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Abstract 
This paper investigates the dynamic conditional correlations (DCC) of stock returns between Chi-
na and international markets. Statistics suggest that stock-return correlations across markets are 
time-varying, displaying a structural change triggered by an upward shift in China’s adoption of 
financial liberalization and the occurrence of the worldwide financial crisis. The dynamic correla-
tions are closely tied to geographic location: the highest correlation is with Hong Kong, followed 
by Taiwan and Korea; the correlations with Europe and the US are low. The DCC series are nega-
tively associated with the relative P/E ratios and are positively associated with the risk from the 
US market. 
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1. Introduction 
The success story of Chinese economic growth over the last three decades has been widely reported in various 
media and in the economic literature. Since 2013, China has been the largest trading country in the world market 
and is expanding its position in international trades. Along with the trade surpluses created through a series of 
trade and financial liberalizations, China has accumulated a substantial amount of international reserves. This 
large amount of international reserves not only provides China a solid base from which to foster its capital mar-
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kets as a vehicle to support economic growth but also creates a wealth effect, which means that investors de-
mand more investment opportunities to pursue higher returns. The escalating growth in financial assets, accom-
panied by expectations of more technological innovations and output growth, could lead to the conclusion that 
the Chinese stock market will continue to rise and that Chinese stocks will become one of the main international 
financial instruments being absorbed into investors’ portfolios.  

Indeed, the launch of the “stock connect” link between the Shanghai and Hong Kong stock exchanges on No-
vember 17, 2014, removes the traditional restrictions on holding stocks across borders by international investors 
and Chinese households. The Shanghai-Hong Kong stock connect increases portfolio choices for international 
investors, because it adds more than 800 companies with market capitalization of US$1 billion or more to the 
investment universe. For Chinese households, this scheme provides more investment instruments with which to 
carry out their saving plans; otherwise, their balance sheets would remain skewed toward a narrow choice of real 
estate or cash equivalent channels.1 With this new market development, it becomes more meaningful to investi-
gate the dynamic stock return relations between China’s and Hong Kong’s stock markets as well as between 
China and other international markets. This is not the first study to conduct an investigation of the dynamic rela-
tions between China and international markets [1]. However, over time, new schemes are introduced, new policy 
is implemented, and exogenous shocks occur, therefore, the nature of the dynamic changes and an updated in-
vestigation becomes necessary. 

To gain some insights into stock market conditions, in Figure 1 we plot the time series of the stock price in-
dices of the Chinese market and other international markets over time. Two sub-sample periods are worthy of 
comment. First, over the period 3/24/2000-3/11/2003, when most countries, such as the US, European and other 
Asian countries, suffered big losses (35.47% - 53.76%) and a fear of economic recession, Chinese stocks, on the 
contrary, gained steady growth, amounting to a 100.29% appreciation in prices. Since then, Chinese stocks have 
continued to soar, achieving a historical high of 6092.06 points on October 16, 2007, with a gain of 716.26%. 
However, a year later, as the US financial crisis was propagated to world markets, the Shanghai stock index 
plummeted to an all-time low of 1706.7 on November 4, 2008, dropping 71.98%, far worse than any other mar-
ket. Second, during the post-financial-crisis period, the Shanghai stock index declined from 3634.98 on 8/3/2009 
to 2134.06 on 7/10/2014, while correspondingly, the stock index in Hong Kong (20,807.25 - 23,238.99), fol-
lowing the US markets (S&P 500 = 1002.63 - 1964.68, DJ = 8285.56 - 16,915.07), appreciated substantially 
over the same sample period. The movements in the Chinese markets reveal two different phases vis-a-vis the 
global markets. In both sample periods (3/24/2000-3/11/2003 and 8/3/ 2009-7/10/2014), Chinese stocks move 
inversely with those of global markets. This characteristic conforms to investors’ notion of holding Chinese 
stocks as internationally diversified assets.  

By looking at the stock price movement in the Chinese market against the alternative markets in Figure 1, a 
number of issues deserve our attention. First, with the exceptions of the above two periods when Chinese stock  

 

 
Figure 1. Daily international market stock price indices: 5/12/1998-7/31/2015.                              

 

 

1[7] provides a summary of the report. Please refer to: http://www.goldmansachs.com/our-thinking/pages/stock-connect/report.pdf. 

http://www.goldmansachs.com/our-thinking/pages/stock-connect/report.pdf
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prices moved in the opposite direction, most of the time the Chinese market seems to display co-movement with 
international markets. Thus, there is less clear-cut correlation between China and international stock prices over 
the entire sample period. Second, besides the time-varying nature of stock prices, these price series might un-
dergo a structural change. Thus, it is of interest to investigate whether the evolution of the price series demon-
strates structural changes. The follow-up questions are: what is the timing for the structural shift and what model 
would be appropriate to describe the structural shift in prices? Third, in their investigation of a group of ad-
vanced markets, [2] finds that international markets are growing more interdependent and that the correlations 
become more significant within the same geographical region over time. A comparable question here is whether 
the Chinese equity market in its interactions with international markets follows a similar pattern; that is, do cor-
relations become more significant within a geographical region? It follows that in this study, we focus on the 
dynamic correlations between the Chinese equity market and its major neighboring markets in Asia. For com-
parison, we also include both the US and European markets, since these two economies are the major trading 
partners in the commodity and financial services areas and play a crucial role in promoting the technological 
transformation and financial modernization of the Chinese economy.  

Motivated by the issues outlined above, this study examines stock market behavior unique to the Chinese 
market. To provide a succinct focus, we raise the following questions that help us to set up testable hypotheses 
and to perform empirical analyses. First, we shall construct a return series for each market in order to achieve 
stationarity. Then we will ask: given a series of financial liberalizations, do the Chinese stock market’s correla-
tions with the global markets increase? Second, does the structural change present a level shift or a smooth tran-
sitional move? Third, are the variations in the dynamic correlation of stock returns over time associated with 
differences in economic fundamentals? If yes, what are the relevant economic fundamentals? Fourth, what is the 
role of interest rate policy in explaining the dynamic correlation of stock returns? Fifth, are dynamic correlations 
identical across different countries? If so, what factors may contribute to differences in dynamic correlation be-
havior? Is it due to geographical factors? To address these questions, this study examines stock market behavior 
based on aggregate stock indices. The evidence derived from the empirical analyses will shed some light on un-
derstanding the time-varying behavior of stock return correlations between China and international markets.  

The remainder of the paper is organized as follows. Section 2 provides a brief review of the co-movement li-
terature. Section 3 presents a multivariate (A)GARCH model to derive dynamic conditional correlations. Section 
4 describes the data and discusses the related statistics in this study. Section 5 analyzes the dynamic correlation 
path by fitting a step function based on the scheme of the qualified foreign institutional investors as well as a lo-
gistic smooth transition model. In this section, we also present evidence of fitting the related models. Section 6 
examines the correlation variations by using relative P/E ratios and the implied volatility. Section 7 contains 
summary and conclusions. 

2. Literature on International Market Linkages 
Many research studies have been devoted to examining stock market linkages. The literature can be briefly ca-
tegorized into the following groups. The first group focuses on market spillovers due to international financial 
contagion. Earlier research papers by [2]-[4] report evidence of unconditional correlations of stock returns 
across national markets. However, the results presented by [5] [6] find no significant correlations across coun-
tries after accounting for heteroscedasticity. One difficulty with the above models is their inability to recognize 
the time-varying nature of the conditional correlations. In fact, the correlations of stock returns are subject to-
change owing to ongoing exogenous shocks and/or changes in market expectations.  

Following [7]-[10] apply Engle’s DCC model to investigate the financial contagion of Asian markets during 
the Asian crisis of 1997-1998 and find that financial contagion is present in the region. In a related study, [11] 
discovered that the contagion effect is short-lived for the Asian crisis. In a separate study of the dynamic condi-
tional correlations of Brazil, Russia, India, and China (BRIC), [12] confirms that a contagion effect propagates 
from the crisis country to international markets and that emerging BRIC markets are more prone to financial 
contagion. The evidence seems to show some contagion and some interdependence. The divergence in the esti-
mating results, to some extent, depends on the length of the time series data and the use of econometric methods 
(see [13] [14]).  

The second group of studies emphasizes the impact of the US market on the world market due to the eco-
nomic power and dominant financial strength of the US (see [5] [9] [14]). Evidence suggests that the correla-
tions among international stock markets and that the degree of international co-movements among stock indices 
increased substantially in the post-October 1987 crisis period. [1] tests the stock markets of Thailand, Taiwan, 
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Japan, Singapore and Hong Kong and find evidence that these countries are highly dependent on the US market. 
Similarly, [15] reports that the US stock market plays a leading role in international markets over both the short 
and the long run. An important message to draw from these studies of international stock price linkages is that if 
the degree of correlation is high, the US will have significant power to dictate prices in international markets, 
and the likelihood of achieving international diversification tends to diminish. However, if the correlations are 
low, the global markets will offer investors an opportunity to achieve the benefit of diversifying their holdings of 
international stocks. Thus, it is important to examine whether China’s stock market index co-moves with those 
of the US and other international market.2 

While a large number of articles are devoted to empirical studies of cross-market correlations, including mar-
ket integration, financial contagion, global volatility spillovers, and co-movements in stock returns, it is not our 
intention to examine all of these issues. Rather, this paper focuses on the Chinese equity market and examines 
its dynamic movement with some major Asian markets. We also include both the US and the European and 
markets in order to verify the geographic hypothesis of correlation co-movements. Since China is a new player 
in the global stock market, a role driven by the country’s rapid economic growth, trade surpluses, financial asset 
accumulation, and enhancement of global connections, it is of interest to study the profile of the Chinese stock 
market and the timing of its dynamic correlations with global markets. 

Centering on the Chinese market, numerous studies have examined the linkages between the Chinese stock 
market and international markets. For instance, [16] conducts a correlation study and find no significant evi-
dence to support the causal patterns of stock returns between the Shanghai and Hong Kong markets. [17] 
presents a GARCH (1,1) regression model and find a negative correlation between the Chinese A-share markets 
(both the Shanghai and Shenzhen markets) and the Hong Kong market during the Asian crisis period (10/22/ 
1997-12/29/1998). Similarly, [18] finds weak linkages in stock returns, but there are no spillovers between 
Shanghai and Hong Kong. [19] examines the relations between Shanghai and New York stock returns and find 
no significant correlation. [20] applies daily data from January 2000 to August 2005 to a multivariate GARCH 
model and finds some significant correlation between Hong Kong’s and China’s stock markets; however, no 
comparable evidence supports the finding between China and the US markets. In a recent study, [20] finds evi-
dence of significant correlations between China’s and Hong Kong’s markets, but no significant support for the 
correlations between China and the US or European markets. In light of the existing evidence, this paper ex-
pands the scope of market coverage, including Hong Kong (HK), South Korea (KR), Taiwan, Japan (JP), Sou-
theastern Asia (SEA), emerging markets (EM), Europe (EURO), and the United States (US). In our study, we 
present an asymmetric GARCH-dynamic conditional correlation model to examine the nature of stock return 
correlations and search for appropriate economic factors to examine the variations in correlations. Our evidence 
suggests that the relative price/earnings (P/E) ratios play a significant role in explaining the conditional return 
correlations of market return series. That is, the testing result indicates that the correlation of stock returns is 
negatively related to the magnitude of the relative P/E ratios in the two markets.  

3. The Dynamic Conditional Correlation Model 
Recent studies suggest that Engle’s (2002) dynamic conditional correlation model is useful for estimating mar-
ket linkages in stock returns ([9] [10] [12] [14]), since the model captures dynamic return relations and describes 
the volatility clustering phenomenon. Moreover, it helps to alleviate the heteroscedasticity problem raised by 
[5]. Let {Rt} be a bivariate return series, expressed as:  

t ttµ= +R ε                                           (1) 

where 1, 2,t t tR R ′ =  R  is a 2 × 1 vector for stock market returns, and ( )1, 2,1|   ~ 0, ,t t t tt N Hε ε−
′Ω  =  ε  1t−Ω   

is the information set up to time t-1and including time t-1. It is convenient to treat 1,tR  as the return on Chinese 
stocks and 2,tR , the stock return in one of the international markets. The tµ  process is to follow the condition-
al expectation of multivariate time series properties3 In the multivariate DCC-GARCH structure, the conditional 

 

 

2[5] investigates the contagion effect by testing whether there is a significant increase in correlations across countries for the crisis period. It 
tests whether the cross return correlation structure remains unchanged over time using a dummy variable method. However, it is argue that 
the correlation structure following a smooth transitional process better captures the time series properties and evolution of information. 
3[7] and [8] form the foundation for this study. This GARCH-MIDAS specification allows researchers to extract a long-run correlation 
component via mixed data sampling. The shortage of high-frequency observations for the Chinese and other emerging markets prevents us 
from having the MIDAS touch with mixed frequencies in estimations. 
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variance-covariance matrix Ht is assumed to be: 

t t t tH D PD=                                          (2) 

where ( )11, 22,d ,iag t tt h hD =  is the 2 × 2 diagonal matrix of time-varying standard deviations from univa-  

riate models, and Pt is the time-varying conditional correlation matrix and satisfies the following conditions:  

( ) ( )1 1* *
t t t tP Q Q Q

− −
=                                       (3) 

where ( )11
*

, 22,diag ,t t tqQ q= .                                   (4) 

Now tP  in Equation (3) is a correlation matrix with ones on the diagonal and off-diagonal elements less than 
one in absolute value. The Qt is positive definite and is given by: 

( ) 1 1 11 ,t t t tQ a b Q au u bQ− − −′= − − + +                                (5) 

where ( ),t ij tQ q=  is the 2 × 2 time-varying covariance matrix of ut, [ ]t tQ E u u′=  is the 2 × 2 unconditional va-  
riance matrix of ut (where , , ,i t i t ii tu hε= , i = 1 and 2), and a and b are non-negative scalar parameters satisfy-  

ing ( ) 1a b+ < .4 A typical element , ij tρ  of tP  in a bivariate case is of the form:  

12,
12,

11, 22,

t
t

t t

q
q q

ρ = .                                      (6) 

As proposed by [7], the DCC model can be estimated by using a two-stage approach to maximizing the 
log-likelihood function.5 

It has been observed that the volatility of stock returns often reacts asymmetrically to negative news than to 
positive news. Evidence from financial markets suggests that negative shocks to asset prices tend to have a more 
profound impact on volatility than do positive shocks of the same magnitude [21] [22]. Note that DCC model in 
[7] has a computational advantage, but no consideration is given to the asymmetric effect of shocks on return 
volatility. [8] subsequently addresses this issue. The research procedure in this paper will follow the specifica-
tion of [8] if an asymmetric term is required.  

4. Data 
The data employed in this empirical study include stock indices for advanced markets and some major Asian 
markets including China. The data cover the daily trading stock indices from May 12, 1998 to July 31, 2015 
with a total of 4494 observations, including the Shanghai stock index (China A-shares), the Hang Seng index 
(Hong Kong), the Taiwan weighted stock index (Taiwan PI) the Korea SE composite index (South Korea), the 
Tokyo stock index (Japan), the emerging markets stock index, the southeastern Asia market index, the Euro 
STOXX 50, and the S&P 500 composite (US). We exclude holidays and outliers from the data.6 The inclusion of 
the markets in this study is based on the justifications of their trading activities with China involving in commodity 
markets and geographical connection. The starting dates are constrained by the lack of consistently available data 
for different variables of the markets in Datastream. All of the data are taken from Thomson Reuters’ Data-
stream. We also use the P/E ratio for each market and employ the interest rate change data to measure the easiness 
of Chinese monetary policy (in Appendix 1), the latter is obtained from the People’s Bank of China.  

 

 

4A typical element of Qt is given by ( ), , 1 , 1 , 11 ,ij t ij i t j t ij tq a b au u bqρ − − −= − − + +  where ijρ  is the unconditional correlation of , ,i t j tu u . 
5Let θ  denote the parameters in Dt, and φ  the parameters in Pt, then the log-likelihood function is: 

( ) ( )( ) ( )2 2 1

1 1

1 1, log 2π log log
2 2

T T

t t t t t t t t t t t
t t

l n D D P u P u u uθ φ ε ε− −

= =

   ′ ′ ′= − + + + − + −      
∑ ∑ . 

The first part of the likelihood function in the above equation is volatility, which is the sum of individual GARCH likelihoods. The 
log-likelihood function can be maximized in the first stage over the parameters in tD . Given the estimated parameters in the first stage, the 
correlation component of the likelihood function in the second stage (the second part of the above equation) can be maximized to estimate 
correlation coefficients. 
6The Chinese market has a longer holiday during the Chinese New Year period. We adjust the other markets in the same way for consistency. 
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Table 1 provides summary statistics for the stock return data of each market under investigation. The data 
suggest that the South Korean market has the highest average stock return, accompanied by the highest standard 
deviation. At the other end, the Japanese market has the lowest return, resulting from the depression in the Jap-
anese stock market since 1994.  

Table 2 reports the unconditional correlations between China and the stock returns of seven other markets. The 
evidence shows that all of the markets demonstrate a positive relationship. Among these markets, the Chinese 
market has higher correlations with the Asian markets than those of the European and US markets. Clearly, China 
and Hong Kong have the highest correlation (0.312). This value is lower compared to the earlier finding by [20],  

 
Table 1. Summary statistics of stock returns and correlations of different markets: 5/12/1998-7/31/2015.                                           

 CN_RM US_RM EU_RM HK_RM TW_RM JP_RM KO_RM SEA_RM EM_RM 

Mean 0.013 0.016 0.008 0.022 0.013 0.008 0.041 0.027 0.022 

Median 0.000 0.032 0.048 0.001 0.011 0.000 0.007 0.061 0.091 

Maximum 9.439 10.902 9.468 10.592 8.957 12.292 11.388 10.444 8.957 

Minimum −9.306 −9.409 −10.401 −11.578 −10.457 −9.847 −12.694 −8.214 −9.840 

Std. Dev. 1.572 1.249 1.290 1.452 1.658 1.327 1.791 1.089 1.119 

Skewness −0.112 −0.222 −0.262 −0.104 −0.012 −0.367 −0.138 −0.344 −0.712 

Kurtosis 7.824 10.645 9.182 9.156 5.732 9.033 8.167 11.080 10.556 

Jarque-Bera 4367 10,979 7205 7102 1401 6915 5013 12,311 11,067 

Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sum of sq. errors 11,096 7007 7475 9466 12,377 7912 14,414 5323 5627 

Observations 4493 4493 4493 4493 4505 4493 4493 4493 4493 

 
Table 2. Correlations of market stock returns across different markets: 5/12/1998-7/31/2015.                                           

Correlation         

t-Statistic CN_RM US_RM EU_RM HK_RM TW_RM JP_RM KO_RM SEAA_RM EM_RM 

CN_RM 1         

US_RM 0.038 1        

 2.53 -----        

EU_RM 0.118 0.532 1       

 7.98 42.06 -----       

HK_RM 0.312 0.188 0.413 1      

 22.01 12.80 30.43 ----      

TW_RM 0.157 0.108 0.204 0.433 1     

 10.65 7.27 13.98 32.19 -----     

JP_RM 0.178 0.118 0.310 0.524 0.367 1    

 12.13 7.93 21.85 41.27 26.45 -----    

KO_RM 0.146 0.146 0.303 0.551 0.449 0.479 1   

 9.86 9.92 21.31 44.20 33.67 36.54 -----   

SEAA_RM 0.225 0.180 0.454 0.686 0.447 0.483 0.509 1  

 15.51 12.24 34.15 63.14 33.45 36.93 39.61 -----  

EM_RM 0.087 0.438 0.709 0.674 0.552 0.499 0.616 0.735 1 

 18.24 32.65 67.37 61.18 44.41 38.63 52.37 72.60 ----- 

This table reports unconditional correlation coefficients and the corresponding t-statistics of stock returns for pairwise markets. 
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since the Chinese stock market persistently declined over the period 2009-2013 (see Figure 1), while the other 
markets, including Hong Kong, have been moving up with the US market. The higher correlation with the HK 
market is attributable to its strong economic and business ties with China, sharing business know-how and orga-
nizational and institutional settings. The geographical connection and cultural similarity give investors in this 
region a great deal of advantages in terms of information exchange, processing, and awareness of regulations and 
transportation costs, which help to promote stock trading.  

5. Estimations of Conditional Correlations 
5.1. Evidence of Co-Movements 
We estimate the dynamic correlations between China and various international markets by using the (A) DCC- 
GARCH model ([7] [8]) represented by the system of Equations (1)-(7). The estimates reported in Table 3 show 
that the mean values of daily correlations range from 0.037 (China-US) to 0.322 (China-Hong Kong), with some 
deviations from the unconditional correlations reported in Table 2. The average conditional correlation with the 
Hong Kong market has the highest value, accompanied by a high standard deviation. On the contrary, the Chi-
nese and US markets have the lowest correlation, but with less variation (lowest standard deviation), followed 
by the EU market, implying relatively few linkages with these two markets.  

To provide a visual inspection, we present the dynamic trajectory of the conditional correlations in Figure 2. 
Clearly, the Hong Kong market series displays a higher position and exhibits more volatile fluctuations (0.181) 
as shown in Table 3. The correlation with the US series, on the other hand, lies below the other markets most of 
the time. Other markets lie in between these two extremes. In general, all of the conditional correlation series 
present some degree of upward co-movement around the time of the US financial crisis in 2007. 

5.2. Time Series Factors for Dynamic Correlation Shift 
5.2.1. Step Function Model 
A look at the trajectory of dynamic correlations in Figure 2 indicates that the correlation series show minor 
structural changes around 2007. It has been observed that the Chinese government tends to take a gradual ap-
proach to liberalizing financial markets. For instance, in order to more closely align China’s stock market with 
those in the global markets, the Chinese government introduced the qualified foreign institutional investor 
(QFII) and qualified domestic institutional investor (QDII) schemes.7 These arrangements provide international 
financial institutions with a broader opportunity to assess Chinese stock markets. It is anticipated that the im-
plementation of the QFII programs as well as the impact of China’s joining the WTO will have some influence  

 
Table 3. A summary of statistics of dynamic correlations between China and international markets.                                           

 CN_US CN_EU CN_HK CN_TW CN_JP CN_KO CN_SEA CN_EM 

Mean 0.037 0.086 0.322 0.170 0.153 0.200 0.220 0.240 

Median 0.021 0.088 0.316 0.162 0.136 0.199 0.223 0.238 

Maximum 0.218 0.372 0.688 0.438 0.538 0.564 0.639 0.633 

Minimum −0.041 −0.215 −0.593 −0.337 −0.079 −0.118 −0.465 −0.383 

Std. Dev. 0.049 0.094 0.181 0.116 0.087 0.129 0.114 0.135 

Skewness 1.016 −0.088 −0.400 −0.052 0.875 0.084 −0.238 −0.031 

Kurtosis 3.390 2.967 3.133 2.606 3.807 2.345 3.564 2.949 

Jarque-Bera 801.888 6.063 122.902 31.026 695.897 85.571 102.102 1.236 

Probability 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.54 

Sum Sq. Dev. 10.639 39.774 147.280 59.960 34.311 75.302 58.818 82.185 

Observations 4493 4493 4494 4493 4493 4493 4493 4493 

a. This table reports a summary of statistics of dynamic conditional correlations of stock returns between China and international markets for the pe-
riod of 5/12/1998-7/31/2015. 

 

 

7Based on a report by the Shanghai Stock Exchange, a total of 281 qualified foreign institutions were approved for the period from May 23, 
2003 through April 8, 2015. 
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Figure 2. Dynamic conditional correlations of stock returns: China and international markets.                                           

 
on the structural relations between the two markets’ dynamic correlations of stock returns [20] [23]. To model 
the policy impact, we use the intervention model ([9] [24]) in the form of a step function approach to highlight 
the effect of policy on the dynamic return correlations. The test equation is given by: 

, ,ˆ .i j tt tIα β ερ = + +                                     (7)  

where , ,ˆi j tρ  is the conditional correlations of stock returns between i(China) and j (international markets), It is 
the indicator variable to capture the presence of QFII, which takes the value of unity, It = 1, for the period from 
May 23, 2003 through April 8, 2015, and 0 otherwise. The starting date of May 23, 2003 is based on the fact that 
on that date, UBS AG, a global Swiss financial services company, was the first foreign financial institution to 
meet the qualifications. A total of 281 qualified foreign institutions were approved for the sample period from 
May 23, 2003 through April 8, 2015. A positive value of β  represents an upward shift in the correlation series 
resulting from the implementation of the QFII scheme. 

Table 4 reports the regression estimates of the QFII scheme on each market’s DCC of stock returns by using 
the Newey-West consistent estimator. The statistics indicate that the model has some explanatory power, with 
R-squares ranging from 0.0456 to 0.239. The coefficient of the indicator variable, β , is positive and highly 
significant for all of the markets, with an upward shift of 0.239 for the HK market, followed by a 0.1459 shift 
for the South Korean market; both the US and Japan appear to have low values. The shift in correlation coeffi-
cients becomes more apparent as we look at Figure 3(a)-Figure 10(a). Certainly, liberalization of financial re-
strictions in the Chinese market helps to promote international investment activity, as reflected in an increase in 
correlated returns. This also brings about transference of risk among investors [25]. The evidence shows that 
stock markets also present different degrees of co-movement, which may be attributable to different pricing 
processes, country risk factors, cultural ties, and geographic connections. 

Two points in relation to this approach merit comment. First, using the step function model based on the 
dummy variable approach is useful to highlight a discrete impact of the QFII. This approach, however, is unable 
to describe the smooth transitional changes resulting from the Chinese liberalization policies during the test pe-
riod. Second, there is no precise criterion by which to judge whether the transitional point is consistent with the 
behavioral change in investors. In the above test, all the series are assumed to follow an identical structure for 
parametric shift; in fact, the recognition and/or adjustment lags could lead to a misspecification of the model.  

5.2.2. Logistic Smooth Transition Model (LSTM) 
To detect a policy effect on market behavior featuring a smoothing process and to detect a precise transitional  
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Table 4. Estimates of QFII on dynamic conditional correlations of stock returns: 5/12/1998-4/08/2015.                                           

Markets α  β  ADF statistic 2R  

, ,ˆCN US tρ  −0.0061*** 
(5.09) 

0.0612*** 
(21.52) −4.38*** 0.20 

, ,ˆCN EU tρ  0.0222*** 
(3.54) 

0.0900*** 
(11.54) −9.39*** 0.19 

, ,ˆCN HK tρ  0.1526*** 
(13.99) 

0.2390*** 
(17.59) −7.73*** 0.36 

, ,ˆCN TW tρ  0.0759*** 
(27.93) 

0.1328*** 
(41.01) −5.61*** 0.27 

,ˆCNJP tρ  0.1206*** 
(21.00) 

0.0456*** 
(6.22) −11.42*** 0.06 

, ,,ˆCN KO tρ  0.0964*** 
(12.23) 

0.1459*** 
(14.47) −8. 32*** 0.26 

, ,ˆCN SEA tρ  0.1552*** 
(52.78) 

0.0918*** 
(26.27) −14.82*** 0.13 

, ,ˆCN EM tρ  0.1551*** 
(45.37) 

0.1196*** 
(29.45) −12.52*** 0.16 

a. This table presents the estimates of the impact of the QFII and QDII on the conditional correlation time series:
, ,

ˆ .C j tt tIα β ερ = + + . where α and β 
are constant coefficients, respectively;

, ,
ˆ

C j tρ  is the correlation coefficient between stock returns for market C (CN) and j (j = HK, KR, JP, EU, US) 
returns derived from the DCC model; It is an indicator variable to capture the presence of QFII and QDII, which is set to be unity, It = 1, for the period 
from May 23, 2003 through April 8, 2015, otherwise = 0. A total of 281 qualified foreign institutions were approved for the sample period from May 
23, 2003 through April 8, 2015. ADF statistic is the Dickey-Fuller test to examine the unit root of the equation. b. ***, **, and *denote statistical signi-
ficance at the 1%, 5%, and 10% levels, respectively. 
 
location in the conditional correlation series, we fit the conditional correlation series into a logistic smooth tran-
sition regression model (LSTM). Following the specification proposed by [20] [26]-[28], we write: 

( ), ,ˆ ,i j t t tSρ α β γ τ ν+ +=                                 (8) 

( ) ( )
1, , 0

1 et t TS γ τγ τ τ
− −

= >
+

                              (9)
 

where , ,ˆi j tρ  is the conditional correlations of stock returns between i(China) and j (international markets) de-
rived from the (A)DCC model ([7] [8]); tν  is a zero mean stationary series; St is the logistic function; T is the 
sample size; and α, β, γ, and τ are estimated parameters. In this model, , ,ˆi j tρ  is assumed to change from an ini-
tial value of α to α + β. Thus, α can be viewed as a measure of regime one in market, and α + β as regime 2. A 
positive value of β indicates an upward shift in regime change (or an increase in linkages). The parameter γ de-
termines the speed of the transition between the two regimes. The timing of the transition midpoint, which is the 
halfway point from regime one to two, is determined by the parameter τ. In particular, the transitional date can 
be obtained by using τ × T (observations).  

Table 5 reports the estimated parameters of Equations (8) and (9) and transition midpoint. It can be seen from 
the estimated statistics that all of the markets exhibit regime changes, shifting from a lower correlation regime to 
a higher correlation regime, as evidenced by the positive value of βs, ranging from 0.2897 (HK) to 0.0625 (JP). 
Interestingly, the level of shifting in general is slightly higher than those obtained by the step-function approach 
in Table 4. The statistics also suggest that the estimated coefficients of the speed of the transition for all of the 
markets have positive signs (γ > 0) and are statistically significant. Particularly, the value of γ for the US market 
(0.029) is the highest, suggesting that the transition toward integration has the faster speed compared with that in 
other markets. On the contrary, the Japanese market has the slowest movement toward integration, as γ = 
0.0024. The statistics in Table 4 also indicate that a structural transition occurs around 2007-2009 for most 
markets, as evidenced by the parameter τ values from 0.4327 (Korea) to 0.6379 (US). These estimated values of 
τ correspond to the time periods 11/21/2005-9/22/2009. It is true that during this time period, the Chinese gov-
ernment adopted a series of financial reforms with more liberal policies, including China’s joining the WTO, the  
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Table 5. Estimates of LSTM of dynamic correlations based on market data: 5/12/1998-7/31/2015.                                           

Markets α  β  γ  τ  Transition  
midpoint ADF statistic 2R  

, ,ˆCN US tρ  0.008*** 
(13.49) 

0.082*** 
(85.56) 

0.029*** 
(7.36) 

0.638*** 
(536.09) 9/22/2009 −4.54*** 0.63 

, ,ˆCN EU tρ  0.053*** 
(31.39) 

0.079*** 
(28.81) 

0.028*** 
(5.02) 

0.583*** 
(11.94) 5/23/2008 −9.26*** 0.17 

, ,ˆCN HK tρ  0.184*** 
(73.12) 

0.289*** 
(76.37) 

0.013*** 
(9.76) 

0.523*** 
(265.32) 5/14/2007 −9.95*** 0.60 

, ,ˆCN TW tρ  0.079*** 
(39.98) 

0.193*** 
(61.41) 

0.004*** 
(14.72) 

0.533*** 
(131.31) 7/18/2007 −7.03*** 0.55 

,ˆCNJP tρ  0.123*** 
(7206) 

0.063*** 
(25.63) 

0.002 
(0.00) 

0.514 
(0.16) 3/14/2007 −11.89*** 0.13 

, ,,ˆCN KO tρ  0.101*** 
(10.32) 

0.174*** 
(12.36) 

0.004*** 
(3.13) 

0.433*** 
(20.74) 11/21/2005 −8.70*** 0.33 

, ,ˆCN SEA tρ  0.124*** 
(759.86) 

0.064*** 
(26.24) 

0.0026*** 
(25.92) 

0.551*** 
(111.36 11/07/2007 −11.94*** 0.13 

, ,ˆCN EM tρ  0.185*** 
(87.95) 

0.120*** 
(38.91) 

0.019*** 
(4.06) 

0.527*** 
(122.42) 7/22/2008 −10.32*** 0.26 

a. This table presents the estimates of the logistic smooth transition regression model for the conditional correlation time series , ,î j tρ . The model is 

given by ( ), ,
ˆ ,i j t t tS uρ α β γ τ= + ⋅ + . ( ) ( )( )( ) 1

, 1 e 0,xp ,t t TS γ τ τγ τ
−

= − >+ − . where ut is a zero mean stationary series; St is the logistic function; 

T is the sample size; and α, β, γ, and τ are estimated parameters. t-statistics in absolute value are given in parentheses. The critical values for the ADF 
statistic at the 1%, 5%, and 10% levels of significance are −3.432, −2.862, and −2.567, respectively; ***, **, and *denote statistical significance at the 
1%, 5%, and 10% levels, respectively. b. The null hypothesis of non-stationarity is rejected by the ADF statistics for all markets. The transition mid-
point is obtained by τ × 4493(observation). 
 
implementation of the QFII (qualified foreign institutional investors), and the “stock connect” between the 
Shanghai and Hong Kong stock exchanges.8 The catalyst is the global financial crisis, and the highly volatile 
trading activities that heightened correlations of international stock returns. Thus, the evidence suggests that the 
outcome of liberal financial policies and the outbreak of the worldwide financial crisis brought about the struc-
tural changes in the dynamic correlations. 

As part of the modeling process of [26], we test whether the residuals from a smooth transition model are sta-
tionary around the trend. By applying the augmented Dickey-Fuller (ADF) test to the residual series after fitting 
a smooth transition regression model, the ADF statistics in Table 5 indicate that all of the markets are signifi-
cant at the 1% level, supporting the use of a smooth transition model. 

It is of interest to compare the performances of two types of model specification. The fitted values from the 
LSTM and residuals are depicted in Figure 3(a)-Figure 10(a), along with Figure 3(a)-Figure 10(a). Two 
points are worth noting from these figures. First, the transitional point of the dynamic conditional correlation se-
ries is better described by the LSTM than by the step regression model, since the structural break-point can be 
more precisely located and better matched with the time series property. Second, the dynamic structural changes 
evolve with a smooth transitional process that reflects the combined effects of various financial market res-

 

 

8On November 10, 2001, the World Trade Organization (WTO) officially approved China’s entry as a member 
(https://www.wto.org/english/thewto_e/countries_e/china_e.htm#top). The QFII is a program that was launched in 2002 in the People’s 
Republic of China to allow licensed foreign investors to buy and sell yuan-denominated A-shares in China’s mainland stocks on the Shanghai 
and Shenzhen exchanges. As reported by the China Securities Regulatory Commission, the number of licensed QFII investors increased from 
12 in December 2003 to 281 on April 8, 2015. On November 17, 2014, the launch of the “stock connect” link between the Shanghai and 
Hong Kong stock exchanges relaxed the restrictions that historically split the Chinese stock market between shares available to local inves-
tors and those available to international investors. 

https://www.wto.org/english/thewto_e/countries_e/china_e.htm%23top
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Renminbi
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Shanghai_Stock_Exchange
http://en.wikipedia.org/wiki/Shenzhen_Stock_Exchange
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ponses to policies or external shocks, rather than a single discrete change as presented by the step function mod-
el. Obviously, the step function model tends to ignore the lagged effect or smooth transitional process.  

Another interesting point we should mention is that among different market linkages, the Hong Kong and 
Chinese markets present the highest correlation path, sharing the prosperity boom; yet it holds true as one of the 
markets goes down. Conversely, the Chinese stock market has the lowest correlation with the US market. The 
low correlation implies that the portfolio combination of US and Chinese stocks is able to achieve the benefits of 
international diversification.9 
 

 
Figure 3. (a) Impact of QFII on DCC of stock returns: China (CN) and US markets. (b) LSTM estimates 
of DCC on stock returns: China (CN) and US markets. (c) LSTM-VIX estimates of DCC on stock re-
turns: China (CN) and US markets.                                                                                     

 

 

9[29] and [20] find low correlations with some sectoral stocks, implying that at the sectoral level, it is also possible to explore the benefits of 
international diversification despite co-movements prevailing at the market level. 
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6. Economic Factors for Dynamic Correlation Variations 
6.1. P/E Ratio and Conditional Correlation Variations 
Fitting the correlation series by applying a smooth transition model helps to identify a smoothing regime change 
and locate the transitional point in time. However, a careful inspection of the residuals after fitting a smooth transi-
tion model for each market as shown in Figure 3(b)-Figure 10(b) suggests that no particular economic variable 
has been used to explain the dynamic conditional correlation variations over time. To address the issue, we shall 
use the observed P/E ratios between two markets as a proxy for the difference in economic fundamentals. Our 
decision is based on the observation that, for a market such as China, it is hard to find relevant data for measur-
ing economic fundamentals. Based on our investigation, the majority of stocks are not paying out dividends. For  
 

 
Figure 4. (a) Impact of QFII on DCC of stock returns: China (CN) and Euro market (EU). (b) 
LSTM estimates of DCC on stock returns: China (CN) and Euro market (EU). (c) LSTM-VIX 
estimates of DCC on stock returns: China (CN) and Euro market (EU).                                           
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Figure 5. (a) Impact of QFII on DCC of stock returns: China (CN) and Hong Kong (HK). (b) LSTM 
estimates of DCC on stock returns: China (CN) and Hong Kong (HK). (c) LSTM-VIX estimates of 
DCC on stock returns: China (CN) and Hong Kong (HK).                                           

 
the majority of non-sophisticated investors in China, the P/E ratio is easy to observe and that is sufficient to 
capture the fundamentals of the stock valuation. As the two P/E ratios move too far away from each other, the 
high P/E ratio market, such as China, can be interpreted as an out-of-market fundamental base. Thus, the irra-
tional investors that push the P/E too high can be seen as a source of risk, causing rational investors to sell off 
their stocks and trigger price reversion. On the other hand, a stable relation between the high and low P/E ratios 
can be viewed as a stable state of economic market fundamentals, reflecting a stable correlation between stock 
returns in the two markets. Thus, we anticipate that the correlation coefficient of stock returns is negatively re-
lated to the P/E differential of the two markets. This line of logic leads us to specify: 
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Figure 6. (a) Impact of QFII on DCC of stock returns: China (CN) and Taiwan (TW). (b) LSTM 
estimates of DCC on stock returns: China (CN) and Taiwan (TW). (c) LSTM-VIX estimates of 
DCC on stock returns: China (CN) and Taiwan (TW).                                                                                     

 

, , 0 1
. .

ˆ log logi j t t
H t L t

P P
E E

ρ φ φ ε
    = + − +    

    
                      (10) 

where , ,ˆi j tρ  is the conditional correlation for markets i (China) and j (non-Chinese markets) after applying the 

Fisher transformation on the conditional correlation coefficient;10 
. .

log log
H t L t

P P
E E

    −    
    

 is the log-dif-  

 

 

10We apply the Fisher transformation, since some of the correlation coefficients are negative ([9] and [30]). 
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Figure 7. (a) Impact of QFII on DCC of stock returns: China (CN) and Japan (JP). (b) LSTM esti-
mates of DCC on stock returns: China (CN) and Japan (JP). (c) LSTM-VIX estimates of DCC on stock 
returns: China (CN) and Japan (JP).                                                                                     

 
ference of the high and low P/E ratios for the two markets.11 1φ  is expected to be negative, since an increase in 
the P/E ratio relative to that of a comparable country implies a greater difference in market fundamentals, and 
investors tend to sell off stocks in the market with excessively higher P/E ratios, leading to a fall in stock prices.  

 

 

11In our early empirical experiment, the conditional variances in the exchange rate of the Chinese RMB and different foreign currencies were 
also included. However, the testing results suggest that most of them are statistically insignificant. One of the main reasons to exclude this 
variable is that the bilateral exchange rates between China and the markets under investigation do not change frequently enough, especially 
with respect to Hong Kong’s currency. As a result, the inclusion of exchange rate uncertainty does not play a significant role in the test equ-
ation. 
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Figure 8. (a) Impact of QFII on DCC of stock returns: China (CN) and Korea (KO). (b) LSTM esti-
mates of DCC on stock returns: China (CN) and Korea (KO). (c) LSTM-VIX estimates of DCC on 
stock returns: China (CN) and Korea (KO).                                                                                     

 
This leads to a reverse correlation of stock returns. Estimates of Equation (10) are reported in Table 6. The evi-
dence suggests that all of the estimated coefficients of the relative P/E ratios have the expected sign and are sta-
tistically significant. Note that we should interpret the sign carefully. For the Japanese market, the negative sign  

applies to the 
. .

log log
JP t CN t

P P
E E

    −    
    

, since the statistics in Table 7, and as shown in Figure 11, indicate  

that the P/E ratio in the Japanese market (31.639) is higher than that in the Chinese market (24.859); for the other  
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Figure 9. (a) Impact of QFII on DCC of stock returns: China (CN) and SE Asia (SEA). (b) LSTM esti-
mates of DCC on stock returns: China (CN) and SE Asia (SEA). (c) LSTM-VIX estimates of DCC on 
stock returns: China (CN) and SE Asia (SEA).                                                                                     

 

markets, the right-hand-side variable is given by 
. .

log log
CN t i t

P P
E E

    −    
    

, since the Chinese market has a  

higher P/E ratio compared to other markets (20.429 in the US, 15.388 in EU, 14.713 in HK, and so on).12 The  

 

 

12We did additional tests. First, we test the DCC between JP and US and the relative P/E ratio for the two markets; this yields a coefficient of 
−0.045 (t = 17.13) and an R-squared of 0.06. Second, we fit the model of the DCC of China (JP) and one-day lag of the US (EU) market on 
the corresponding P/E ratio, which yields a comparable result. We did this because of the 12-hour difference in the open (and closed) trading 
hours between China (Japan) and the US and a bit shorter difference between China and the EU markets. 
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Figure 10. (a) Impact of QFII on DCC of stock returns: China (CN) and emerging (EM) markets. (b) LSTM es-
timates of DCC on stock returns: China (CN) and emerging (EM) markets. (c) LSTM-VIX estimates of DCC on 
stock returns: China (CN) and emerging (EM) markets.                                                          

 
evidence, therefore, conforms to the theoretical prediction and illustrates that the decoupling of stock returns is 
correlated with an increase in deviations of the P/E ratios of the two markets.  

6.2. Implied Volatility and Conditional Correlation Variations 
The path of fitting the conditional correlation series by using an LSTM, as in Figure 3(b)-Figure 10(b), and to  
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Figure 11. Time series plots of P/E ratios for different markets.                                       

 
Table 6. Estimates of the conditional correlation of stock returns based on the relative log(P/E): 5/12/1998-7/31/2015.                    

Markets , ,ˆCN US tρ  , ,ˆCN EU tρ  , ,ˆCN HK tρ  , ,ˆCN TW tρ  ,ˆCNJP tρ  , ,,ˆCN KO tρ  , ,ˆCN SEA tρ  , ,ˆCN EM tρ  

C −0.043*** 
(62.07) 

0.103*** 
(54.67) 

0.399*** 
(103.98) 

0.207*** 
(46.39) 

0.167*** 
(106.73) 

0.230*** 
(91.99) 

0.255*** 
(116.48) 

−0.283*** 
(117.60) 

Log(PEH,t/PEL,t) 
−0.051*** 
(29.89) 

−0.0440*** 
(13.37) 

−0.174*** 
(26.47) 

−0.145*** 
(14.77) 

−0.060*** 
(15.31) 

−0.061*** 
(18.18) 

−0.078*** 
(23.55) 

−0.073*** 
(22.74) 

2R  0.17 0.04 0.13 0.29 0.05 0.07 0.11 0.10 

, ,
ˆ

CN j tρ  is the correlation coefficient between stock returns for market C (CN) and j (j = HK, KR, JP, EU, US) returns derived from the DCC model; 

The 
. .

log log
H t L t

P P
E E

    −        
 is the log-difference between the high and low P/E market𝑠𝑠. Absolute values of t-statistics are given in parentheses.  

***, **, and *denote statistical significance at the 1%, 5%, and 10% levels, respectively. 2R  is the adjusted 2R . 
 
Table 7. A summary of statistics of dynamic correlations between China and international markets: 5/12/1998-7/31/2015.                    

 CN_PE US_PE EU_PE HK_PE TW_PE JP_PE KO_PE SEA_PE EM_PE 

Mean 24.859 20.429 15.388 14.713 17.974 31.639 14.198 14.487 12.822 

Median 21.900 19.300 14.900 14.200 15.900 27.700 13.300 14.300 12.700 

Maximum 52.700 32.900 26.400 28.800 40.600 85.200 39.400 29.000 19.400 

Minimum 9.500 9.600 6.900 6.400 6.900 12.700 6.900 6.000 7.000 

Std. Dev. 11.755 4.737 3.745 3.951 6.195 16.757 5.136 3.106 2.034 

Skewness 0.500 0.610 0.581 1.002 1.225 1.178 2.153 0.979 0.276 

Kurtosis 2.012 2.695 3.275 4.160 4.236 4.010 8.680 6.278 3.285 

Jarque-Bera 369.96 296.19 267.06 1004.63 1413.22 1230.57 9513.51 2730.28 72.22 

Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sum Sq. Dev. 620,870 100,823 63,030 70,137 172,906 1,261,661 118,524 43,357 18,597 

Observations 4494 4494 4494 4494 4506 4494 4494 4494 4494 
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model regime shifts seems too smooth and fails to reflect ongoing variations in response to shocks. In the em-
pirical literature, [31] demonstrates that changes in the correlation between markets is associated with changes 
in the conditional variance. [32] finds that correlations of asset returns are linked to the implied volatility of 
stocks. [33] further contends that the VIX can capture uncertainty arising from asset fundamentals or shifts in 
investor sentiment.13 In addition, it is generally recognized that stock markets in Asian markets are constantly 
influenced by the uncertainty from the US market; the 2007-2008 financial crisis is a typical example [34] [35]. 
With these thought processes, we shall incorporate the implied volatility of stocks (VIX) and the high-low P/E 
ratio into the LSTM, which is given by: 

( ) ( ),
. .

ˆ , log logij t t tt
H t L t

P PS VIX
E E

ρ α β γ τ φ δ ν    
=  + + − + + 


 

  
                    (11) 

where , ,ˆi j tρ  is the conditional correlation for markets i (China) and j (non-Chinese markets) after applying the 
Fisher transformation, and the VIXt is the implied volatility index from the US market [36]. ( ),tS γ τ  is given 
by Equation (9); other notations are defined as before. The special feature of this specification is that the eco-
nomic variables, such as the P/E ratio difference and the VIX, are incorporated into the LSTM and jointly de-
scribe the dynamic correlation behavior.  

Table 8 reports the regression results of system Equations (11) and (9). The estimated parameters and related 
statistics perform well as shown by the higher values of the adjusted R-squares ranging from 0.21 to 0.81. 
However, there are three points worth noting compared to the estimations in Table 5 and Table 6. First, the 
coefficients of the VIX are positive and statistically significant for all of the markets at the 1% level, except the 
US, which has a negative sign. These results indicate that the cross-market risk effects of non-US investors in 
 
Table 8. Estimates of LSTM of dynamic correlations based on market data: 5/12/1998-7/31/2015.                                  

Markets α  β  γ  τ  φ  δ  Transition 
midpoint ADF statistic 2R  

, ,ˆCN US tρ  0.029*** 
(21.79) 

0.089*** 
(73.96) 

0.015*** 
(10.72) 

0.623*** 
(338.79) 

−0.021*** 
(13.97) 

−0.0013*** 
(20.28) 1/30/2009 −5.70*** 0.67 

, ,ˆCN EU tρ  0.093 
(0.79) 

0.094*** 
(31.33) 

0.279 
(0.46) 

0.344*** 
(804.59) 

−0.001 
(0.77) 

0.001*** 
(6.43) 4/12/2004 −9.54*** 0.21 

, ,ˆCN HK tρ  0.085*** 
(9.15) 

0.320*** 
(38.02) 

0.003*** 
(12.02) 

0.463*** 
(103.38) 

−0.020*** 
(2.67) 

0.003*** 
(14.86) 5/01/2006 −10.02*** 0.61 

, ,ˆCN TW tρ  0.054*** 
(11.82) 

0.155*** 
(37.51) 

0.004*** 
(10.24) 

0.457*** 
(81.32) 

−0.086*** 
(23.28) 

0.003*** 
(16.77) 8/10/2006 −7.07*** 0.60 

,ˆCNJP tρ  0.028*** 
(6.24) 

0.072*** 
(28.08) 

0.198 
(0.99) 

0.345*** 
(265.09) 

−0.019*** 
(4.94) 

0.004*** 
(27.50) 4/19/2004 −13.13*** 0.25 

, ,,ˆCN KO tρ  −0.026*** 
(4.04) 

0.202*** 
(36.18) 

0.004*** 
(11.61) 

0.361*** 
(56.37) 

0.004 
(1.05) 

0.005*** 
(22.90) 7/27/2004 −9.72*** 0.81 

, ,ˆCN SEA tρ  0.050*** 
(29.37) 

0.078*** 
(59.12) 

0.031*** 
(10.61) 

0.411*** 
(106.32 

−0.053*** 
(36.87) 

0.007*** 
(100.64) 6/07/2005 −15.04*** 0.78 

, ,ˆCN EM tρ  0.153*** 
(35.98) 

0.095*** 
(23.31) 

0.016*** 
(4.06) 

0.512*** 
(112.42) 

−0.037*** 
(8.63) 

0.003*** 
(15.57) 3/05/2007 −10.80*** 0.30 

a. This table presents the estimates of the logistic smooth transition regression model for the conditional correlation time series 
,

ˆ
ij tρ  after applying 

the Fisher transformation. The model is given by ( ),
. ,

ˆ , log logij t t t t
H t L t

P PS VIX
E E

ρ α β γ τ φ δ ν    
=  + + − + + 


 

  
 (11).  

( ) ( )( )( ) 1

, 1 exp , 0,t t TS γ τ τγ τ
−

= − >+ −  (10), where the 
. .

log log
H t L t

P P
E E

    −        
 is the log-difference between the high and low P/E markets 

Absolute values oft-statistics are given in parentheses. b. ***, **, and *denote statistical significance at the 1%, 5%, and 10% levels, respectively. 2R  
is the adjusted 2R . 

 

 

13[37] observes that the Chicago Board Options Exchange (CBOE) volatility index (VIX) spikes during periods of market turmoil, reflecting 
market conditions: if expected market volatility increases (decreases), stock prices fall (rise), and investors require a higher (lower) rate of 
return to compensate for risk taking. 
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response to the VIX tend to move in the same direction, although the magnitude of the different markets may 
vary slightly. However, the reaction of US investors relative to Chinese investors in response to the VIX is quite 
different owing to different attitudes and/or sentiments toward risk. Second, the evidence suggests that the esti-
mated values of τ decline as the VIX is included in the test equation; now the values of τ range from 0.344 (Eu-
rope) to 0.623 (US), corresponding to the time period 4/12/2004-1/30/2009. This reflects the impact of the world 
financial crisis on the structural shift for each market, since the magnitude of the VIX is much greater during the 
crisis period. Purely relying on the LSTM without considering the VIX can lead to misspecification of the dy-
namic correlation function. Third, as shown in Figure 3(c)-Figure 10(c) and compared to the similar set of 
Figure 3(b)-Figure 10(b), including the VIX in the model helps to explain the variations as compared to the 
pure LSTM specification, indicating that the LSTM is too smooth to capture the reality of conditional correla-
tion variations.14 

7. Summary and Conclusions 
This paper investigates the dynamic correlations between Chinese stock returns and those of six major and geo-
graphically close Asian partners—Hong Kong, Taiwan, South Korea, Japan, Southeastern Asia, and emerging 
markets plus two advanced markets—the US and Europe; the latter two markets are more geographically sepa-
rated and have fewer traditional cultural ties. We derive several important empirical conclusions. First, empirical 
estimations based on an asymmetric dynamic correlation coefficient model (ADCC) indicate that all correlations 
are time-varying. Second, the dynamic correlations display a level shift or smooth transitional upward changes 
over time. The evidence confirms a structural change right after China’s adoption of a higher degree of financial 
liberalization, such as China’s admission to the WTO at the end of 2001 and the implementation of the QFII 
scheme beginning in 2003. However, the majority of the structural shifts were significantly influenced by the 
global financial crisis during the period 2007-2008.  

Third, although China and Hong Kong have a stronger linkage,15 we also find that there are similar linkages 
within the Asian region. This finding is consistent with the geographic gravity hypothesis. However, the linkag-
es of the Chinese stock market with the US and European markets are less significant. As a result, holding port-
folios consisting of a combination of Chinese-US stocks or Chinese-European stocks helps to achieve interna-
tional portfolio diversification.  

Fourth, we also examine underlying factors that might explain the dynamic correlation coefficient of stock 
returns. The testing result suggests that the relative P/E ratios are significant. This finding suggests that the de-
coupling of stock returns in the two markets is associated with greater market uncertainty, as reflected in the di-
vergence of the P/E ratios of the two markets. The evidence also suggests that the risk from the US market, as 
proxied by VIX from the US market, plays a significant role in explaining the dynamic correlation function. 
Thus, not incorporating the VIX into the smooth transitional model tends to generate biased estimates of the dy-
namic path. 
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Appendix 1. Chinese Interest Rate Policy on Dynamic Conditional Correlations 
It is generally recognized that the Chinese stock markets are highly influenced by government policies. To this 
end, we consider the tightness of the monetary policy implemented by the People’s Bank of China, the central 
bank of China.16 We divide the monetary policy data into two categories: easy monetary policy and tight mone-
tary policy. Using an indicator variable, we set the indicator variable to be unity for the policy change, otherwise, 
zero. By so doing, we rewrite Equation (10) as:   

, , 0 1 2 , 3 ,
. ,

ˆ log logi j t U t D t t
CN t i t

P P I I
E E

ρ φ φ φ φ ε   = + − + + + 
 
 



 


  

                  (A1) 

where ,U tI  is an indicator for rate up (tight monetary policy), and ,U tI  for rate down (easy monetary policy), 
and other variables are defined in the same way as before. The estimated results are reported in Table A. The 
evidence suggests that the relative P/E continues to have a similar qualitative effect and exhibits statistical signi-
ficance. With respect to the effect of monetary policy, we find that tight monetary policy ( ,U tI ) more consis-
tently influences the dynamic correlation. The evidence shows that all of the coefficients have positive signs and 
are statistically significant for six out of eight markers; the EU and JP are less significant. However, these two 
markets turn out to be more significant in the easy monetary policy regime ( ,D tI ) in China. Among different 
markets, only the Hong Kong market displays sensitivity and a positive sign, and is significant under both tight 
and easy monetary policy. This can also be because Hong Kong has much closer ties to the Chinese market, es-
pecially in the period after the establishment of the Shanghai-Hong Kong stock connect on November 17, 2014 
(see [37]). 

 
Table A. Estimates of the conditional correlation of stock returns based on the relative log(P/E) and easiness of monetary 
policy.                                                                                                            

Markets , ,ˆCN US tρ  , ,ˆCN EU tρ  , ,ˆCN HK tρ  , ,ˆCN TW tρ  ,ˆCNJP tρ  , ,,ˆCN KO tρ  , ,ˆCN SEA tρ  , ,ˆCN EM tρ  

C 0.043*** 
(19.65) 

0.109*** 
(21.34) 

0.399*** 
(103.98) 

0.207*** 
(46.39) 

0.167*** 
(106.19) 

0.23*** 
(33.31) 

0.256*** 
(44.89) 

0.287*** 
(39.14) 

Log(PECN,t/PEi,t) 
−0.052*** 
(12.14) 

−0.092*** 
(6.82) 

−0.175*** 
(26.47) 

−0.145*** 
(14.90) 

0.060*** 
(15.22) 

−0.032*** 
(7.92) 

−0.003*** 
(9.05) 

−0.086*** 
(8.89) 

,U tI  0.069*** 
(4.68) 0.042 (1.29) 0.163*** 

(4.54) 
0.123*** 
(5.354) 

0.001 
(0.05) 

0.092** 
(2.58) 

0.044* 
(1.69) 

0.081*** 
(3.53) 

,D tI  −0.014 
(1.57) 

0.026*** 
(54.67) 

0.152*** 
(3.35) 

0.043 
(1.39) 

0.073*** 
(2.71) 

0.060 
(1.41) 

0.013 
(0.31) 

0.049 
(1.12) 

2R  0.17 0.07 0.14 0.30 0.05 0.09 0.11 0.11 

a. 
, ,

ˆ
CN j tρ  is the conditional correlations for China market and j (international) market. the 

. .

log log
H t L t

P P
E E

    −    
    

 is the relative P/E ratio be-

tween high and  low market in a log-form. Absolute values of t-statistics are given in parentheses where 
,U tI  is an indicator for rate up (tight mone-

tary policy), and 
,U tI  for rate down (easy monetary policy). ***, **, and *denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

2R  is the adjusted 2R . 
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