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Abstract: This study examines the sustainability of financial integration between China (represented
by Shenzhen and Shanghai) stock markets and Hong Kong stock market over the period of pre and
post launch of the Stock Connect Scheme. This paper aims to fill the gap in the financial literature by
providing empirical research on the dynamics of the financial integration process, and examining the
sustainability of financial integration among the three Chinese stock markets. We apply cointegration
and both linear and nonlinear causalities to investigate whether the Shanghai–Hong Kong Stock
Connect has any impact on both market capitalizations and market indices of Hong Kong, Shanghai,
and Shenzhen markets. Through cointegration tests and linear Granger causality techniques, it was
found that the stock markets from mainland China are increasingly influencing the Hong Kong stock
market after the introduction of the Stock Connect Scheme; however, when using nonlinear Granger
causality analysis for confirming China market dominance, the result shows an reverse relationship
whereby the Hong Kong stock market is still relevant to understand and predict China stock market
after the introduction of the Stock Connect Scheme. Overall, our findings support the view that the
Shanghai–Hong Kong Stock Connect has a significant impact on both market capitalizations and
market indices of the Hong Kong, Shanghai, and Shenzhen markets, but Hong Kong stock market
is still relevant to understand and predict China stock market after the introduction of the Stock
Connect Scheme. The change in share premium difference between mainland China’s domestic
A-share markets and Hong Kong’s H-share market could change investors’ appetites or sentiments.
Further research includes examining whether there is any functional relationship including nonlinear
relationship and studying the dynamic drivers of the relationships.
Keywords: financial integration; cointegration; error correction; linear and nonlinear causality

1. Introduction
Stock market integration is an area of considerable interest and debate among academics and
market practitioners. With regard to mainland China, where there has been continuous financial reform
in terms of market deregulation and an aggressive pro-growth strategy, integration with neighboring
markets has intensified, and whether integration can sustain better, in particular with Hong Kong.
Given their economic similarities, the financial integration of mainland China’s stock markets, Shanghai
and Shenzhen, and that of Hong Kong has made remarkable progress over the past 10 years. In 2002 and
2006, the China Securities Regulatory Commission (CSRC) took to the airwaves, preempting the global
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financial media, to announce the Qualified Foreign Institutional Investor (QFII) and Qualified Domestic
Institutional Investor (QDII) schemes respectively. The QFII scheme, under the existing restricted flow
of capital accounts in China, allows qualified investors to invest in certain security products in China.
In May 2007, the QDII scheme, which initially permitted Chinese institutions and residents to invest
in fixed-income and money-market products overseas, was widened to include equity products in
designated stock markets. These two arrangements have further increased the integration of mainland
China and Hong Kong. The latter, the stock market of which is ranked as the seventh largest in the
world and the third largest in Asia in terms of market capitalization (The World Federation of Exchanges
and Bloomberg, June 2017), is a Special Administrative Region of China and a major financial center.
Moreover, Hong Kong is committed to strengthening financial integration among the stock markets in
China and make the integration sustains better. Financial theory suggests that an integrated regional
market performs more efficiently than segmented individual market. Member markets can enhance
the efficient allocation of capital in regions where the funding requirement is greatest. The attraction of
cross-border fund flows is that they can improve the markets’ liquidity and lower the cost of capital for
firms [1]. The study on presence of herd formation in Chinese markets supports rational asset pricing
models and market efficiency [2]. The general cointegration relationship between the prices of H-shares
and A-shares, which are cross-listed Chinese stocks in both markets, across January 1999 to March 2009.
It is found that significant improvements in the long-run expectation of H-share discounts compared
with A-shares, the level of short-run co-movements in prices, and the magnitude of error corrections [3].
By applying stock market capitalization as a measure to identify countries that are taking the lead in
establishing an integrated stock market in the Asia–Pacific region, the authors conclude that China and
Hong Kong are the potential market leaders among other advanced equity markets (Japan, Australia,
Singapore, and New Zealand). The reason is that China and Hong Kong exhibit unidirectional causality
toward the other markets [4]. There is an increase in market integration among the different stock
markets in the Greater China region, (China, Hong Kong, and Taiwan) from July 1993 to June 2013.
Further, less volatile and sensitive responsiveness indicate improved stock market efficiency among
the markets due to improved regulatory frameworks and better macroprudential policies, thereby
enabling the more efficient absorption of market information [5].
The economies of Shanghai, Shenzhen, and Hong Kong constitute one of the most dynamic
economic zones in the region. With closer trade and financial interaction, such as the QFII, QDII, RQFII,
and RQDII (the Renminbi QFII and the Renminbi QDII respectively), the Shanghai–Hong Kong Stock
Connect in 2014, and the Shenzhen–Hong Kong Stock Connect arrangement in 2016, the interaction
of the Chinese stock markets has become a topic of global interest. However, there is a need for
additional analysis regarding the nature and strength of these financial linkages. Although considerable
researches have been conducted to investigate financial integration among East Asian countries and
the effects on other world markets, little work has been conducted on the important aspect of financial
linkages within China and the sustainability of financial integration within China. Further, given the
geographic and economic closeness between the two regions of mainland China and Hong Kong, each
of which could have significant influence over the other through increasing interaction [6,7], the current
study fills the gap in the financial literature by providing empirical research on the dynamics of the
financial integration process and examine the sustainability of financial integration among the three
Chinese stock markets. In addition, this study enables us to discover the market leader within the
country. The identification of the potential market leader can help policymakers to ensure policy
coordination, enhance market development, and maintain market stability in the event of financial
turmoil among the three stock markets. Given the decreasing benefit of diversification among these
markets, this study is also of interest to investment practitioners when they allocate assets. The ‘Stock
Connect’ Scheme appeared to provide a turning point in China’s financial market development.
It represents a remarkable move to the quality and sustainability of the growth for China’s stock
markets. The long-term objective of the scheme is to reorient growth to make it more balanced and
more sustainable from different perspectives, such as market structure, connections with international
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practices and investors. It is a promising sign of push for reform to increase foreign investors’ access
to China’s capital markets. Each of these moves had broader significance for ensuring a continue
development and sustainable growth through policy reforms.
In this study, we use cointegration, linear and nonlinear causalities to investigate whether the
Shanghai–Hong Kong Stock Connect has any impact on the market capitalizations and market indices
of the Hong Kong, Shanghai, and Shenzhen markets. Our study deviates from the time series of the
literature, which primarily examine nonlinear causal relationships using nonlinear causality tests.
The nonlinear causality test can detect a nonlinear deterministic process that originally “looks” random.
The nonlinear causality test used in the current study could be considered a complementary test
for the linear causality test because the latter cannot detect a nonlinear type of causal relationship.
The nonparametric approach adopted in this study can capture the nonlinear nature of the relationship
between stock markets. The approach would not be mis-specified if the two variables, market
capitalization and market index, are related nonlinearly or if regime changes (structural breaks) occur
due to a crisis. We will discuss this issue further in the methodology section.
The remaining of the paper is structured as follows. Section 2 provides background information
on the Shanghai–Hong Kong Stock Connect scheme. In Section 3, we present a review of the relevant
literature regarding financial integration. The limitations of these studies are also noted. Section 4
describes the data and the methodology. The empirical results regarding both linear and nonlinear
causality among various stock markets are discussed in Section 5. Section 6 concludes the paper.
2. Characteristics of the Shanghai–Hong Kong Stock Connect
The year 2015 marked a breakthrough in the Chinese and Hong Kong stock markets.
The implementation of the Shanghai–Hong Kong Stock Connect allowed international investors
direct access to the Shanghai stock market through the Hong Kong Stock Exchange. This initiative
enables northbound and southbound trading within aggregate quotas of RMB300 billion and RMB250
billion, respectively. The quotas are calculated on a netting basis at the end of each trading day.
Under the scheme, the daily quotas set a limit for daily net buy value of cross-boundary trades.
The northbound daily quota is around RMB13 billion, while the southbound daily quota is around
RMB10.5 billion. Under the scheme, except B-shares and shares included on the Risk Alert Board,
investors can trade certain stocks listed on the Shanghai Stock Exchange that are not included as
constituent stocks of the relevant indices but have corresponding H-shares listed in Hong Kong.
The scheme also indicates that only mainland institutional investors and individual investors who
have RMB500,000 in their accounts are allowed to trade stocks of the Hang Seng Composite Large
Cap Index and Hang Seng Composite MidCap Index together with all H-shares that are not stocks of
the relevant indices but have corresponding A-shares listed in Shanghai, except for those not traded
in Hong Kong dollars and H-shares that are not listed in Shanghai. The Shanghai–Hong Kong Stock
Connect helps to create a “single” stock market that ranks as the second and third largest worldwide
in terms of market capitalization and turnover value respectively.
3. Literature Review
The first study in this area date back to the late 1980s and early 1990s, which apply the
cointegration model to study the relationship between two stock markets [4,8–10]. Following this
research, a substantial number of studies have focused on the degree of integration among different
markets within geographic regions and the connections between international markets. The study
on international stock-price linkages and co-movements of fundamentals within a multivariate
cointegration framework finds that a common stochastic trend in the US, Canada, Germany, Japan,
and the UK [11]. While studying the stock market linkages of a group of Pacific-Basin countries with
US and Japan by estimating the multivariate cointegration model, it is suggested that the relaxation
of the restrictions might have strengthened international market interrelations [12]. Furthermore,
the four markets in Latin America (Argentina, Brazil, Chile, and Mexico), together with the US stock

Sustainability 2019, 11, 3845

4 of 20

market, have significant permanent components that cause cointegration in the long run [13]. In other
direction, the transmission of shocks between the U.S. and foreign markets to delineate interdependence
from contagion of the US financial crisis by constructing shock models for partially overlapping and
non-overlapping markets is examined [14]. The center of gravity within stock market integration
studies has also moved from the markets in the Western hemisphere to the market linkages in Asian
emerging markets, particularly for the periods before and after the 1997–98 Asian financial crisis.
For example, the dynamic linkages of Asian stock markets before and after the crisis are examined.
It is revealed that the relationships among East Asian stock markets are time-varying; for instance,
Hong Kong and Singapore responded significantly sooner to the financial turmoil that was occurring
in most Asian markets. More importantly, the empirical findings about the degree of stock market
integration vary [15–18]. The linkages among the Southeast Asian stock markets are examined too
and it is found that no evidence of a long-term relationship among the stock markets from 1988 to
1997; however, the degree of integration increases when the author conducts a correlation analysis.
The results show that the returns of Indonesia, the Philippines, and Thailand were closely affected
by the Singaporean market [19]. The long-term equilibrium relationships and short-term causality
effects among stock markets in the US, Japan are investigated, and 10 other Asian economies, including
Hong Kong, from January 1995 to May 2001. It is found that cointegration relationships both before
and after the Asian financial crisis. Further, it is concluded that the degree of integration within
the region increased after the crisis [20]. The degree of financial integration among selected East
Asian countries from 1988 to 2006 by applying the panel unit root and cointegration approach is
investigated too. The results show that high-income countries have better financial integration than
middle-income countries and the sustainability of financial integration is better for high-income
countries than middle-income countries [21]. The stock market integration in Asia is examined and
it is found that the degrees of integration between mature and emerging equity markets differ. It is
also shown that individual stock markets in Asia are more sensitive to regional events compared
with global events. The difference in mature and emerging equity markets is mainly due to political,
economic, and institutional issues [22]. As we can see, the above studies have a common characteristic:
the comparisons are focused on different nations from a cross-country border perspective. Moreover,
few studies have investigated different economies within China. The current study focuses on this
less-visited field and fills the gap in the literature.
Nevertheless, there are a few related studies. The causal linkages among the Shanghai, Shenzhen,
and Hong Kong stock markets are examined and it is found that the stock index series is non-stationary
and that cointegrating vectors and error correction models do not exist for the index series. It is
concluded that Granger causality shows a positive feedback mechanism from Shenzhen to Shanghai,
while Hong Kong causes volatility in Shanghai but not vice versa [23]. By employing the daily values
of the stock-price indices for the Shanghai, Shenzhen, and Hong Kong markets from 1992 to 2002,
potential gains of intermarket timing for Hong Kong investors are found [24]. The financial integration
in the Greater China region (China, Taiwan, and Hong Kong) is examined, it is indicated that a trend of
increasing financial interaction in the region [25]. The China’s A-share market and Hong Kong’s stock
market are closely integrated; however, there is little evidence to link them to the world market [26–28].
A similar study shows that at the time of their research, there was a spillover effect between the markets
in the region and that the Chinese market was affected by its neighbors [7].
The impact of the Shanghai–Hong Kong Stock Connect is examined by using a pairwise linear
causality test to check linear causal relationships between the closing prices of the SSE Composite Index
and the Hong Kong Hang Seng Index (HSI). The authors find that the SSE takes a leading role after the
implementation of Stock Connect Scheme [29]. The A- and H-share premium puzzle is investigated
from the perspective of the effect of the Shanghai–Hong Kong Stock Connect policy. It is shown that the
Shanghai–Hong Kong Stock Connect policy is effective at reducing the A- and H-share price gap [30].
A model of trading costs to consider the effect of the introduction of the Shanghai–Hong Kong Stock
Connect is applied. It is found that the SSE, which may have had lower trading costs than those of the
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Hong Kong Stock Exchange, seems to have developed higher trading costs in the period leading to the
Stock Connect’s introduction [31]. The variations in dependence and risk spillover between Chinese
and London stock markets before and after Shanghai–Hong Kong Stock Connect and Shenzhen–Hong
Kong Stock Connect are investigated, it is found that Shanghai–Hong Kong Stock Connect program
enhances the dependence between Chinese and London stock markets, while the overall dependence
decreases slightly after the Shenzhen–Hong Kong Stock Connect program [32].
4. Data and Methodology
4.1. Data Description
We use the daily stock market capitalizations and market indices of Hong Kong, Shanghai, and
Shenzhen from January 2005 to December 2016, a total of 2817 observations. The data employed in the
analysis is obtained from Bloomberg Financial Services. The data is divided into the following two
data sets: 1) the “before” period from January 2005 to November 2014, which is the period before the
Shanghai–Hong Kong Stock Connect, and 2) the “after” period from November 2014 to December
2016, which is the period after the Shanghai–Hong Kong Stock Connect. The starting point in 2005
marked an important milestone for Chinese stock market reform because it was then that China started
changing its state-owned securities into tradable shares.
Table 1 shows the descriptive statistics for the three markets before and after the introduction
of the Shanghai–Hong Kong Stock Connect. Hong Kong has the largest market capitalization and
market index in both periods. The Shanghai stock market has the largest standard deviation for market
capitalization and Hong Kong has the largest standard deviation for market index. In addition, market
capitalization and market index are skewed in both periods. Excess kurtosis is deemed to be kurtosis
greater than 3 for both of the variables and all markets, except for the variables of Hong Kong and
Shenzhen in the “before” period and Hong Kong’s market index in the “after period.” We use the
Jarque–Bera (JB) test to examine whether the data are normally distributed. Both market capitalization
and market index are rejected to be normally distributed in both of the periods and all markets.
Table 1. Descriptive Statistics for Stock Market Capitalizations and Market Indices.
Market Capitalization

Market Index

Hong Kong

Shanghai

Shenzhen

Hong Kong

Shanghai

Shenzhen

2149.56
3424.25
818.13
694.35
−0.40 ***
2.03 ***
153.81 ***

1999.64
3891.59
254.36
915.89
−0.85 ***
−7.06 ***
306.93 ***

485.12
864.10
99.97
196.73
−0.82 ***
2.41 ***
292.79 ***

2603.88
4082.25
1420.72
464.31
−0.30 ***
2.69 ***
43.184 ***

364.12
810.67
122.21
131.82
0.44 ***
3.93 ***
156.95 ***

133.30
223.21
28.66
53.71
−0.70 ***
2.21 ***
247.58 ***

3249.04
4069.50
2665.16
300.25
0.91 ***
3.70 ***
80.22 ***

4274.35
6623.38
3002.20
679.62
1.32 ***
4.58 ***
197.98 ***

1065.69
1684.08
752.91
163.69
1.46 ***
5.79 ***
341.85 ***

2954.59
3669.84
2373.58
292.65
0.49 ***
2.81
21.04 ***

518.35
832.07
400.53
94.27
1.40 ***
4.37 ***
204.03 ***

306.35
505.82
215.68
53.67
1.33 ***
5.53 ***
282.46 ***

Before
Mean
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque–Bera
After
Mean
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque–Bera

Notes: The figures for market capitalizations and market indices are in US billion dollars. *, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.
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The normalized time series for market capitalizations and market indices in the three markets for
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both periods are plotted in Figure 1. The figure shows that the variables are moving closer after the
introduction of the Shanghai–Hong Kong Stock Connect in November 2014.
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Figure 1. Shanghai, Shenzhen, and Hong Kong Stock Market Capitalizations and Market Indices.

4.2.
Methodology
4.2. Methodology
4.2.1. Cointegration
4.2.1. Cointegration
We conduct bivariate and multivariate cointegration for our variables. In order to estimate the
We conduct bivariate and multivariate cointegration for our variables. In order to estimate the
long-run relationship between xt and yt , we first employ the following simple cointegration:
long-run relationship between 𝑥𝑡 and 𝑦𝑡 , we first employ the following simple cointegration:

𝑦𝑡yt==𝛽β00 + β𝛽11x𝑥t 𝑡++et ,𝑒𝑡 ,

(1)
(1)

where y𝑦𝑡 represents
representseither
eitherthe
the
Hong
Kong
stock
index
its market
capitalization,
𝑥𝑡 represents
where
Hong
Kong
stock
index
or itsormarket
capitalization,
xt represents
either
t
either
the
stock
index
or
its
market
capitalization
in
Shanghai
or
the
Shenzhen
stock
markets,
and
𝑒𝑡
the stock index or its market capitalization in Shanghai or the Shenzhen stock markets, and et is the
is the residual
, 𝑇. test
Theexamines
test examines
the residuals
in regression
I (1) variables.
If 𝑥y𝑡
residual
for t =for
1, 𝑡. .=
. , 1,
T.…The
the residuals
in regression
(1) of I(1)
(1)of
variables.
If xt and
t
and
𝑦
are
I
(1)
and
cointegrated,
𝑒
is
I
(0).
This
finding
means
that
the
error
term
is
stationary.
𝑡 and cointegrated, e is I (0). 𝑡This finding means that the error term is stationary. Integration
are I (1)
t
Integration implies that a long-term linear relationship exists between series 𝑥𝑡 and 𝑦𝑡 .
implies that a long-term linear relationship exists between series xt and yt .
In order to establish whether there is any cointegration relationship between the two vectors of
In order to establish whether there is any cointegration relationship between the two vectors of the
the time series, we use three variables: (𝑥𝑡 = (𝑥1,𝑡),0 𝑥2,𝑡 )′ and 𝑦
= (𝑦𝑡 )′, where 𝑦𝑡 represents either the
time series, we use three variables: xt = x1,t , x2,t and yt = ( y𝑡 t )0 , where
yt represents either the Hong
Hong Kong stock index or its market capitalization, 𝑥1,𝑡 represents either the Shanghai stock index or
Kong stock index or its market capitalization, x1,t represents
either the Shanghai stock index or its
its market capitalization, and 𝑥2,𝑡 represents either the Shenzhen stock index or its market
market capitalization, and x2,t represents
either the Shenzhen stock index or its market capitalization.
capitalization. If all the variables ( 𝑥1,𝑡 , 𝑥2,𝑡 , 𝑦𝑡 ) are integrated in degree one, academics and
If all the variables (x1,t , x2,t , yt ) are integrated in degree one, academics and practitioners will be
practitioners will be interested to examine whether any cointegration relationship exists among them.
In order to analyze this issue, we employ the Johansen cointegration test to estimate the cointegrating
vectors [33–35]. According to Johansen’s procedure, the p-dimensional unrestricted vector
autoregression (VAR) model should be first specified with k lags as follows:
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interested to examine whether any cointegration relationship exists among them. In order to analyze
this issue, we employ the Johansen cointegration test to estimate the cointegrating vectors [33–35].
According to Johansen’s procedure, the p-dimensional unrestricted vector autoregression (VAR) model
should be first specified with k lags as follows:
Zt =

k
X

Ai Zt−i + ΨDt + Ut ,

(2)

1

where Zt = [x1,t , x2,t , yt ]0 is a 3 × 1 vector of stochastic variables, Dt is a vector of dummies, and Ai is
an n × n matrix. If Ut is found to be a vector of I (0) residuals, a vector error correction model (VECM)
could be constructed as follows:
∆Zt =

k−1
X

Φi ∆Zt−1 + ΠZt−1 + ΨDt + Ut .

(3)

1

The hypothesis of cointegration is formulated as a reduced rank of the Π matrix. If the rank of
Π (r) is less than or equal to 2, such that Π = αβ0 and ΠZt−1 ∼ I (0), r cointegrating vectors exist
in β and the last (3-r) columns of the speed adjustment coefficients or loadings in α are zero [10].
Therefore, the matrix β0 Zt constitutes r cointegrating equations and β0 Zt−1 represents r disequilibrium
error terms.
In order to conduct the cointegration test, we employ the likelihood ratio (LR) reduced rank test
for the null hypothesis of, at most, r cointegrating vectors, which is given by the trace statistic, λtrace .
Moreover, the null hypothesis of r against the alternative of r–1 cointegrating vectors is known as the
maximal eigenvalue statistic, λmax , as shown in the following:
λtrace = −T

n
X

ln(1 − λi ), λmax = −T ln(1 − λi ),

(4)

i=r+1

where λi > . . . > λ3 denotes three eigenvalues of the corresponding eigenvectors.
4.2.2. Linear Granger Causality
If two I (1) vectors, xt and yt , are cointegrated, the following error-correction mechanism (ECM)
should be used to test Granger causality between the variables of interest:
∆xt
∆yt

!

=

Ax[2×1]
A y[1×1]

!


 Axx (L)[2×2]
+ 
A yx (L)[1×2]


!
Axy (L)[2×1]  ∆xt−1

+
A yy (L)[1×1]  ∆yt−1

αx[2×1]
α y[1×1]

!
· ecmt−1 +

!
ex,t
,
e y,t

(5)

where ecmt−1 is lag 1 of the error correction term, αx[2×1] and α y[1×1] are the coefficient vectors for
the error correction term ecmt−1 , and ∆xt = (∆x1,t , ∆x2,t )0 and ∆yt = (∆yt )0 are the corresponding
stationary differencing series. There are now two sources of causation of yt (xt ) by xt ( yt ), either through
the lagged dynamic terms, ∆xt−1 (∆yt−1 ), or through
term, ecm
 the error correction

 t−1 . Thereafter,
the null hypothesis, H0 :Axy (L) = 0 H0 : A yx (L) = 0 and/or H0 :αx = 0 H0 : α y = 0 , can be tested to
identify the Granger causality relationship using the LR test. We will discuss testing the null hypotheses,
H01 : Axy (L) = 0 and H02 : A yx (L) = 0, when two I (1) vectors, xt and yt , are not cointegrated.
However, if two I (1) vectors, xt and yt, are not cointegrated, the following VAR model should be
used to test Granger causality between the variables of interest:
∆xt
∆yt

!

=

Ax[2×1]
A y[1×1]

!


 Axx (L)[2×2]
+ 
A yx (L)[1×2]

Axy (L)[2×1]
A yy (L)[1×1]


!
 ∆xt−1

+
 ∆y
t−1

!
ex,t
,
e y,t

(6)
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where all the terms are defined in Equation (1). Testing the linear causality relationship between xt
and yt is equivalent to testing the following null hypotheses: H01 : Axy (L) = 0 and H02 : A yx (L) = 0.
There are four different situations for the causality relationships between xt and yt in (4): (a) rejecting
H01 but not rejecting H02 implies a unidirectional causality from yt to xt , (b) rejecting H02 but not rejecting
H01 implies a unidirectional causality from xt to yt , (c) rejecting both H01 and H02 implies the existence
of feedback relations, and (d) not rejecting both H01 and H02 implies that xt and yt are not rejected as
independent [36–38].
4.2.3. Nonlinear Granger Causality
The linear Granger causality test discussed in Section 4.2.2 is based on the assumption that the
relationship between the variables is linear. In order to further investigate whether any nonlinear
relationship exists between vectors xt and yt , we conduct a nonlinear causality test [36,37]. Evidence of
nonlinear relationships between stock markets is found in various studies. For example, The evidence
of significant nonlinear dependence in stock markets is found [39,40]. It is explained that the complex
and chaotic dynamics are likely to emerge in different parts of an economic system [40]. Further,
the pattern between different objectives may appear random following many statistical tests; however,
a more effective result may be achieved by using tests that consider the possibility of a nonlinear pattern.
Therefore, some nonlinear models have been developed in studies relating to economics and finance.
For example, it is noticed that the nonlinear structure in stock-price movements is motivated by asset
behavior that follows nonlinear models [41]. A nonparametric test is developed to detect the nonlinear
causal relationship between two variables [42]. The nonlinear causality test to the multivariate setting
is extended [36,37], and the test is further extended to panel data [38]. Nonlinear Granger causality are
also applied by some other scholars [43,44].
In order to identify any nonlinear Granger causality relationship from any two vector series,

xt = (x1,t , x2,t )0 and yt = ( yt )0 , we first use the linear model for {xt } and yt to identify their linear causal
relationships and obtain the corresponding residuals, {ε̂1t } and {ε̂2t }. Thereafter, we apply a nonlinear
Granger causality test to the residual series, {ε̂1t } and {ε̂2t }, of the two examined variables to identify the
remaining nonlinear causal relationships between their residuals. We denote Xt = (X1,t , . . . , Xn1,t )0 and
Yt = (Y1,t , . . . , Yn2,t )0 to be the corresponding residuals of any two vectors of the examined variables.
We first define the lead vector and lag vector of a time series, say Xi,t , as follows: for
Xi,t , i = 1, . . . , n1 , the mxi -lengthlead vector and the Lxi -length lag vector of Xi,t are
mx
Xi,t i ≡ Xi,t , Xi,t+1 , . . . , Xi,t+mx −1 , mxi = 1, 2, . . . , t = 1, 2, . . . , and
i


Lxi
Xi,t−L ≡ Xi,t−Lx , Xi,t−Lx +1 , . . . , Xi,t−1 , Lxi = 1, 2, . . . , t = Lxi + 1, Lxi + 2, . . . ,
i
i
xi




respectively. We denote Mx = mx1 , . . . , mxn1 , Lx = Lx1 , . . . , Lxn1 , mx = max(mx1 , . . . , mn1 ), and


lx = max Lx1 , . . . , Lxn1 .
my

Ly

i
The m yi -length lead vector, Yi,t i , the L yi -length lag vector, Yi,t−L
, of Yi,t , and M y , L y , m y , and l y
yi

can be defined similarly.
Using this modeling approach, we extend [36,37,42,45] to derive the following statistic,

 


√  C1 Mx + Lx , L y , e, n
(
)
C
M
+
L
,
e,
n
x
x
3



H = n
−
,
 C L , L , e, n

(
)
C
L
,
e,
n
4 x
2 x y

(7)

to test the null hypothesis, H0 , that Yt = (Y1,t , . . . , Yn2,t )0 does not strictly Granger cause Xt =
(X1,t , . . . , Xn1,t )0 . [37,38] have more information on the test statistic.
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5. Empirical Results and Discussion
5.1. Unit Root Test
We employ the classical unit root augmented Dickey–Fuller (ADF) test to examine whether there
is any unit root in the market capitalizations and the market indices for the “before” and “after periods”
and for all markets by taking into consideration the following conditions: “without a constant and
trend”, “a constant”, and “both a constant and trend”. The results of the ADF tests are presented in
Table 2. From the table, the null hypothesis that the series is non-stationary cannot be rejected for
market capitalizations, market indices, and for all markets in both periods. However, the hypothesis
that the first differences of market capitalizations and market indices are non-stationary is rejected
in all markets and in both periods, regardless of allowing for a constant, both a constant and trend,
or none of these. This suggests that market capitalizations and market indices are I (1) for all markets
in both periods.
Table 2. ADF Unit Root Tests—Level and First Difference of Variables.
Level
Variable/Market

Without a
Constant
and Trend

First Difference

With a
Constant

With a
Constant
and Trend

Without a
Constant
and Trend

With a
Constant

With a
Constant
and Trend

−1.919425
−2.180448
−1.698022

−2.205666
−1.120584
−1.354723

−52.60101 ***
−48.22354 ***
−45.59289 ***

−52.65588 ***
−48.34105 ***
−45.64103 ***

−52.66070 ***
−48.40782 ***
−45.65093 ***

−1.584134
−2.410414
−2.566980

−1.763568
−2.848671
−2.583824

−20.45296 ***
−16.90724 ***
−20.38275 ***

−20.43241 ***
−16.91163 ***
−20.37833 ***

−20.41225 ***
−16.98909 ***
−20.41032 ***

−2.371107
−1.934023
−1.661637

−2.637028
−1.517596
−1.471991

−49.52579 ***
−47.77306 ***
−45.09358 ***

−49.52618 ***
−47.79211 ***
−45.14931 ***

−49.51887 ***
−47.81669 ***
−45.15690 ***

−1.494780
−1.673607
−2.337842

−1.686786
−2.844149
−2.277986

−21.77970 ***
−16.82485 ***
−20.02130 ***

−21.76091 ***
−16.81046 ***
−20.01022 ***

−21.73916 ***
−16.88770 ***
−20.04949 ***

Market Capitalization—Before
Hong Kong
Shanghai
Shenzhen

1.682711
2.353194
1.694196

Market Capitalization—After
Hong Kong
Shanghai
Shenzhen

−0.086144
0.612571
0.627730

Market Index—Before
Hong Kong
Shanghai
Shenzhen

0.626803
1.066231
1.563084

Market Index—After
Hong Kong
Shanghai
Shenzhen

−0.334852
0.167181
0.456605

Notes: The critical ADF values are based on one-sided p-value. *, **, and *** denote significance at the 10%, 5%, and
1% levels, respectively.

5.2. Cointegration
Table 3 presents the results of the cointegration test for the market capitalizations and the major
market indices of the Hong Kong, Shanghai, and Shenzhen markets in both periods, “before” and
“after”. In the Johansen cointegration test, different numbers of lags and different informational criteria
could suggest different lag lengths for the explanatory variable; moreover, the different criteria could
cause conflicting results. In order to circumvent this limitation, we use Lag 1 to Lag 4 when applying
the Johansen cointegration test for each variable. With regard to market capitalization, the Hong Kong,
Shanghai, and Shenzhen markets are cointegrated at the 10% significance level at least in the “before”
and “after” periods. With regard to market indices, the Hong Kong, Shanghai, and Shenzhen markets
are cointegrated at the 10% significance level at least in the “after” period and are not cointegrated in
the “before” period. This finding infers that the Shanghai–Hong Kong Stock Connect has a significant
impact on the market indices, but not on the market capitalizations, of the Hong Kong, Shanghai,
and Shenzhen markets in the sense that the market indices of these markets become cointegrated
after the introduction of the Shanghai–Hong Kong Stock Connect but are not cointegrated before its
introduction. Nonetheless, the market capitalizations of the Hong Kong, Shanghai, and Shenzhen
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markets are cointegrated before and after the introduction of the Shanghai–Hong Kong Stock Connect.
Alternatively, we can say that the introduction of the Shanghai–Hong Kong Stock Connect has no effect
on the cointegration of the market capitalizations in the Hong Kong, Shanghai, and Shenzhen markets.
Table 3. The Johansen Cointegration Test.
Trace statistic
Lags

1

2

Maximal Eigenvalue Statistic
3

4

1

2

3

4

50.27316 ***

48.99552 **

26.82384 **

26.53612 **

27.53781 **

28.16635 **

41.72919 *

43.53722 **

43.44726 **

23.51745 *

25.62289 *

25.46559 *

24.03629 *

30.98641

30.39318

28.58406

15.41028

15.02911

14.67202

13.22303

43.02648 **

46.48707 **

47.99164 **

28.48594 **

29.83725 **

32.73789 ***

34.94959 ***

Market Capitalization—Before
50.41438 ***

49.85247 ***

Market Capitalization—After
40.62609 *
Market Index—Before
31.64630
Market Index—After
41.76066 *

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

We conduct the Engle–Granger two-step cointegration test as a complementary analysis to the
Johansen cointegration test. Table 4 presents the results for each of the variables and for different pairs
of markets for the “before” and “after” periods. The results suggest that a cointegration relationship
exists between Hong Kong and Shanghai and between Hong Kong and Shenzhen for the market
capitalizations and market indices in the “after” period but not in the “before” period. These results
are consistent with those in Table 3 and provide more information. First, the results of Tables 3 and 4
are the same for the market indices such that the Shanghai–Hong Kong Stock Connect has a significant
impact on the market indices of the Hong Kong, Shanghai, and Shenzhen markets in the sense that the
market indices of these markets become cointegrated after the introduction of the Shanghai–Hong
Kong Stock Connect but are not cointegrated before its introduction.
Table 4. Cointegrations between Shanghai, Shenzhen, and Hong Kong.
Dependent Variable

Independent Variable

Tau-Statistic for ADF Test
Before

After

Market Capitalization
Hong Kong
Shanghai

Shanghai
Hong Kong

−1.807367
−1.812675

−3.702708 ***
−3.697735 ***

Hong Kong
Shenzhen

Shenzhen
Hong Kong

−2.366831
−2.375368

−3.428527 ***
−3.422214 ***

Hong Kong
Shanghai

Shanghai
Hong Kong

−1.909637
−1.871656

−2.507151 *
−2.499474 *

Hong Kong
Shenzhen

Shenzhen
Hong Kong

−1.765747
−1.630341

−2.694529 *
−2.676564 *

Market Index

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

However, Table 3 shows that the market capitalizations of the Hong Kong, Shanghai, and Shenzhen
markets are cointegrated before and after the introduction of the Shanghai–Hong Kong Stock Connect,
while Table 4 shows that the market capitalizations between the Hong Kong and Shanghai markets and
between the Hong Kong and Shenzhen markets are cointegrated after, but not before, the introduction
of the Shanghai–Hong Kong Stock Connect. Readers may regard these results as contradictory because
Table 4 shows that the market capitalizations between the Hong Kong and Shanghai markets and
between the Hong Kong and Shenzhen markets are not cointegrated before the introduction of the
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Shanghai–Hong Kong Stock Connect, while Table 3 shows that the market capitalizations of the
Hong Kong, Shanghai, and Shenzhen markets are cointegrated in the “before” period. Nonetheless,
we note that the results are still consistent. For example, the market capitalization between Hong
Kong and Shanghai is not cointegrated in the “before” period; however, after including Shenzhen,
the market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets are cointegrated in
the “before” period. There is no contradiction. Overall, the results from Tables 3 and 4 conclude that
the Shanghai–Hong Kong Stock Connect has a significant impact on the market indices and market
capitalizations of the Hong Kong, Shanghai, and Shenzhen markets in the sense that in the pairings
of Hong Kong–Shanghai and Hong Kong–Shenzhen, both variables are not cointegrated before the
introduction of the Shanghai–Hong Kong Stock Connect but are cointegrated after its introduction.
Nonetheless, the Shanghai–Hong Kong Stock Connect has a greater impact on the market indices
of the Hong Kong, Shanghai, and Shenzhen markets in the sense that these market indices are not
cointegrated before the introduction of the Shanghai–Hong Kong Stock Connect but are cointegrated
after its introduction.
5.3. Linear Causality
Given the cointegration test results in Tables 3 and 4, we employ VECM and VAR for the
multivariate linear Granger causality test for the corresponding return data. Namely, we use the
VECM for market capitalizations in the “before” and “after” periods and for market indices in the
“after” period. Further, we apply VAR for the market indices in the “before” period. Because linear
Granger causality test results are sensitive to the chosen number of lags [1,46,47], we perform the test
by applying Lag 1 to Lag 4 to ensure the persistence of the causality effect. Table 5 presents the results.
The results in Table 5 suggest that for market capitalizations, Shanghai and Shenzhen together
strongly linear cause Hong Kong only in the “after” period; however, Hong Kong does not linear cause
Shanghai and Shenzhen in the “before” and “after” periods. With regard to the market indices, Table 5
also indicates that Shanghai and Shenzhen together strongly linear cause Hong Kong in the “before”
and “after” periods and that Hong Kong also strongly linear causes Shanghai and Shenzhen in the
“before” period. In the “after” period, Hong Kong only weakly linear causes Shanghai and Shenzhen.
Table 5. Multivariate Linear Causality Test.
Lags

1

2

3

4

7.38371

9.375204

10.72305

13.5075

10.91606

11.3073

12.10023

15.50066

24.53035 ***

25.04021 ***

25.89332 **

27.30361 **

7.541288

10.57955

10.38692

12.52102

29.53564 ***

32.25287 ***

41.44762 ***

45.33166 ***

26.19195 ***

35.55226 ***

40.05167 ***

50.15208 ***

16.33123 **

18.64942 **

21.32368 **

23.37843 *

8.691268

15.81915 *

19.27024 *

22.04703

Market Capitalization—Before
Shanghai, Shenzhen do not linear
cause Hong Kong
Hong Kong does not linear cause
Shanghai, Shenzhen
Market Capitalization—After
Shanghai, Shenzhen do not linear
cause Hong Kong
Hong Kong does not linear cause
Shanghai, Shenzhen
Market Index—Before
Shanghai, Shenzhen do not linear
cause Hong Kong
Hong Kong does not linear cause
Shanghai, Shenzhen
Market Index—After
Shanghai, Shenzhen do not linear
cause Hong Kong
Hong Kong does not linear cause
Shanghai, Shenzhen

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
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Again, and as a complementary analysis to the multivariate linear causality tests for both variables,
Tables 6 and 7 exhibit the results of the individual linear causality tests for each variable of different
stock exchange pairs. The results in Table 6 suggest that for market capitalizations in the “before”
period, Shenzhen strongly linear causes Hong Kong, while Hong Kong strongly linear causes Shanghai
and weakly linear causes Shenzhen. In the “after” period, Table 6 suggests that Shanghai strongly
linear causes Hong Kong, while Hong Kong strongly linear causes Shanghai and weakly linear
causes Shenzhen.
Table 6. Pairwise Linear Granger Causality Test—Market Capitalizations.
Null Hypothesis (Before)
Shanghai does not linear cause Hong
Kong
Hong Kong does not linear cause
Shanghai
Shenzhen does not linear cause Hong
Kong
Hong Kong does not linear cause
Shenzhen

Lag 1

Lag 2

Lag 3

Lag 4

0.978580

2.012203

2.192758

2.387463

8.537985 ***

8.480986 **

9.559701 **

10.36996 **

5.348578 **

6.381996 **

6.677565 *

8.543683 *

5.051887 **

4.996726 *

4.784889

5.999298

3.879897 **

5.268828 *

7.771181 *

11.00691 **

2.926277 *

4.441486

6.289897 *

8.776270 *

0.012944

1.287811

1.721678

4.355685

3.585345 *

4.261239

5.759532

10.40691 **

Null Hypothesis (After)
Shanghai does not linear cause Hong
Kong
Hong Kong does not linear cause
Shanghai
Shenzhen does not linear cause Hong
Kong
Hong Kong does not linear cause
Shenzhen

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

The results in Table 7 suggest that for the market indices, both Shanghai and Shenzhen strongly
linear cause Hong Kong separately, but Hong Kong does not linear cause either Shanghai or Shenzhen
in the “before” period. In the “after” period, both Shanghai and Shenzhen do not linear cause Hong
Kong separately and Hong Kong does not linear cause Shanghai or Shenzhen.
Table 7. Pairwise Linear Granger Causality Test—Market Indices.
Null Hypothesis (Before)
Shanghai does not linear cause Hong
Kong
Hong Kong does not linear cause
Shanghai
Shenzhen does not linear cause Hong
Kong
Hong Kong does not linear cause
Shenzhen

Lag 1

Lag 2

Lag 3

Lag 4

8.893183 ***

9.610947 ***

10.01526 ***

9.858900 **

1.427837

1.441529

1.406733

2.249378

16.52512 ***

16.90540 ***

17.56947 ***

17.47762 ***

0.191262

1.128381

1.054686

1.968744

1.650946

3.070147

4.425512

6.041571

1.099184

3.331752

4.805973

5.678313

0.309486

0.787259

0.978551

2.257896

0.426839

0.524547

1.352728

2.567101

Null Hypothesis (After)
Shanghai does not linear cause Hong
Kong
Hong Kong does not linear cause
Shanghai
Shenzhen does not linear cause Hong
Kong
Hong Kong does not linear cause
Shenzhen

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
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Table 4 shows the results of the pairwise cointegrations. However, for those pairs of variables that
are cointegrated, we have to include the speeds of the adjustments in the ECM linear Granger causality
model in Equation (3). The estimates of the speeds of adjustments are given in Tables 8 and 9 for market
capitalizations and market indices respectively. With regard to market capitalizations, the averages of
the estimated speeds of adjustments in any market are smaller than 0.049 (in absolute value), implying
that in general any movement away from the long-term equilibrium between the various market pairs
is slow to correct. An estimate of 0.049, at the upper limit of the means, implies a 4.9% adjustment
back to equilibrium in a given trading day. Similarly, for the market indices, the averages of the
estimated speeds of adjustments in any market are smaller than 0.032 (in absolute value), implying
that in general any movement away from the long-term equilibrium between the various market pairs
is slow to correct. An estimate of 0.032, at the upper limit of the means, implies a 3.2% adjustment back
to equilibrium in a given trading day.
Table 8. Speeds of Adjustments in the Linear Granger Causality Test—Market Capitalizations.
Null Hypothesis (Before)

Lag 1

Lag 2

Lag 3

Lag 4

Shanghai does not linear cause Hong Kong
Hong Kong does not linear cause Shanghai

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

Shenzhen does not linear cause Hong Kong
Hong Kong does not linear cause Shenzhen

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

Shanghai does not linear cause Hong Kong
Hong Kong does not linear cause Shanghai

−0.004669
−0.044791 ***

−0.005398
−0.046493 ***

−0.006306
−0.048387 ***

−0.006973
−0.048581 ***

Shenzhen does not linear cause Hong Kong
Hong Kong does not linear cause Shenzhen

−0.007094
−0.039959 ***

−0.007855
−0.040460 ***

−0.009215
−0.042351 ***

−0.010231
−0.043781 ***

Null Hypothesis (After)

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

Table 9. Speeds of Adjustments in the Linear Granger Causality Test—Market Indices.
Null Hypothesis (Before)

Lag 1

Lag 2

Lag 3

Lag 4

Shanghai does not linear cause Hong Kong
Hong Kong does not linear cause Shanghai

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

Shenzhen does not linear cause Hong Kong
Hong Kong does not linear cause Shenzhen

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

Shanghai does not linear cause Hong Kong
Hong Kong does not linear cause Shanghai

−0.000644
−0.028955 ***

−0.001230
−0.029045 ***

−0.001977
−0.030224 ***

−0.003281
−0.031811 ***

Shenzhen does not linear cause Hong Kong
Hong Kong does not linear cause Shenzhen

−0.003705
−0.020618 ***

−0.004845
−0.021161 ***

−0.006024
−0.021848 ***

−0.007039
−0.023016 ***

Null Hypothesis (After)

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

5.4. Nonlinear Causality
We suggest that linear and nonlinear causality relationships could be independent in the sense
that the existence of a linear causality relationship does not infer the existence of a nonlinear causality
relationship and vice versa. Therefore, we propose investigating whether there is any change in
nonlinear causality relationships after the introduction of the Shanghai–Hong Kong Stock Connect.
Consequently, we report in Table 10 the results of the multivariate nonlinear Granger causality tests of
different markets’ market capitalizations and stock indices. We find that for market capitalizations and
market indices, Shanghai and Shenzhen strongly nonlinearly cause Hong Kong in the “before” and
“after” periods, while Hong Kong strongly nonlinearly causes Shanghai and Shenzhen in the “before”
period and only weakly nonlinearly causes Shanghai and Shenzhen in the “after” period.
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Table 10. Multivariate Nonlinear Causality Test.
Lags

1

2

3

4

4.210291 ***

4.920050 ***

5.380364 ***

4.844110 ***

4.687631 ***

5.005889 ***

5.065219 ***

4.561966 ***

2.116468 **

2.820839 ***

2.350409 ***

1.308816 *

0.653933

1.520695 *

0.199958

0.971179

4.542631 ***

4.828466 ***

4.973165 ***

4.293640 ***

5.358980 ***

5.774119 ***

4.827240 ***

5.010060 ***

2.037944 **

2.242687 **

1.624614 *

1.186182

−0.221909

0.426697

−0.855035

0.523144

Market Capitalization—Before
Shanghai, Shenzhen do not nonlinearly cause
Hong Kong
Hong Kong does not nonlinearly cause
Shanghai, Shenzhen
Market Capitalization—After
Shanghai, Shenzhen do not nonlinearly cause
Hong Kong
Hong Kong does not nonlinearly cause
Shanghai, Shenzhen
Market Index—Before
Shanghai, Shenzhen do not nonlinearly cause
Hong Kong
Hong Kong does not nonlinearly cause
Shanghai, Shenzhen
Market Index—After
Shanghai, Shenzhen do not nonlinearly cause
Hong Kong
Hong Kong does not nonlinearly cause
Shanghai, Shenzhen

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

Again, and as a complementary analysis to the nonlinear Granger causality tests for all three stock
exchanges, Tables 11 and 12 present the results of the individual nonlinear Granger causality tests
for market capitalizations and the market indices respectively for each stock exchange pair. Table 11
suggests that for market capitalizations, Shanghai–Hong Kong and Shenzhen–Hong Kong are two
interactive pairwise markets in which strong bi-directional nonlinear Granger causalities are found in
the “before” period. In the “after” period, Table 11 suggests that Shanghai and Shenzhen strongly
nonlinearly cause Hong Kong individually, while Hong Kong only weakly nonlinearly causes Shanghai
and Shenzhen individually.
Table 11. Pairwise Nonlinear Causality Test—Market Capitalizations.
Null Hypothesis (Before)

Lag 1

Lag 2

Lag 3

Lag 4

Shanghai does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shanghai

3.795365 ***
4.619768 ***

4.551167 ***
5.187093 ***

5.164434 ***
5.304950 ***

4.694305 ***
4.865725 ***

Shenzhen does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shenzhen

3.804926 ***
4.225535 ***

4.500830 ***
5.039040 ***

5.043632 ***
5.194823 ***

4.707949 ***
4.742640 ***

Shanghai does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shanghai

1.468207 *
0.800458

2.749260 ***
1.572935 *

2.277180 **
0.540221

1.434418 *
1.133238

Shenzhen does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shenzhen

2.458619 ***
1.977940 **

2.952265 ***
2.261325 **

2.404669 ***
0.900703

1.366114 *
1.065920

Null Hypothesis (After)

Notes: The *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively.

With regard to the market indices, Table 12 suggests that Shanghai–Hong Kong and
Shenzhen–Hong Kong are two interactive pairwise markets in which strong bi-directional nonlinear
Granger causalities are found in the “before” period. In a similar way to market capitalizations (see
Table 11), Table 12 indicates that Shanghai and Shenzhen strongly nonlinearly cause Hong Kong
individually, while Hong Kong only weakly nonlinearly causes Shanghai and Shenzhen individually.
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Table 12. Pairwise Nonlinear Causality Test—Market Indices.
Null Hypothesis (Before)

Lag 1

Lag 2

Lag 3

Lag 4

Shanghai does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shanghai

4.337560 ***
5.296137 ***

4.680782 ***
5.917483 ***

4.778670 ***
5.496391 ***

3.847159 ***
5.363044 ***

Shenzhen does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shenzhen

3.972803 ***
4.303810 ***

4.353763 ***
5.414131 ***

4.490202 ***
5.009831 ***

4.149760 ***
4.677395 ***

Shanghai does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shanghai

1.565120 *
−0.117091

2.511137 ***
0.654299

1.870381 **
−0.268652

1.411452 *
0.819147

Shenzhen does not nonlinearly cause Hong Kong
Hong Kong does not nonlinearly cause Shenzhen

2.348446 ***
1.401143 *

2.349964 ***
1.890706 **

1.817364 **
0.670792

1.465420 *
0.896187

Null Hypothesis (After)

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.

6. Conclusions
We summarize all our empirical results in Tables 13 and 14. Table 13 shows that for market
capitalization, Shanghai and Shenzhen exist a high degree of cointegration with Hong Kong before and
after the implementation of the Stock Connect Scheme. As for causality, the strong effect found before
the rollout of the Scheme under the nonlinear analysis from Shanghai and Shenzhen to Hong Kong
(SH, SZ ⇒ HK) remains unchanged during the post implementation period. However, the nonlinear
causality effect from Hong Kong to Shanghai and Shenzhen (HK ⇒ SH, SZ) decreased after the
implementation of the Stock Connect Scheme.
Table 13. Summary of Multivariate Test Results.
Variables
Market
Capitalization
(Before)
Market
Capitalization
(After)

Cointegration

Causality

SH, SZ⇒HK

HK⇒SH, SZ

Strongly

Linear

x

x

Nonlinear

strongly

strongly

Linear

strongly

x

Nonlinear

strongly

weakly

Strongly

Market Index
(Before)

X

Linear
Nonlinear

strongly
strongly

strongly
strongly

Market Index
(After)

Strongly

Linear
Nonlinear

strongly
strongly

weakly
x

Table 14. Summary of Pairwise Test Results.
Variables
Market
Capitalization
(Before)
Market
Capitalization
(After)
Market
Index
(Before)
Market
Index
(After)

Cointegration
SH with HK

Cointegration
SZ with HK

x

x

3

x

3

3

x

3

Causality

SH⇒HK

SZ⇒HK

HK⇒SH

HK⇒SZ

Linear

x

strongly

strongly

strongly

Nonlinear

strongly

strongly

strongly

strongly

Linear

strongly

x

strongly

strongly

Nonlinear

strongly

strongly

weakly

strongly

Linear

strongly

strongly

x

x

Nonlinear

strongly

strongly

strongly

strongly

Linear

x

x

x

x

Nonlinear

strongly

strongly

x

strongly
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With regard to the market indices, no cointegration is found before the Stock Connect Scheme.
However, Shanghai and Shenzhen exhibit a high degree of cointegration with Hong Kong after the
rollout of the scheme. Regarding causality effect, a bi-directional causality relationship between
Shanghai/Shenzhen and Hong Kong (SH, SZ ∆ HK) is found before the rollout of the Stock Connect
Scheme, despite whether it is obtained from linear or nonlinear analysis. However, such causality
relationship is changed where a uni-directional causality from Shanghai and Shenzhen to Hong
Kong (SH, SZ ⇒ HK) dominates after the implementation of the Stock Connect Scheme. Therefore,
the causality effect from Hong Kong to Shanghai and Shenzhen (HK ⇒ SH, SZ) diminished after the
rollout of the Scheme.
Table 14 shows the pairwise test results. From both market capitalization and market index
perspectives, neither the Shanghai nor the Shenzhen market is cointegrated with Hong Kong market
before the implementation of Stock Connect Scheme. However, on a pairwise base, cointegration
relationships for Shanghai/Hong Kong and Shenzhen/Hong Kong are found after the rollout of the
scheme. The findings from pairwise test support the view that the Stock Connect Scheme has a
significant impact on both market capitalizations and market indices of the Hong Kong, Shanghai, and
Shenzhen markets. The Hong Kong stock market is still relevant to understand and predict China
stock market after the implementation of the Stock Connect Scheme.
This principal contribution of this study lies in the development of a model that makes it possible
to capture the degree of integration between the Chinese and Hong Kong stock markets following
the implementation of the Shanghai–Hong Kong Stock Connect. Our results suggest that market
integration has evolved progressively. Over the past three decades, Hong Kong has gradually become a
means for international investors to access Chinese assets. The Stock Connect Scheme is an innovative
move with significant impacts to both Hong Kong and mainland stock markets. Policy makers lay out
a broad strategy of market-oriented reform but in a manner that is controllable and expandable for
cross-border Renminbi (RMB) flow by connecting Mainland market to international investors. It paves
the way and is a natural consequence of steps that China is taking to open-up its capital account
and facilitate the move towards RMB internationalization, which is critical both to the political and
economic developments of China. The design of the Stock Connect Scheme provides a sustainable and
scalable model for further expansion to world’s major stock markets. Therefore, it is unsurprising to see
the correlation of market capitalization occurring before the introduction of the Stock Connect Scheme
as a positive development resulting from a wider investor base. It is also perhaps not that surprising to
see the non-stationary observation of market index performance before the introduction of the scheme.
This situation is reflected in the gradual growth of H-shares in the leading index constituents.
Further, as time has passed, the restrictions on accessing mainland markets have eased; thus,
overseas investors can now access China’s A-share market via a qualified quota known as QFII.
Likewise, the introduction of RQFII in 2011 has allowed an investment outflow to international markets.
In addition, higher levels of such co-movements are expected. Figures 2 and 3 show the growth of the
QFII and RQFII quotas, respectively.
One of the obvious observations is that the weakening of the investment outflow from Hong Kong
to China after the introduction of the Stock Connect Scheme also weakens Hong Kong’s influence
on China. While this study’s tests generally agree on the evidence of linear causality for market
capitalizations and the market indices before and after the introduction of the Stock Connect Scheme
from China to Hong Kong, it is interesting to find nonlinear cases from 2015 onward that suggest a
bilateral and possibly nonlinear degree of causal influence on each market. Heuristically, the speed
of capital flow from one market to another and the difference in the H-share and A-share premium
(see Figure 4) could drive the direction of funds. On the one hand, it is not difficult to see how Hong
Kong has provided cheaper asset-buying opportunities in the past decade; on the other, the change in
share premium difference between mainland China’s domestic A-share markets and Hong Kong’s
H-share market could direct investors’ appetites or sentiments. It is suggested here that these are

Stock Connect Scheme as a positive development resulting from a wider investor base. It is also
perhaps not that surprising to see the non-stationary observation of market index performance before
the introduction of the scheme. This situation is reflected in the gradual growth of H-shares in the
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This paper studies sustainability of financial integration among Shenzhen, Shanghai, and Hong
Kong stock markets. An extension of our paper could study sustainability of other aspects of financial
markets, for example, sustainability in warrant markets [48], sustainability in REITs [49],
sustainability in equity return dispersion and stock market volatility [50], sustainability in herding
behaviour [51], sustainability in portfolio selection [52], and sustainability in credit risk [53].
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This paper studies sustainability of financial integration among Shenzhen, Shanghai, and Hong
Kong stock markets. An extension of our paper could study sustainability of other aspects of financial
markets, for example, sustainability in warrant markets [48], sustainability in REITs [49], sustainability
in equity return dispersion and stock market volatility [50], sustainability in herding behaviour [51],
sustainability in portfolio selection [52], and sustainability in credit risk [53].
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