
sustainability

Article

Stock Market Integration of Pakistan with Its Trading
Partners: A Multivariate DCC-GARCH
Model Approach

Ahmed Shafique Joyo 1,2,* and Lin Lefen 1,*
1 College of Finance, Nanjing Agricultural University, Nanjing 210095, China
2 School of Business Administration, Shaheed Benazir Bhutto University, Shaheed Benazirabad,

Nawabshah 67450, Pakistan
* Correspondence: 2016218006@njau.edu.cn (A.S.J.); lefenlinna@njau.edu.cn (L.L.)

Received: 27 November 2018; Accepted: 29 December 2018; Published: 9 January 2019
����������
�������

Abstract: A decade after the global financial crisis, the developments in stock market integration have
increased the stability and liquidity of markets, and decreased the diversification benefits for investors.
International trade is an important determinant of stock market interdependence. The objective
of this study is to analyze the co-movements and the portfolio diversification between the stock
markets of Pakistan and its top trading partners, namely China, Indonesia, Malaysia, the United
Kingdom, and the United States. We employed Dynamic Conditional Covariance (DCC)-Generalized
Autoregressive Conditional Heteroscedasticity (GARCH) methodology with student t-distribution
to examine time-varying correlation and volatilities of stock markets of Pakistan and its trading
partners. We used Morgan Stanley capital international (MSCI) daily returns data of developed
and emerging markets for the period 2005 to 2018. The results of the study highlighted that stock
markets of Pakistan and its trading partners were closely integrated during the financial crisis of
2008, while the integration among stock markets decreased substantially after the period of financial
crises. Furthermore, the results showed the slow decay process. Therefore, it is a positive sign for the
Pakistani and international investors to diversify their portfolio among the stock markets of Pakistan
and its trading partners.
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1. Introduction

Trade and financial linkages are known to be important determinants of international stock market
integration [1–3]. International stock markets have become more interconnected over time [4]. A high
level of integration has reduced the benefits of portfolio diversification among developed markets,
and therefore the investors moved their investments from developed to emerging markets [5]. The
analysis of the degree of international stock market integration has attracted a great deal of interest.
Various researchers have tested the integration between the markets using new techniques [6]. Still,
the literature has a gap for new studies on the combination of developed and emerging markets
with portfolio diversification benefits [7]. Trade plays a fundamental role in the linking of Pakistan
with other countries. In this study, we selected the stock markets of the important trading partners
of Pakistan. Interestingly, the top trade partners of Pakistan include both developed and emerging
countries, which have a low integration among themselves, therefore such a portfolio can benefit
portfolio investors.

The term “stock market integration” refers to an area of research in financial economics that
covers many aspects of interrelationships between stock markets. Integration of financial markets is

Sustainability 2019, 11, 303; doi:10.3390/su11020303 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-6949-4529
http://www.mdpi.com/2071-1050/11/2/303?type=check_update&version=1
http://dx.doi.org/10.3390/su11020303
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 303 2 of 23

also described as “co-movement”, “synchronization” or “correlation” [8,9]. Stock market integration
brings unification between the markets and reduces frictions. Globalization has played its role in
increasing cross-border trade and capital flows by easing the barriers, due to which markets have
integrated [10,11]. However, modern portfolio theory [12] suggests the investors find less integrated
markets optimal for risk-adjusted returns. Therefore, from the investors’ viewpoint, market integration
reduces portfolio divarication opportunities. Due to the unification of markets, the shocks originating
in one market are more quickly transmitted to other markets, increasing the risk of contagion [13]. For
example, The Global Financial Crisis (GFC) of 2007–2008 which started out in one sector of the US
economy rapidly turned into a global crisis due to the interconnectedness of markets [14]. However,
investors could gain portfolio diversification benefits by monitoring volatility and linkages among
stock markets [15].

The GFC of 2007–2008 severely affected the global financial markets. With the outbreak of GFC
the KSE-100 index lost 55 percent of its value. To control the worsening situation, the floor of Karachi
Stock Exchange (KSE), was fixed for about 110 days [16]. The investors in Pakistan lost trust and a
major capital flight was observed in subsequent days. After the GFC, three stock exchanges of Pakistan,
namely, KSE, Lahore stock exchange (LSE), and the Islamabad Stock Exchange (ISE), went through
major structural changes towards financial openness to encourage local and foreign investment. In
2015 three stock exchanges of Pakistan were integrated to form Pakistan stock exchange (PXE). As
a result of this, PXE emerged as one of the best-performing markets of Asia in the year 2016. PXE
was classified as an Emerging market (EM) by Morgan Stanly Capital International (MSCI) and the
International Monetary Fund (IMF) in 2017 [17]. In 2017, the KSE-100 Index again dropped and posted
a negative return of 20% in US dollar terms. This year was the worst for the PXE since the financial
crisis which enveloped global equity markets in 2008 [18]. Investors avoided fluctuation in local stock
markets by investing internationally [19].

According to studies conducted by Abdul Karim and Shabri Abd. Majid [20], and Paramati,
et al. [21] trade between two counties is an important factor for long-term relationships between
stock markets. Therefore, this study aims to analyze the integration of Pakistani stock markets with
its trading partners. This study provides insight into a valuable combination of stock markets for
portfolio investment based on the trade relationship. This study discovers a new horizon which is
appealing for investors by which they can maximize portfolio return. Finally, it is also important for
policymakers to understand the dynamic relationship of Pakistan with its trading partners. To the
best of our knowledge, no prior study has been conducted with advanced techniques by taking into
account the time-varying volatility and correlation among the selected markets. In this study, we
tried to fill the gap in the empirical literature by determining the stock market integration of Pakistan
with its trading partners. The present study systematically analyzes the short-run dynamics in a
time-varying framework of this interdependence. Furthermore, we employed the dynamic conditional
correlation-generalized autoregressive conditional heteroscedasticity (DCC-GARCH) model [22] to
determine time-varying volatilities and correlation between stock markets.

The rest of the paper is structured as follows. The second section provides a review of the literature
about the integrations of stock markets. The third section entails the data sources and empirical models.
The fourth section describes the empirical results of the study. The last section concludes the study.

2. Review of Literature

The study of existing volatilities and correlations among the assets is the fundamental
consideration for the investors. They prefer security portfolios with low risk and high returns.
Fundamental modern portfolio theory [12] suggests diversifying the portfolio to reduce the risk.
The concept of portfolio diversification was further strengthened by Grubel [23], who suggested
diversifying the portfolio to international markets with a low correlation among them. Researchers
have explored several combinations of the stock markets around the world. These studies found



Sustainability 2019, 11, 303 3 of 23

different levels of the relationship between international stock markets. These studies have focused on
countries of different trade blocks or regional blocks.

The literature shows advantages as well as disadvantages of market integration. The integration
of markets brings unification in the markets for investors; the market integration decreases the
diversification benefits. Ferreira [24] states that market integration has a positive impact on the
growth of the economy, and overall welfare is increased due to better allocation of household savings.
Nonetheless, if capital inflows due to the integration are not properly allocated, market integration
could cause financial instability and the growth is not achieved, and the risk of contagion is also
increased due to market integration. Moreover, a common disadvantage found by researchers of stock
market integration is that the increasing integration among the stock markets has decreased portfolio
diversification benefits for investors, especially after the GFC [25,26].

The literature discloses that there are several determinants of international stock market
integration. Some of the studies found trade linkage of countries as the most significant determinant
of the mutual interdependence of stock markets [3,9,27,28]. Conversely, studies conducted by Gupta
and Guidi [5] and Elyasiani, et al. [29] stated that bilateral trade does not affect the stock market
synchronization between countries. Due to the increasing trade relationships among countries,
empirical studies have again attempted to investigate stock market long-run relationships between
trading partner countries, but these studies are limited to a few countries.

There is an extensive literature available on stock market integration between different regional
and international markets. We mainly focused on studies based on the trade relationship from different
parts of the world. Paramati, et al. [30] studied the stock market relationship between Australia and its
trading partners. They used cointegration, asymmetric dynamic conditional correlation-generalized
autoregressive conditional heteroscedasticity (AGDCC-GARCH), and multivariate regression models.
The study found strong cointegration and correlation between Australia and its trading partners’ stock
markets. Another study investigating the stock market relationship between China and Australia
based on the trade linkages also found that trade relationship positively influences the stock market
relationships between two countries. This study made use of ordinary least squire (OLS), dynamic
OLS (DOLS), and fully modified OLS (FMOLS) models.

Moreover, Paramati, et al. [21] examined the relationship between the stock markets of Australia
and its trading partners. To access the effect of trade intensity, they classified Australian trade partners
into the major, medium, and minor trading partners. They examined the effect of each category of
trading partner’s trade intensity separately. Results of the study revealed that trade intensity has
no effect in the long-run on the relationship between markets. Results also showed that Australian
stock markets were more integrated to developed countries as compared to less developed countries.
Furthermore, during the global financial crisis, the level of integration of Australia with its partners
increased, and was highest during the GFC, compared to pre- and post-GFC.

Furthermore, Vo [31] investigated trade and financial integration among Asian countries.
The bidirectional causality was found generally among the selected markets. Results revealed that trade
and stock markets affect each other in Asian countries. Dhanaraj, et al. [32] found that the integration
of macroeconomic variables in newly industrialized Asian countries does not cause integration of their
stock markets. Results showed that an increase in bilateral trade intensity does not increase the stock
market integration. They estimated forecast error variance decomposition (FEVD) using the vector
autoregressive (VAR) model and the macroeconomic variables were regressed on FEVD using time
series regression. In a detailed study conducted by Vithessonthi and Kumarasinghe [33] used stock
market prices data from 15 countries for 28 year period concluded that financial development of a
country supports the stock market integration, while bilateral trade integration of a country does not
affect its stock market integration with other countries.

Thuy bich nguyen and huynh lam [34] considered the relationship between Vietnam and five
Asian countries to access the stock market integration. This study found a positive effect of financial
integration on the stock market integration. The study used fixed and random effects models. Abdul
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Karim and Shabri Abd. Majid [20] selected the major trading partners of Malaysia to analyze short-term
dynamic relationships and connectedness of stock prices. They applied the Autoregressive Distributed
Lag (ARDL) model using weekly stock prices for a period of 16 years. These stock markets were found
to be integrated and a positive effect of bilateral trade was found by the study. Similarly, Abdul Karim
and Abdul Karim [35] studied the integration of the Malaysian stock market with its trading partners
by using Vector Error Correction Model (VECM) and Granger causality tests with weekly data. They
supported the idea that stronger trade ties the stock market integration between the countries.

In the North American Free Trade Agreement (NAFTA) region, Daelemans, et al. [36] uniquely
examined the effect of the free-trade agreement on the volatility of stock market returns and exchange
rate fluctuations. The free-trade agreement had reduced the volatility of returns and increased the
exchange rate fluctuations between the US and Canada. In the case of Mexico, both the volatility of
returns and the exchange rate were high. In Latin America, [24] studied the stock market integration
between Portugal and Brazil amid increasing trade and investment between them. The author used
non-linear methodologies such as detrended fluctuation analysis (DFA), detrended cross-correlation
analysis (DCCA), and detrended moving-average cross-correlation analysis (DMCA). This study
found that the stock market integration between two economies increased over the period and the
economic crisis decreased the stock market integration. Chiou [37] mentions in his study that investors
from Latin American countries could benefit more from international diversification as compared
to the investors of the other developed countries of the study during the study period. However,
the diversification benefits decreased due to the global financial crisis and the increased integration
among the selected markets also. Panda and Nanda [25] examined the connectedness among the
stock markets of the Latin American countries. They found an increasing connectedness among the
countries with the passage of time. The study further disclosed that the asymmetry among the highly
integrated markets was relatively less than the markets with low integration.

In the above review of previous studies, we found that there is stock market integration in most
cases. Bilateral trade has an impact on stock market integration in the case of developed countries such
as Australia. In the case of emerging economies, integration among stock markets and the impact of
trade intensity on the stock markets is lower. Few studies are found from the literature which analyzed
the relationship between stock markets in the context of emerging and developed countries based on
the trade relationships. Therefore, we expect that a low level of integration could be found in the case
of emerging and developed countries thus creating an opportunity for the investors. A summary of
important empirical studies of stock market integration is shown in Table 1.
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Table 1. Summary of Important Empirical Studies on Stock Market Integrations.

Studies Countries Data and Frequency Models Results

Paramati, S. R., Roca, E., &
Gupta, R. [30]

Australia and ten Asian
trade partners.

MSCI weekly prices for the
period 1999 to 2013.

Cointegration,
AGDCC-GARCH, and Multiple

regression models.

Increasing trade linkages have
increased the stock
market integration.

Paramati, S. R., Zakari, A., Jalle,
M., Kale, S., & Begari, P. [38] Australia and China.

MSCI weekly prices for the
period January 1993 to

December 2015.

OLS, DOLS, and,
FMOLS models

Trade caused an increase in stock
market integration and decreased

the portfolio diversification.

Paramati, S. R., Gupta, R., &
Hui, A. [21]

Australia, and 13 trade and
investment partners.

Weakly closing prices from
1992 to 2013.

Cointegration,
AGDCC-GARCH, and

Multiple regression.

There are varying Cointegration
and correlation which has changed

before and after GFC.

Vithessonthi, C., &
Kumarasinghe, S. [33]

Fifteen developed and the
developing countries

in Asia.

Daily MSCI stock returns
1985–2013 and other yearly

economic indicators.

OLS Regression, Fixed Effect,
Random effect, and correlation.

A country’s financial development
has an impact on the stock market

integration with international
stock markets.

Thuy Bach Nguyen, T. H., &
Huynh Lam, A. [34]

Vietnam and five ASEAN
countries.

Daily MSCI stock returns
2000–2015 and other economic

indicators.

OLS Regression, Fixed Effect,
Random effect, and correlation.

Trade integration affect stock
market integration.

Abdul Karim, B., &
Shabri Abd. Majid, M. [20]

Major trading partners
of Malaysia. Weekly stock indices 1992–2008. ARDL, and VAR models.

Malaysian stock market is found to
be integrated with the stock

markets of its trading partners.

Abdul Karim, Z., & Abdul
Karim, B. [35]

Malaysia and its major
trading partners. Weekly data from 1998–2007. Cointegration, VECM and

Granger causality test.

The stronger the economic ties
between the countries higher the

stock market integration.

Chevallier, J., Nguyen, D. K.,
Siverskog, J., & Uddin, G. S. [39]

Fourteen countries from
Pacific Basin.

Daily stock indices return for
the period of 1993–2014.

Diebold and Yilmaz [40,41]
Spillover index and impulse

response. function (IRF).

ASEAN emerging markets are
exposed to US shocks. Stock market
interrelationship has increased over

time which reduces the
diversification benefits.
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Table 1. Cont.

Studies Countries Data and Frequency Models Results

Daelemans, B., Daniels, J. P., &
Nourzad, F. [36]

Canada, Mexico, and the
United States.

Daily stock indices return for
the period of 1994–2014.
Bilateral exchange rates.

DCC-GARCH model.

Free-trade agreement affects
differently to exchange rate and

stock market returns.
Canada and Mexico are more

correlated as compared to the USA.

Najeeb, S. F., Bacha, O., &
Masih, M. [42]

Different benchmark mark
Islamic stock indices.

Daily closing prices for the
period of 2006–2013.

DCC-GARCH, continuous
wavelet transformation (CWT),
and Maximum Overlap Discrete

Wavelet Transform
(MODWT) models.

There are portfolio diversification
benefits for the investors in Islamic

stock market for the short
holding period.

Jiang, Yu, & Hashmi. [43]
Six Major Economies US,

UK, mainland China, Hong
Kong, Japan, and Germany.

Period divided into three
sub-periods. Daily stock market

prices June 2006 to July 2010.

VAR model, Granger causality
tests and impulse response.

The GFC has increased the
co-movements among the

economies selected.

Ferreira, P. [24] Portuguese and Brazilian.

Daily data from 1993 to 2016.
The whole sample was divided
into six sub-periods to make a

comparison among the periods.

DFA, DCCA and DMCA.

The integration between the
markets increased; however, the

results showed that the Portuguese
and Brazilian investors could gain

as from the international
portfolio diversification.

Panda, A. K., & Nanda, S. [25] Six Leading
South American countries.

Weekly stock indices from
1995 to 2015

GJR-GARCH and
DCC-GARCH.

Asymmetry in returns and the
increasing integration among the

countries is found.
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3. Data and Methodology

The aim of this study is to investigate the correlation of stock market of Pakistan and its trading
partner countries to access the diversification benefits. Stock return series are time-varying, both
intraday and across days. In light of this fact, application of models assuming time-invariant
conditional variances is inappropriate [44].

3.1. Data

We selected the sample of 6 developed and emerging countries comprising of Pakistan, and its
major trading partners namely China, Indonesia, Malaysia, US, and the UK. We collected the daily
data of MSCI indices for these countries from DataStream database for the period from January 2005 to
October 2018. The stock price indices are expressed in US dollars to avoid exchange rate fluctuations.
We calculated the stock returns of these stock price indices and converted into natural log form for
further analysis. The Logarithmic return series are calculated by using “first difference of the logarithm”
function (dlog) in Eviews 10. The selected indices, symbols used for them, and their MSCI status are
shown in Table 2.

Table 2. Selected countries and their indices.

Stock Market Symbols Benchmark Indices MSCI Status

Pakistan PAK MSCI Pakistan Index Emerging market
China CHIN MSCI China Index Emerging market
Indonesia INDO MSCI Indonesia Index Emerging market
Malaysia MAL MSCI Malaysia Index Emerging market
United States US MSCI USA Index Developed market
United Kingdom UK MSCI UK Index Developed market

3.2. Methodology

The analysis of volatility and correlation of assets have been the central point of discussion in
portfolio management. The literature of stock market correlation shows that the methodologies applied
vary with the available data and objective of the study. Studies on stock market integration used
various Econometric tools like Correlation, VAR, VECM, Gangers causality, Impulse response, and
GARCH model to study the relationship between different markets [43,45]. However, the GARCH
family models have been extensively used by the studies besides the other methods.

The introduction of ARCH model [46] paved the way to the development of Generalized
Autoregressive Conditional Heteroscedasticity (GARCH) model [47]. The univariate GARCH model
assumes volatilities constant over the period among variables. It does not capture correlations among
multiple time series [42,48]. Linear correlation measures such as Pearson correlation gives an overall
correlation and does not consider the dynamic correlation [26]. The constant conditional correlation
(CCC)-GARCH [49] model, however, has removed the shortcomings of univariate GARCH model, yet
it is not a realistic model as it also considers correlation constant which is in fact dynamic. Engle [22]
developed a dynamic model base on the CCC model which considers the conditional correlation as
time-varying. Presently various variants of the GARCH model are being used to study volatilities and
correlation of the stock markets returns. For example, BEKK, and AGDCC models have been used to
compare with other GARCH models [50].

Besides the traditional time series models the multiscale correlation techniques of continuous
wavelet transformation (CWT), Discrete wavelet transformation (DWT), and Maximum Overlap
Discrete Wavelet Transform (MODWT) models have been used by recent studies. The Wavelet models
have the ability to study the relationship between stock markets not only at different time horizons
but also at frequency bands [51,52]. Recently Sakti, et al. [53] used wavelet coherence along with
DCC-GARCH model to study time-varying correlation. Jaffar, et al. [54] used DCC-GARCH, Markov
switching, and MODWT to study the portfolio diversification benefits.
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3.3. Dynamic Conditional Correlation (DCC) GARCH Model

We selected the DCC-GARCH model developed by Engle [22] to addresses the time-varying
volatilities and correlational among the assets. This model is based on Gaussian distribution which
might be inefficient for heavy-tailed distribution. Pesaran and Pesaran [55] used the DCC-GARCH
model assuming multivariate t-distribution which is suitable for heavy-tailed data. We used the
DCC-GARCH model with both the distributions following prior studies conducted by Najeeb, Bacha
and Masih [42], Jaffar, Dewandaru and Masih [54], and Buriev, et al. [56] to answer the research
questions of our study. The general equation of the DCC-GARCH model is given below:

Ht = DtRtDt (1)

where Ht is conditional variance matrix, Dt is a k x k diagonal matrix having conditional variance
√

hit,
on its diagonals, and Rt is time-varying correlation matrix (off-diagonal elements). The conditional
variance (hit) for assets are estimated using univariate GARCH (X, Y) model as shown in Equation (2).

hit = ωi +
Xi

∑
x=1

αixr2
it−x +

Yi

∑
y=1

βiyhit−y, f or i = 1, 2, . . . . . . , k (2)

where, ωi, αix, and βiy are non-negative and ∑Xi
x=1 αix + ∑Yi

y=1 βiy < 1; αix is the short-run persistence
of the shocks to returns Y to long-run persistence (the GARCH effects), and the number of assets is
denoted by k.

Furthermore, the residuals (εt) and the conditional standard deviations (
√

hit) are obtained. The
conditional standard deviation is expressed by diagonal matrix Dt, which consists (

√
hit) elements on

its diagonals as shown in Equation (3).

Dt =


√

h11,t0 0 · · · 0
0

√
h22,t · · · 0

...
...

... 0
0 0 · · ·

√
h33,t

 (3)

The standardized residuals (σit =
εit√
hit

) are further used for estimating time-varying (dynamic)
correlation matrix Rt [57].

Rt = Q∗−1
t QtQ∗−1

t (4)

Q∗t =


√

q110 0 · · · 0
0

√
q22 · · · 0

...
...

... 0
0 0 · · · √qkk

 (5)

where Q∗t is the diagonal matrix of its diagonal elements as given in Equation (5). Qt is a symmetric
positive definitive conditional covariance matrix, Qt =

(
qij,t
)
, and Q is unconditional covariance of

the standardized residual of univariate GARCH model.

Qt = (1− a− b)Q + aεt−1 − 1ε′t−1 + bQt−1 (6)

The conditional correlation ρij,t =
qi,j,t√qi,j,t qi,j,t

can be expressed in typical correlation form by putting

Qt =
(
qij,t
)

as follows:

ρij,t =
(1− a− b)Q + aεt−1 − 1ε′t−1 + bQt−1√

(1− a− b)Q + aεt−1 − 1ε′t−1 + bQt−1

√
(1− a− b)Q + aεt−1 − 1ε′t−1 + bQt−1

(7)
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Alternatively, the t-DCC-GARCH model of Pesaran and Pesaran [55] uses the devolatized returns
ri,t−1 = rit

σrealized
i,t−1

and estimates the correlation model simultaneously against the DCC-GARCH model

which used standardized returns rit−1 = rit
σi,t−1

and estimates model in two steps. We can estimate

conditional correlation parameters using GARCH (1,1) model for conditional volatility σ2
i,t−1 is given

in Equation (8) which can be used in the correlation matrix to determine the conditional correlation.

V(rit|Ωt−1 ) = σ2
i,t−1 = σ2

i (1− λ1i − λ2i) + λ1iσ
2
i,t−2 + λ2ir2

i,t−1 (8)

where σ2
t represents the unconditional variance of the asset returns. λ1i, and λ2i are volatility

parameters specific for an asset. (1 − λ1i − λ2i) shows the restriction to test if the volatility is mean
reverting. If the term (1 − λ1i − λ2i) is equal to zero in this case the model shows integrated GARCH
(IGARCH) process.

4. Empirical Results

4.1. Descriptive Statistics

To obtain summarized information about the logarithmic returns of the MSCI indices of the
selected countries, the summary statistics are presented in Table 3. It is noted that the selected series
have diversity in returns and volatility. The average return of the Indonesian stock market (0.0422) is
the highest among the selected countries. The average return of the UK stock market is 0.097 which
is the lowest return as compared to other countries. The standard deviation represents the risk or
volatility of the returns in the stock markets. The standard deviation of the Chinese stock market
returns is 1.6890, which is the highest; meanwhile the standard deviation of the Malaysian stock market
returns (0.7494) is the lowest among the selected countries. As skewness of all the return series is
negative, which is evidence for overall negative performance, and asymmetry in given return series, it
relates with the findings of the study conducted by Arouri, et al. [58]. The kurtosis values represent
the fatness of the tails of the distribution and distribution of data around the mean. All the kurtosis
values are greater than 3 which show that data are not normally distributed [59,60]. The Jarque–Bera
test of normality rejects the null hypothesis of normality at 1% significance level.

Table 3. Descriptive statistics of MSCI indices returns.

Pakistan China Indonesia Malaysia US UK

Mean 0.0126 0.0319 0.0422 0.0192 0.0255 0.0097
Median 0.0000 0.0000 0.0121 0.0034 0.0410 0.0107

Maximum 9.3312 14.0593 10.1349 4.7111 11.0419 9.2652
Minimum −12.8845 −12.8377 −11.4490 −10.2415 −9.5141 −9.1580
Std. Dev. 1.4120 1.6890 1.5556 0.7494 1.1650 1.1294
Skewness −0.5061 −0.0417 −0.3282 −0.9687 −0.4014 −0.1513
Kurtosis 8.1403 10.8332 9.0177 17.6557 15.5153 11.5428

Jarque–Bera 3982.08 8903.23 5316.33 31707.11 22818.17 10601.26
Probability 0.000 0.000 0.000 0.000 0.000 0.000

Sum 44.007 111.179 146.765 66.865 88.662 33.939
Sum Sq. Dev. 6940.66 9930.06 8424.09 1955.17 4724.24 4440.29
Observations 3482 3482 3482 3482 3482 3482

4.2. Dynamics of Daily Stock Prices and Returns

The time series graphs of the stock prices data show the changing mean and variance throughout
the sample period of 2005–2018. All the indices showed a simultaneous decline around the year 2008
in response to the GFC. In the case of Pakistan, the graph shows stagnant period around the year 2008
which is due to the management’s decision of temporarily fixing the floor of KSE for 110 days. After
lifting the floor, the index dropped to the level of 4782 points. US and Indonesia trend observably higher
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than the other markets, which shows that markets do not follow the same trend. The dissimilarity in
the trend shows a low level of correlation among the markets. The time series graphs are shown in
Figure 1. The graph of the return series is mean reverting with volatility clustering. The volatility is
high around the year 2008, which was caused by the turbulent period of the financial crisis. The return
volatility of Malaysia during the GFC is relatively low. Thus, results of preliminary tests make the
DCC-GARCH model suitable for the study. The graphs of the return series are shown in Figure 2.
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4.3. Stationarity and Residual Diagnostic Tests

We performed different preliminary tests to justify the usage of GARCH family models which
include Augmented Dickey–Fuller (ADF) test, Ljung–Box Q-statistics, Lagrange multiplier (LM) test,
and ARCH effect, results are shown in Table 4. The results of the ADF tests of all the return series show
the presence of unit root, which confirms that all the return series are stationary at level as well as at
first difference. The normality graph shows that all the return series are not normally distributed. The
residual diagnostic and the normality graphs for each series are given in Appendix A.

The Ljung–Box Q-statistics show that there is autocorrelation/serial correlation is present in all
the series. The null hypothesis of no autocorrelation is rejected at 1% significance level for all the series
except for China and UK. For China and UK, the null hypothesizes of no autocorrelation are rejected
at the 10 percent significance level. The results of the LM test also support the results of Q-statistics
test. The ARCH test highlights that heteroscedasticity or ARCH effect is present in all the series.
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Table 4. ADF, Ljung–Box Q-statistics, LM, and ARCH effect tests.

Pakistan China Indonesia Malaysia US UK

ADF(Level) −36.2750 −57.2736 −54.2688 −53.1820 −46.2989 −28.2440
Probability 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000

ADF (1st difference) −24.3141 −20.7381 −20.8440 −23.2532 −22.9411 −21.8649
Probability 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000
Q-Statistics 81.5660 3.0101 24.0910 36.9440 32.1610 3.4023
Probability 0.0000 0.0830 0.0000 0.0000 0.0000 0.0650

LM test 91.7990 3.0249 24.1519 37.0981 44.2551 13.0839
Probability 0.0000 0.2204 0.0000 0.0000 0.0000 0.0014

ARCH effect 441.1908 238.1075 140.3748 48.9674 169.3661 207.7931
Probability 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

4.4. Correlation Matrix

Table 5 presents the results of the correlation matrix of stock returns for selected countries. All
the values are positive which shows that stock markets move in the same direction. However, the
correlation among the stock returns is in the range from 0.022 to 0.577 which is below 0.80 showing
low co-movements and absence of multicollinearity [15]. The correlation between Pakistan and US
stock returns is the lowest, while the correlation between UK and US is the highest. It indicates
that the correlation between developed countries is higher, while the correlation between emerging
and developed countries is lower. Pearson correlation is an average correlation which does not
show the variations in the correction over the period. We performed more detailed correlation with
DCC-GARCH model.

Table 5. Correlation Matrix.

Countries Pakistan China Indonesia Malaysia US UK

Pakistan 1 0.089 0.111 0.145 0.022 0.052
China 1 0.542 0.502 0.233 0.408

Indonesia 1 0.488 0.135 0.304
Malaysia 1 0.111 0.305

US 1 0.577
UK 1

4.5. DCC-GARCH Model

The time-varying volatilities and correlations are important to determine the portfolio
diversification benefits among the markets [60]. We used two DCC-GARCH models with Gaussian
and t-distribution to make a comparison based on the maximum likelihood values.

Tables 6 and 7 show the maximum likelihood estimates of volatility decay parameters (λ1 and λ2)
and as well as the correlation decay parameters (δ1 and δ2) of the t-DCC and Gaussian DCC models
for MSCI indices return series. In both the models, the decay parameters are highly significant. The
sum of the volatility decay parameters (λ1 and λ2) for each the series is less than 1 which shows
that conditional volatilities are mean reverting with gradual decay of volatility. Thus, no evidence of
Integrated GARCH (IGARCH) process is found. Similarly, the sum of correlation decay parameters (δ1

and δ2) is also slightly less than 1 for all the returns which shows that conditional correlations are also
mean reverting and the system will slowly return to the normality [54]. The RiskMetrics recommends
a standard range of 0.95 to 0.97 for decay parameters [61]. This situation is favorable for investors to
invest in a portfolio comprising of Pakistan and its trading partners, as shocks will be decayed slowly.
Therefore, there are fewer chances for loss of investors abruptly.

The comparison of both models shows that the maximized log-likelihood value of the t-DCC
model is higher than Gaussian DCC model. Further degrees of freedom for the t-DCC model are
below 30 which show that t-DCC model is superior to the Gaussian model. Therefore t-DCC model is
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considered a suitable model for a distribution having high kurtosis (heavy-tailed) values [42,53,56,60].
Henceforth, we follow the results of the t-DCC model.

Table 6. Maximum Likelihood estimates of the t-DCC model on stock indices daily returns.

Parameter λ1 λ2 Probability 1−(λ1+λ2)

Pakistan 0.77099 0.19485 0.000 0.03416
China 0.91925 0.07022 0.000 0.01052

Indonesia 0.86909 0.11007 0.000 0.02084
Malaysia 0.87530 0.10905 0.000 0.01565

US 0.87884 0.11006 0.000 0.01110
UK 0.89884 0.08730 0.000 0.01385

The decay factors 1− (δ1 + δ2) = 0.00509 where δ1 = 0.9892, and δ2 = 0.0056; Maximized Log-Likelihood = −26,121.4,
df = 9.1781.

Table 7. Maximum Likelihood estimates of the Gaussian DCC model on stock indices daily returns.

Parameter λ1 λ2 Probability 1−(λ1+λ2)

Pakistan 0.78330 0.18530 0.000 0.03140
China 0.91792 0.07341 0.000 0.00866

Indonesia 0.87606 0.10457 0.000 0.01937
Malaysia 0.86978 0.11500 0.000 0.01522

US 0.87443 0.11311 0.000 0.01246
UK 0.87970 0.10420 0.000 0.01610

The decay factors 1− (δ1 + δ2) = 0.00568 where δ1 = 0.9884, and δ2 = 0.0058; Maximized Log-Likelihood =−26,554.0.

4.6. The Unconditional Volatility and Correlations

The unconditional volatilities and correlations estimated using t-DCC model describe the possible
portfolio diversification benefits among the stock markets of Pakistan, China, Indonesia, Malaysia, US,
and the UK. The diagonal elements of the covariance matrix represent the unconditional volatilities.
We found that value of unconditional volatility in all the markets is near to 1 which is considered
to be the high volatility in returns [56,60]. Table 8 reports the values for unconditional volatility
ranking in which China shows the highest unconditional volatility, while Malaysia shows the lowest
unconditional volatility, which indicates the stability in the Malaysian stock market. Pakistan and UK
stock markets show moderate volatility as compared to other countries. Other than the results of these
countries, the results do not show any remarkable difference of volatilities between developed and
emerging markets.

Table 8. Rank of unconditional volatilities.

Rank Countries Benchmark Indices Unconditional Volatility

1 China MSCI China Index 1.6871
2 Indonesia MSCI Indonesia Index 1.6005
3 Pakistan MSCI Pakistan Index 1.3600
4 US MSCI USA Index 1.1215
5 UK MSCI UK Index 1.1065
6 Malaysia MSCI Malaysia Index 0.7606

Table 9 shows the unconditional correlation of the market pairs which describe the co-movements
between the markets. We focused only on the correlation of Pakistani stock market with stock markets
of its trading partners. The conditional correlation of the pairs MSCI index returns of Pakistan with all
the markets is very low. The results highlight that Pakistan has the highest correlation with Malaysia
(0.146) and has the lowest conditional correlation with the US (0.020). It can be inferred that the
changes in emerging markets such as Malaysia will affect more to the Pakistani stock market than
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changes in any developed market such as the US. The low level of correlation is considered to be good
for portfolio diversification. Thus, for investors, it is a feasible set of markets for portfolio investment.

Table 9. t-DCC Estimated Unconditional Correlation and volatilities.

Pakistan China Indonesia Malaysia US UK

Pakistan 1.36000
China 0.08813 1.68710

Indonesia 0.11257 0.52269 1.60050
Malaysia 0.14648 0.47821 0.47924 0.76065

US 0.020233 0.23549 0.14842 0.09691 1.12150
UK 0.053134 0.40849 0.31304 0.29587 0.56293 1.10650

4.7. The Plots of Conditional Correlation and Conditional Volatility

Figure 3 shows the values of conditional volatilities of stock markets of Pakistan and its trading
partners. The values plotted on the graph show the time-varying nature of volatilities. The volatility
shows an upward trend in the beginning and reaches the highest point during the financial crisis (2008).
After the crisis period, all markets show close movements of volatilities except Pakistan which shows
separate behavior from other markets, especially in the ending period. The reason for the temporary
rise in the returns of the stock markets returns was due to the inclusion of Pakistan in the emerging
markets by MSCI in the year 2017 [17]. Thus, Pakistan does not seem to be integrated with the other
market which is a positive sign for the investors.
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Figure 4 depicts the conditional correlation between the stock markets of Pakistan and its trading
partners. The figure shows the similarity in the results of conditional and unconditional correlation
of Pakistan with its trading partners. The lines representing the correlation of pairs Pakistani stock
markets with its trading partners are mostly in the bottom touching with some lines crossing the zero
showing less correlation. Stock market returns of Pakistan shows less correlation with developed
markets which are the UK and the US. The emerging economies of China, Malaysia, and Indonesia
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have a higher correlation among them than the developed markets. The close movements of the
correlation lines such as during the year 2008 can be attributed to the global financial crisis. During
such periods, markets become more integrated and the diversification benefits are reduced. It is riskier
for the investors to invest during periods of high integration between stock markets. This research has
results consistent with the results with earlier studies in Asian countries [5,62].
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5. Conclusions

After the global financial crisis of 2008–2009, the scenario of global markets has changed
enormously. Due to the integration of global markets, the diversification benefits have become
less. It is noted that financial shocks arising in one of the developed countries spread more quickly
to other developed markets due to the integration among the developed markets. Diversifying the
investments only among the developed countries is considered risky. However, due to the increasing
integration among developed countries, investors are keen to invest in the emerging markets. Therefore,
diversifying the investments in the combination of developed and emerging markets is desirable.

This study finds a useful combination of emerging and developed stock markets for formation of
a portfolio. We applied the DCC-GARCH model on the MSCI indices of Pakistan and its top trading
partners, namely China, Indonesia, Malaysia, US, and the UK. The selected model is suitable to study
time-varying relationships between stock markets form small to a large number of parameters. This
model captures the volatility and correlation at every period of the time, which helps to find out the
news behind the shock. The descriptive statistics show that average volatility (risk) is low in all the
selected indices. All the series show non-normal distributions having fat tails.

We compared results by employing Gaussian and t-distribution models following studies which
adopted a modified DCC-GARCH model [55]. The results showed that the t-distribution is better fitted
for the high kurtosis data. The model reported conditional as well as unconditional volatilities and
correlation for the selected sample. The results of conditional volatilities and correlations confirmed
the results of unconditional volatilities and correlations. We found higher fluctuations during the
GFC. After the GFC, the fluctuations were small, which indicates the stability throughout the rest of
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the period. The decay factors of volatility and correlation show mean reverting slow decay process
as the sum of volatility and correlation decay parameters is near to unity. The graph of the values
of conditional correlation shows less correlation between the market pairs. We found low values of
volatility and correlations for Pakistan and its trading partners.

There seems to be a good opportunity for investors and portfolio managers to invest in the given
set of markets with low correlation among them. The conditional correction of Pakistan with its large
trading partners seems low, while it is higher with small trading partners, where further studies to
determine the relationship of bilateral trade to stock market co-movements is required. The findings of
this study also have insight for policymakers regarding the flow of investment in these countries and
integration with these countries.

Author Contributions: Conceptualized, drafted methodology, data collected & analyzed, and wrote-original
manuscript, A.S.J.; reviewed and supervised this study, L.L.

Funding: This research received no external funding.

Acknowledgments: The authors would like to acknowledge the comments and suggestions given by anonymous
reviewers which significantly improved the quality of our work. We recognize the overall support and guidance
by Rashid Latief, Ph.D. Candidate, from College of Finance, Nanjing Agricultural University, China. Furthermore,
we are thankful to Muhammad Arif from School of Business Administration, Shaheed Benazir Bhutto University,
Shaheed Benazirabad, Pakistan for providing help in data collection for this research.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

Appendix A

Sustainability 2018, 10, x FOR PEER REVIEW  16 of 24 

process as the sum of volatility and correlation decay parameters is near to unity. The graph of the 
values of conditional correlation shows less correlation between the market pairs. We found low 
values of volatility and correlations for Pakistan and its trading partners. 

There seems to be a good opportunity for investors and portfolio managers to invest in the given 
set of markets with low correlation among them. The conditional correction of Pakistan with its large 
trading partners seems low, while it is higher with small trading partners, where further studies to 
determine the relationship of bilateral trade to stock market co-movements is required. The findings 
of this study also have insight for policymakers regarding the flow of investment in these countries 
and integration with these countries. 

Author Contributions: Conceptualized, drafted methodology, data collected & analyzed, and wrote-original 
manuscript, A.S.J.; reviewed and supervised this study, L.L. 

Funding: This research received no external funding. 

Acknowledgments: The authors would like to acknowledge the comments and suggestions given by 
anonymous reviewers which significantly improved the quality of our work. We recognize the overall support 
and guidance by Rashid Latief, Ph.D. Candidate, from College of Finance, Nanjing Agricultural University, 
China. Furthermore, we are thankful to Muhammad Arif from School of Business Administration, Shaheed 
Benazir Bhutto University, Shaheed Benazirabad, Pakistan for providing help in data collection for this research. 

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential conflict of interest. 

Appendix A 

Figure A1. Pakistani Series Normality Test. 

0

200

400

600

800

1000

1200

1400

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10

Series: Residuals
Sample 6/02/2005 10/05/2018
     IF RESID<>NA
Observations 3477

Mean       1.76e-16
Median  -0.011810
Maximum  9.319366
Minimum -12.89634
Std. Dev.   1.407428
Skewness  -0.526732
Kurtosis   8.188766

Jarque-Bera  4061.292
Probability  0.000000

Figure A1. Pakistani Series Normality Test.
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