—0.2466*(0.0106
—0.0794%(0.0040
—0.1591*(0.0081
—0.1321*(0.0096
—0.0878%(0.0074
(

—0.3666%(0.0076,

Ao

—0.2573%(0.0028
—0.0776*(0.0014
—0.1103%(0.0042
—0.1097*(0.0105
—0.1507*(0.0030
(

—0.0694%*(0.0007

B>

0.3771%(0.0174
0.1240%(0.0058
0.2345% 11
0.1964* 23
0.1227%(0.0098

(
(
00
00
(
04611%(0.0109

Ao

0.3718%(0.0044,
0.0399%(0.0012
0.1351%(0.0050,
0.1048%(0.0099
0.2401*(0.0040
(

0.1278%(0.0017

¢
-0.0735%(0.0107

(
—0.0214%(0.0039
—0.0949%(0.0081
—0.0745%(0.0064
—0.0558%(0.0058
—0.0224%(0.0086,

¢
—0.0140*%(0.0068)
—0.0390*(0.0022)
0.0064*%(0.0029)
—0.0305*(0.0057)
—0.0683*(0.0035)
—0.0606%(0.0023)

B

0.9037*
0.9840*
0.9650%
0.9640%
0.9876*
0.9184*

0.0057
0.0018
0.0032
0.0042
0.0018
0.0032

)
)
)
)
)
)

A

0.9802%
0.9884*
0.9930%
0.9731*
0.9996*
0.9957*

0.0010
0.0002
0.0005
0.0037
0.0004
0.0005

)
)
)
)
)
)

6
0.0852*(0.0101)
—0.2346*(0.0567)
0.0232(0.0188)
—0.0217(0.0135)
—0.7025%(0.2054)
0.1280%(0.0244)

v
0.03726%(0.0021)

—0.0959%(0.0018)
—0.0189%(0.0024)
—0.0056(0.0033)

—0.0272*(0.0025)
—0.0305%(0.0017)

arch

1.13560.28
0.32150.57
0.04040.84
06187043
1.09990.26
0.83590.20

arch

0.04460.83
04853048
1.02770.31
0.78710.37
1.74380.18
1.03040.31

* and ** indicates p<1 % and 5 %
For coefficients go to equation 1 to 4

Figures in parenthesis are standard errors

Arch is the arch test on residuals of each model

The figures below the coefficients of arch test are probabilities

& represents volatility spillover from foreign exchange market to stock market
Y represents volatility spillover from stock market to foreign exchange market
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The mean equation also reveal that stock market fluctuations have significant nega-
tive effect on exchange rate returns in case of India and Sri Lanka while significant
positive in case of China and Pakistan; however insignificant for Hong Kong and Japan.
This reveals that increase in stock prices effect exchange rates negatively in case of
India and Sri Lanka. The negative effect in which causality runs from stock prices to
exchange rate, support the theoretical prediction of portfolio balance model that points
to the phenomena that increase in domestic stock prices compel investors to hold more
domestics assets, which motivate them to sell their foreign assets in order to have more
domestic currency in hand for the purpose of buying domestic assets. The increase in
domestic wealth compel investors to demand for more domestic assets leading to in-
crease in interest rates that further leads to currency appreciation. According to Aloui
(2007), the effect of stock market on local currency can be explained by the phenomena
that stock returns can be used to forecast changes in economic activities denoted by in-
dustrial production and profits, real economic growth, and employment rate. The weak
or no impact of stock prices on exchange rate in case of Hong Kong and Japan sup-
ports the theoretical prediction of monetary approach that postulate no relationship of
exchange rate and stock prices.

The variance equation results indicate that the coefficient § measuring volatility spill-
over from foreign exchange market to stock market is positive in case of Pakistan and
Sri Lanka, while negative in case of China and Hong Kong. The positive coefficient in-
dicates that foreign exchange market volatility is increasing the volatility of stock mar-
ket while negative coefficient reveals that foreign exchange market volatility is
decreasing volatility of stock market. The positive coefficient results are in line with
(Mishra et al. 2007).

The variance equation also indicates that the coefficient y measuring volatility spill-
over from stock to foreign exchange market is negative in case of China, India, Hong
Kong and Sri- Lanka, while positive in case of Pakistan. This negative coefficient indi-
cates that stock market volatility is decreasing volatility of foreign exchange market
while positive coefficient indicates that stock market volatility is increasing the volatility
of foreign exchange market.

In sum, the results show bidirectional volatility spillover between stock and foreign
exchange market of China, Hong Kong, Pakistan and Sri Lanka, while unidirectional
volatility spillover from stock to foreign exchange market of China, however show no
volatility spillover for Japan. The results imply that in case of a develop country Japan,
the no volatility spillover between the two market elaborates effective strategies against
the stock market and exchange rate fluctuations. Furthermore, the absence of volatility
spillover from foreign exchange market to stock market in case of India would repre-
sent the effective hedging strategies against currency risk. The bidirectional volatility
spillover in case of China, Hong Kong, Pakistan and Sri Lanka would represent the in-
formational inefficiency of these stock markets. The difference in the relationship of
stock and foreign exchange market in the selected sample would represent that the
volatility spillover between the two markets is less effective in develop country as com-
pared to an emerging economy.

For checking robustness of the results of our study, we have checked the ARCH ef-
fect on the residuals of each model to know whether the ARCH effect still exists in the
model after estimation of the model. Table 4 reports the results of ARCH test that
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reveal that there exists no problem of ARCH effect after estimation of model for all se-
lected countries.

Conclusions

This study investigated the dynamics of volatility spillover between stock market and
foreign exchange market in Asian countries i.e. China, India, Japan, Hong Kong,
Pakistan and Sri- Lanka covering the period 4™ January, 1999 to 1° January, 2014. In
this study, EGARCH (Exponential Generalized Auto Regressive Conditional Heteroske-
dasticity) approach was applied to investigate the asymmetric spillover of volatility be-
tween the two financial markets. The empirical evidences show statistically significant
bidirectional volatility spillover of stock and foreign exchange market for China, Hong
Kong, Pakistan and Sri Lanka. In case of India, the results reveal unidirectional stock
market volatility spillover to foreign exchange market. For Japan, the two financial mar-
kets (foreign exchange market and stock market) show no evidence of volatility spill-
over between them. The spillover of volatility in all markets was found asymmetric in
nature (negative shocks generate more volatility than positive shocks of same magni-
tude). The overall persistence of foreign exchange market volatility was found greater
than stock market volatility.

The finding of this study has several implications for economic policy makers and in-
vestors. For economic policy makers, they may be able to better understand that how
the stock market and foreign exchange market volatility effect each other and the eco-
nomic consequences that may arise by integration of these two markets. According to
(Walid et al. 2011), the negative effect of foreign exchange market volatility on stock
market may reduce country’s competitiveness, international trade and trade balances.
In this way, it may adversely effect the economic growth of the country. It is also ar-
gued that stock market volatility have non favorable effect on foreign exchange market.
This may be explain by the phenomena of portfolio balance model that reveals that in-
crease in domestic stock prices will increase investor’s demand for domestic assets, by
selling foreign assets in order to have more domestic currency, leading to increase in
interest rates that further lead to currency appreciation. In this regard, policies would
be formulated and implemented, to manage the volatilities of foreign exchange market
and also stock market for financial stability perspective.

For international portfolio managers and hedgers, the volatility transmission between
the two financial markets may provide them benefit in predicting the behavior of one
market by having the information of other market. Investors can formulate effective
hedging strategies against fluctuations of foreign exchange market which can prevent
them in future financial crises. They may be able to know about the informational effi-
ciency of the selected countries stock markets. They may be able to manage effective
portfolios in the selected countries to enhance their stock returns.

Endnotes

'Depreciation means increase in value of domestic currency.

*Appreciation means lowering in value of domestic currency to foreign currency.
Hence, there is negative relationship between stock price and exchange rates.
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3The overall discussion is based on studies of (Adjasi et al. 2008; Jebran 2014; Kanas
2000; Mlambo et al. 2013; Morales 2008; O’Donnell and Morales 2009; Yang and
Doong 2004).
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