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ABSTRACT 
 

The purpose of this study is to investigate the relationship between Chinese stock markets 

and overseas stock markets at the background of financial crisis for investors and 

researchers.  

 

For covering most important stock markets in the world, we select 1630 groups of 3 daily 

closing price indices. Each group of data is derived from three leading areas of stock 

markets in the world. STOXX Europe 600 represents European stock markets which 

across 18 countries of European region including Austria, Belgium, Denmark, Finland, 

France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, 

Portugal, Spain, Sweden, Switzerland and the United Kingdom. CSI 800 represents 

Shanghai and Shenzhen stock markets of mainland China. S&P 500 represents U.S. 

stock markets. 

 

The time span of this study is from January 15, 2007 to April 15, 2013, which focuses on 

the whole period of Global Financial Crises 2007- 2012. We divide this period into two 

phases according to the beginning of European sovereign-debt crisis. The first phase is 

about the Global Financial Crisis of 2007 to 2008 and part of the Great Recession after 

that until May of 2010. The second phase is post- Global Financial Crisis and European 

sovereign-debt crisis. Using the sample data, we test the co-integration relationship 

among Chinese, European, and U.S. stock markets by ADF test, Johansen test, VAR 

model, ECM and Granger causality test. 

 

Our empirical findings indicate that there is no co-integration relationship among Chinese, 

European and U.S. stock markets from January 15, 2007 to May 7, 2010. However, 

evidence shows that after the bursting of European sovereign-debt crisis, from May 9, 

2007 to April 15, 2013 there is one co-integration relationship among Chinese, European 

and U.S. stock markets. Chinese stock markets get more influence from European stock 

markets than from U.S. stock markets. The results of Granger causality test shows that 

both European and U.S. stock markets are the Granger cause of Chinese stock markets. 

 

Key words:  

Financial globalization, financial crisis, Chinese stock markets, European stock markets, 

U.S. stock markets, efficient market hypothesis, co-integration, ADF test, Johansen test, 

VAR model and Granger causality test.  
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Chapter 1: Introduction 

 1.1 Problem Background 

 

From the latest centuries, people started to draw extra attention on managing the 

investment during the financial crisis. From the Wall Street Crash of 1929 to Japanese 

property bubble collapsed of the 1980s, from Asian Financial Crises of 1997 to Global 

Financial Crisis, there is a fact that the diffusion of financial crises gradually upgrades 

with the development of the financial globalization. 

 

Financial crisis are associated with bursting of financial bubbles, sovereign defaults, 

currency crises, banking panics and stock market crashes. (Kindleberger and Aliber, 2005) 

Stock crashes are one of the most important phenomena of financial crisis. A stock market 

crash is often associated with a sudden sharp decline of stock prices across the whole 

stock market, leading to a huge loss of paper wealth. The common driven factors of stock 

crashes are some related economic factors as well as panic. It is a social phenomenon that 

occurs under three conditions which are that stock prices keep rising for a long time with 

excessive economic optimism, that value of P/E ratios is more than long-term averages in 

one market, and that market participants overuse margin debt and leverage. (Galbraith, 

1988) 

 

Obstfeld (1996) stated that financial crises can be viewed as a vicious circle where 

investors will avoid institution or assets and they also think the others will do the same. It 

is called self-fulfilling prophecies. (Cooper and John, 1988) That is to say, financial crisis 

can be triggered by people’s self-fulfillment. People think the crisis will spread world 

widely. Financial crises have recessionary effect on the other economies. A recession is 

defined as a two or more quarters’ negative GDP growth lasting. Many recessions are 

caused by financial crises. Many economists predicted that the great recession after 

Global Financial Crisis would be the biggest recession after the Great Depression 1930s.  

 

The Global Financial Crisis is also identified as the Financial Crisis of 2007 to 2008. It is 

regarded as the worst financial crisis since 1930s. World widely, it threatens many 

financial institutions, bailout of banks from governments and equity markets. The Global 

Financial Crisis is caused by the bursting of the U.S. housing bubble in 2006. At that time, 

US policies encouraged home ownership that makes it easier to access to loans for 

subprime borrowers and over valuated the bundles sub-prime mortgages. The sub-prime 

loan losses in 2007 began the crisis and the loan losses mounting broke out on the 

inter-bank loan market. The global stock markets were impacted by declines in credit 
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availability bank solvency and investors’ damaged confidence during 2008 to 2009. The 

global economy slowed down during this period because of tightened credit and declined 

international trade. (International Monetary Fund, 2009) U.S. government responded 

with American Recovery and Reinvestment Act of 2009. UK took the austerity measures 

of taxes increases and spending cuts with no export growth. The responds of other 

countries and central banks include monetary policy expansion, institutional bailouts and 

unprecedented fiscal stimulus.  

 

International Monetary Fund in 2010 suggested that this financial crisis would only end 

when there is a great decrease in unemployment. (New York Times, 2010) As a result of 

the financial Crisis 2007 to 2008, a series of downturns such as the failure of key business, 

trillions of U.S. dollars of consumer wealth decline and economic activity decreases and 

plays a significant role in the 2008-2012 global recession and European sovereign-debt 

crisis. (Williams, 2012) 

 

The Great Recession, also known as global recession of 2009, started in December, 2007, 

dramatically turned down in September, 2008 and ended in June, 2009. (Drum, 2009) On 

August 7, 2007, BNP Paribas stopped withdrawing from three hedges funds, which is the 

start of the active phase of the ongoing crisis, “liquidity crisis”. The U.S. subprime 

mortgage crisis and financial crisis of 2007 to 2008 are the outbreaks of this recession. 

The world economy has been affected by the global recession. (That shows in figure 

below) 

 

Figure1: World map showing GDP real growth rates for 2009. 

Description: Countries in brown were in recession 

Source: Dwrcan, 2011 
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The Global Financial Crisis of 2007 – 2012 includes the Financial Crisis 2007-2008 , the 

Great Recession, and the European sovereign debt crisis which is also referred to as the 

Eurozone crisis. The Eurozone crisis made the consequence of the Global Financial Crisis 

become plain and severe. Causes of the crisis are varied by complex factors. The financial 

globalization is one vital reason of Eurozone crisis. Within 2002 to 2008, easy credit 

conditions heartened high-risk lending and borrowing practices. The global financial 

crisis and recession until now, real-estate bubbles that burst, international trade 

imbalances, the relevant fiscal policy choices of government revenues, the approaches 

used by nations to solve troubled banking industries and private bondholders contributed 

to this crisis. 

 

With the financial globalization and China’s entry to WTO, Chinese economy becomes 

more and more significant in the world. Since the enforcement of the Reform and 

Opening-up Policy in 1978, China adopted some aspects of capitalist economic system. 

Foreign trade was regarded as a main vehicle for economic growth. The combination of 

central planning with market-oriented reforms pulls the productivity and technological 

quality to a great extent since then. (Elisabeth, 1985, p2-5) From 1990 to 2000, Chinese 

economy continuously grew at about 9.5% with a peak at 20% in 1994. 1997 Asian 

Financial Crisis mainly affected Chinese foreign direct investment. However, China was 

able to remain insulated from the regional crisis due to its huge reserves. Chinese 

economy grew at an average pace of 10% per year during over 30 years which was the 

highest growth rate in the world. China's GDP increased 12.7% in 2006, 14.2%, in 2007, 

and even 9.6% in 2008 in spite of Global Financial Crisis and the attempts by the 

government to cool the economy (see figure1). China's total foreign trade in 2012 was 

over US$3.87 trillion, which enabled China becomes the world's second-largest trading 

nation after the U.S. and the first in total export volume and second large in total import 

volume. (China’s Ministry of Commerce, 2013) 

 

As an economy with a rapid growth and experiencing large volatility of its equity markets, 

China attracts a great amount of worldwide attention. Chinese stock markets contribute a 

lot to its economy and are taking more and more portion in the world’s equity markets. 

There are two major equity exchanges in mainland China which are the Shanghai Stock 

Exchange (SHSE), established on 19 December 1990, and the Shenzhen Stock Exchange 

(SHSZ), established on 3 April 1991. One of Chinese mainland markets, shanghai Stock 

Exchange, becomes the fifth biggest stock market in the world, following America, the 

United Kingdom and Japan. The number of stocks had increased from 13 in 1990 to 1434 

in 2006 with an growth of market capitalization from $1.3 billion to more than $1000 

billion during this period. (Lehkonen, 2010) On April 16, 2010, Shanghai-Shenzhen 300 

(CSI 300) was released, which means that China’s equity market started with 

short-position trading, ending over 20-year history of long-position trading. (Ding, Zeng 

& Guo, 2011). Chinese mainland stock markets include two types of shares: A shares and 

B shares. They launched in either Shanghai or Shenzhen stock exchange in the early 
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1990s. “A shares”, refers to domestic shares, only Chinese citizens can trade, whilst “B 

shares” is for foreign investors only. Since 2003 A share markets opens to foreign 

institutional investors as well. Standing the shoes of investors and speculators who have 

the desire to create and manage international portfolios The Chinese stock markets will be 

the great opportunity to involve diversification. 

1.2 Research Gap 

Kasibhatla, Stewart, Sen, and Malindretos (2006) state that portfolio managers, investors 

and policy maker understand that the stochastic trends in main stock markets are 

important when they price derivatives and hedge portfolio risks. They mention that 

diversifying international portfolio requires the information about the relationship of 

multi-national stock indices and returns of asset. In 1952, Markowitz illustrated the 

benefits of diversification in statistical way. Grubel (1968) extend this conclusion from 

domestic portfolios to international portfolios. Studies after Grubel, for instance, Grauer 

and Hakansson (1987), Agmon (1972), and Levy and Sarnat (1970) insistently hold that 

international diversification can reach more returns or lower variance on sole national 

portfolios diversification. 

 

On the subject of connection the stochastic trends between the different countries or areas. 

Through the thorough literature review, we found the North American and European 

stock markets though the long period of development, they are comparatively efficient 

market and have increasable connection from each other.  The same trend happens to 

some developed economies in Asian markets like Japan, Korea and etc.  However, when 

the study is consistent of mainland China, the conclusion is always negative. For example, 

Groenewold, Tang and Wu (2004) indicated that Hong Kong and Taiwan have strong 

contemporaneous relationships while Mainland markets are quite isolated from the other 

two.  (The more and specific descriptions see the literature review chapter.)  This 

phenomenon implies that the politics, cultures and the level of economic development 

conditions are dissimilar in different economies in the world.  As mainland China is 

developing increasingly with the financial globalization, the investment environment of 

Mainland China obviously needs more researches. 

 

Through the literature review, we found an impressive phenomenon. After the world went 

through the crash, there are usually more connections among the major markets. For 

instance, Malliaris and Urrutia (1992, p353) explored the relationships among some 

major equity markets in the world before and after 1987 October Crash and indicated that 

there was no significant correlation before crash but drastically increased during the crash 

and finally dramatically decreased after crash. Lee and Jeon (1992, p1) found that there 

were common stochastic trends among major stock markets in the world after crash. 

 

Evidence was provided to indicate that the co-movement patterns of world’s stock 
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markets significantly changed after 1997 Asian Financial Crisis showing a decrease of 

the benefits for global investors with the decrease of emerging stock markets. (Meric, 

Leal, Ratner and Merric, 2001; p177; Yang, Kolari and Min, 2003, p477) Meric, Kim, S., 

Kim, J. H and Meric (2008, p47) Majid, Meera and Omar (2008) found that ASEAN 

stock markets are going more integrated among themselves and with U.S and Japanese 

markets after 1997 Asian Financial Crisis and implied that investors can obtain 

decreasingly benefits from long-run diversification across the ASEAN stock markets.  

 

Through the extensive research review, we find that there is a needs for the research about 

the relationship between Chinese and overseas stock markets at the background of recent 

financial crisis. Our research would prove the worth for both investors and researchers 

1.3 Significance of the Research 

 

The world equity market launched from the 16
th

 century, but the history of Chinese 

mainland stock markets presently wrote since the 1990s. With the improvement of P.R 

China's overall national strength, P.R China becomes an essential part in the world 

economy. There is a giant demand of researching the huge distance between Chinese 

mainland equity markets and the other developed stock markets, regardless of the market 

rules and development of regulators. 

 

Most of the studies about Chinese stock markets started their time span with 1990s which 

is quite early. From 1990s until now, great changes happened to Chinese stock markets 

such as opening policies from Chinese government and impacts from several times of 

financial crises. Concerning the increasing financial globalization, the ongoing global 

recession and European sovereign crisis, our time span covers a comparatively shorter 

period and concentrates on examining the relationship between Chinese stock markets 

and the rest of the world at the background of real time ongoing crises. It means that our 

research is more specific and is bounded in time. 

 

Our study helps investors to understand the trend of Chinese stock markets, adjust their 

investment portfolio, short-term arbitrage and reduce risk exposure. It is of great help for 

the management level as well to find out the difference and relationship between Chinese 

and overseas stock markets and to further improve the quality of domestic capital 

markets. 

 

1.4 Research Discussion 

To reach the motivation of the study our initial idea of research questions were: “How 
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Chinese and European stock markets are related in long term and short term?” and “How 

Chinese and U.S. stock markets are related in long term and short term?” Since the 

financial crises and globalization, the world of economy is to some extent connected. 

We have to consider the connections between European and U.S. stock markets. 

Therefore, our study will actually investigate the relationship among Chinese, European 

and U.S. stock markets and focus on how Chinese stock markets get impact from 

European and U.S. stock markets. Therefore, we decide not to separately investigate 

relationships between Chinese and European stock markets or between Chinese and U.S 

stock markets.  

 

In addition, we would like to explore not only long-run relationship but also short-run 

deviations among Chinese, European and U.S. stock markets. First, we will investigate 

whether there is a long term equilibrium relationship. If there is, we will further explore 

short-run movement and adjustment among these three areas of stock markets to present 

the readers a visual picture of the short-run performance in the financial crises. 

Short-run continuous deviation and adjustment cannot be exactly described by the word 

“relationship”. Hence, we would not use the words whether there is a “relationship” or 

what is the “relationship” in our research question. Therefore, we use the phrase “how 

relate” in our research question for this quantitative research to show our rigorous 

attitude towards this research. 

1.5 Research Questions and Research Objectives 

From these considerations, we are determined to raise the following research question. 

 

Research question: 

 

At the background of financial crises, 

How Chinese stock markets are related to European and U.S. stock markets? 

 

We plan to achieve the research question utilizing the indices during January 15, 2007 to 

April 15, 2013 as the sample data based on some significant financial events in these 

years like subprime mortgage crisis and proceed ADF unit root test, Johansen 

co-integration test, VAR and ECM, to explore the existence of co-integration relations 

and then by means of Granger Causality Tests, to check out causal relationships among 

the three areas of stock markets. 

 

The main objective of this study is to ascertain the impact of overseas stock markets on 

Chinese stock markets. We attempt to contribute to previous literatures by exploring if 

there is a long-term equilibrium relationship among Chinese, European and US stock 

markets. It assumes that results should be the fluctuation of these two areas of stock 

markets all can affect Chinese stock markets. Then we would find out whether these three 
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areas of stock markets have notable influences to each other. If it is approved, we will 

emphasize examining extent of the impact on Chinese mainland stock markets and 

explore the short-term deviations. If it is rejected, according to the results from the 

analysis and relevant research resources, we will analyze and draw conclusions and 

suggestions that can tell the investors whether Chinese stock market is a good 

environment for investment. Hopefully, the research will help investors and speculators 

to explore the trend of the relations between mainland Chinese markets and other world 

economies, to rationally adjust portfolios and to diminish the risks of investment. 
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1.6 Outline of the Research 

 

Figure 2: Disposition of the study

Chapter 7 Conclusion 

We draw our conclusion and discuss the important findings in this chapter. Contribution, 
limitation, suggestions for further study, credibility of this researchwill also be put forward 

Chapter 6 Empirical Findings and Analysis 

In this chapter we present statistical analysis to exam our hypotheses and give the summary 
of empirical findings. 

Chapter 5 Practical Methodology 

This chapter gives the sampling, hypotheses and the statistical models utilized to analyze 
the data. 

Chapter 4 Theoretical Framework 

This chapter is associated with all the relevant theories which affected our topic or is 
affected by our topic.  

Chapter 3 Literature Review of World Stock Market Connections 

All the literatures are drived by offering the  connectional  map of world stock markets and 
preparing the methods of  data analysis and the hypothesis set.  

Chapter2 Research Methodology 

This chapter includes chocie of topic, literature sauce search and criticism, Philosophy of 
research, research approach, research strategies and research design.  

Chapter 1 Introduction  

This chapter provides the problem background, research gap, significant of study, research 
discussion and research questions and objectives. 
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Chapter 2: Research Methodology 
 

The methodology of research is not only a simple tool but also links to the versions of 

different scientific areas and the relation between dissimilar viewpoints of the nature of 

reality and how the reality should be examined (Bryman & Bell, 2011, p. 4, Ryan, 

Scapens & Theobald, 2002, p. 7) This chapter begins with presenting our choice of 

topic, then we bring up the literature source searching and criticism and the philosophy 

of research which contains epistemology, ontology and axiology. Furthermore, we 

explain the choice of deduction as the research approach. Also, we elaborate the 

archival research strategy and quantitative research design. In general, we will follow 

the research onion.  

 

Figure 3: The research onion 

Source: © Mark Saunders, Philip Lewis and Adrian Thornhill 2008 

 

2.1 Choice of Topic 

In the initial stages of generating topic, through the courses we had; articles, reports and 

books we have been read; the media we have been cared we found two inevitable issues, 
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financial globalization and financial crisis. Almost everything we live with cannot be 

disparate from financial globalization and financial crisis. Another main interest of us is 

about our homeland China, one of the fastest growing economies in the world. We 

refined our research ideas by briefing these three pieces of information. 

 

Previously written in chapter 1, there is a thought-provoking phenomenon caught our 

attention. In the Global Financial Crisis, China keeps more than 10% real GDP growth 

rate, none of the rest countries can compare with that. However, this phenomenon 

converses the principle impaction of the globalized financial system that influences 

increasing GDP/ TFP growth and reducing consumption volatility. Combining our 

interest in the field of study of investment, we would like to help speculators, investors, 

and policy makers to understand the stochastic trends in main equity markets when they 

price derivatives and hedge portfolio risks. In addition, diversifying international 

portfolio requires the information about the relationship of multi-national stock indices, 

especially during financial crisis. 

 

After searching and checking the relevant literature, we have found that there is a large 

amount of researches about the co-integration of the stock markets. Due to our topic 

that is hungering more for the specific time span, events and areas, we could not find 

any studies about this specific topic though, they still brought us a number of ideas 

about the analysis methods and models that we can stand on. Thus, we refined our 

fascinating topic. 

2.2 Literature Source Searching and Criticism 

 

Saunders et al. (2007, p. 64-65) stated that “primary literature sources are the first 

occurrence of a piece of work” and “secondary literature sources such as books and 

journals are the subsequent publication of primary literature.” We do not use primary 

literature sources such as reports, unpublished manuscripts, theses and etc. since the 

quality of primary literature sources has some uncertain factors. For pursuing to keep 

high quality for our thesis, all of the secondary literature sources referred in our 

research are of good quality and authorized by certain criteria.  

 

We use secondary data from DataStream since it is available in Umeå University 

Library and it fits our requirements on high reliability of our research. First, it 

provides a huge range of global financial data. The daily price indices are available 

for at least 5 years time span for the major global stock markets from 1973. Second, it 

is even possible to calculate market indices on our own since stock samples for each 

market cover a minimum of 75-80% of total market capitalization. (Thomson Reuters 

Datastrem, 2008, p. 1) Third, it is of high reliability and used by quite a lot financial 

researchers.  
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Books we refer in this research are mainly from eligible presses, for instance, Pearson, 

Prentice Hall, Oxford University, Harvard University, The McGraw-Hill, Sage and 

etc. We believe that the books from those eligible presses have their own strict criteria 

and are proved great reputation by loads of readers and researchers. The detailed and 

thorough concepts and theories from those books enhance the solidity in our research.  

In this study, to ensure the quality of our theoretical framework and literature reviews, 

we endeavor making certain to search literatures thoroughly, efficiently and deeply. 

We follow 3 steps approach using different techniques of literature search: scan, skim 

and understand recommended by Jesson, Matheson and Lacey (2011, p. 49) combined 

with the method from Saunders, Lewis and Thornhill. (2011, p. 82) Specifically, our 

literatures are gathered through the qualified databases of Business Source Premium 

(EBSCO), Emerald Fulltext and EconLit (EBSCO), Academic Search Elite (EBSCO), 

SCIRUS (Elseviser) as well as Google Scholar Search Engine at Umeå University 

Library. All of the articles referred in our literature review chapters are peer reviewed 

scientific articles.  

 

Firstly, to obtain more relevant sources we made a quick first reading to scan as many 

as peer-reviewed articles in finance, through which process we drew our own existing 

financial knowledge and decided that generally we would like to focus on the studies of 

relationships among global stock markets because the preliminary search can help us 

generate our research ideas (Saunders, Lewis and Thornhill, 2009, p.59). Thus, we 

collected a large amount of articles that are related to this field using the key words of 

stock markets, equity markets, stock index and relationship. 

 

By checking whether they are still relevant to our research, we narrow down 198 

articles we found and ensure that the filtered articles are related to our specified idea, 

that is, the relationship between Chinese stock markets and other international stock 

markets. Meanwhile, we added more key words such as China, interdependence, 

volatility spillover, transmition and etc. to search more articles. So far, our searching 

key words are clearly identified: stock markets, equity markets, stock index, 

relationship, China, interdependence, volatility spillover and transmition. Therefore, 

59 articles are searched according to these key words and they are also scanned on the 

first reading before we do the second reading. 

  

To guarantee that the references are required by strict criteria of reliability, by reading 

for the third time we made precise details for every article. As Jesson, Matheson and 

Lacey (2011, p. 50) suggested, we did not just look for the facts but also search for the 

interpretation in those articles including author’s position and stance, their literature, 

the involved models for analysis, the methodology part, conclusions and limitations of 

their researches.  
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2.3 The Philosophy of Research 

Saunders, Lewis and Thornhill (2011, p. 108) contend that research philosophy we 

adopted closely attaches important assumptions about the way in which we view the 

world and those assumptions will strengthen our research strategy and the methods we 

choose as part of the strategy. Our research philosophy will be discussed from three 

perspectives: epistemology, ontology and axiology. 

2.3.1 Epistemological Assumption 

 

The core question of epistemology is to make a decision how we can acquire 

knowledge (Bryman & Bell, 2011, p. 15; Ryan et al., 2002, p. 11; Saunders et al., 2011, 

p.112). The reason for making epistemological assumption is to assist authors to 

recognize which knowledge is possible to utilize and what criteria are legitimate and 

valid for choosing knowledge. Blaikie (2010, p. 81) proposed that there are six forms of 

epistemological assumptions in general: empiricism, rationalism, falsificationism, 

neo-realism, construtionism, and conventionalism. Hence, for finding out what 

constitute the acceptable knowledge in our study, a financial research in business study, 

we prefer to specifically examine our epistemology through three main essential 

philosophical positions in business study: positivism, realism and interpretivism 

(Bryman & Bell, 2011, p. 15; Saunders et al., 2011, p. 112). 

 

Positivism, the position invariably stands the philosophy and procedures of natural 

sciences (Bryman & Bell, 2011, p.15; Saunders et. al., 2011, p.113).  

 

Realism in research concerns whether the objects exist independently of the mind of 

human. There are two major types of the realism, direct realism and critical realism. 

Bryman and Bell’s book (2011, p. 17) we therefore did not choose either direct realism 

or critical realism. The index of equity markets is not merely mind- independent reality, 

which cannot suit for either simple direct realist asserts that the things you see is the 

things you get or Dobson (2001) stated that critical realists believe that the knowledge 

about reality is a result of social situations and cannot comprehend the social actor 

independent from the process of knowledge derivation.  

 

Interpretivism, apparently is contrasting positivism in epistemogical position. By 

comparison with law- like generalizations, Saunders et al (2011, p. 116) argue that 

interpretivism advocates that researchers ought to ‘understand differences between 

humans as social actors’. We do not consider that interpretivism is appropriate because 

it may often be equated with qualitative research methods, whereas positivist research 

is more quantitative (Gerber, John, Macionis and Linda, 2011, p. 32). Meanwhile, 

interpretivism particularly suits in certain circumstances and individuals gather at a 

specific time like management research which requires researchers to grab the 

subjective meaning of human behavior, while our research is a financial research which 
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needs analyzing variation trend of the indices from the data survey and striving to 

understand the connection between Chinese stock market and overseas stock markets. 

 

On the basis of these three epistemological positions in business study and the purposes 

of this study, we decided that the way for acquiring knowledge in our thesis is 

positivism. Specifically, representing the performance of the national stock market and 

even reflecting investor sentiment on the statement of the economy, the indices cannot 

be changed by the perception of investors’ expectation or wish. Therefore, our research 

is assumed by following positivist philosophy that has been particularly influenced in 

the recent development of the disciplines of finance (Ryan et al., 2002, p. 13), which is 

only based on the phenomena of indices variation, and to generate our research we 

collect the indices data using the existing theories to develop the hypotheses we set. 

This assumption is completely fitting Remenyi ,Williamson, Money and Swartz's book 

Doing Research in Business and Management(1998, p. 32) they describe that 

positivists prefer observing social reality and in the end researches can be legitimated as 

generalizations as well as the studies created by physicist and natural scientists.   

(Saunders et al., 2011, p.114- 115, Bryman and Bell,2011, p. 17). 

 

2.3.2 Ontological Assumption 

 

Ontology is concerned with the nature of social reality. The ontological assumption 

concentrates on whether the social phenomena can or are supposed to be considered as 

objective entities, the states of their existence, and the ways they are related. (Blaikie, 

2010, p. 92; Bryman and Bell, 2011, p.20; Saunders, 2009, p. 110) Blaikie (2010, p. 92- 

93) and Ryan et al. (2002, p. 36) proposed that there are six types of ontological 

assumptions: naïve realism, transcendental realism, contextual realism, transcendental 

idealism, social constructionism and idealism. As authors of this finance research we 

refer three familiar aspects of ontology among business researches: objectivism, 

subjectivism and constructionism. 

 

Objectivism represents that the social entity in external facts is separate from social 

actors. It is frequently adopted by the study which discusses specific organization in 

management area. This type of organization should have rules, regulation, standardized 

procedure and labor hierarchy. At this point, the objectivist assumes that the 

management structure should be similar to all organizations. Subjectivism concerns 

that the social entities are with continual modification through the procedure of social 

interaction. Constructionism implies that social phenomena and their meanings are 

constantly revising and also created through social interaction. Referring to these two 

terminologies, the difference between them is that subjectivism is produced by 

conscious while constructionism is created by social phenomena. (Bryman and Bell, 

2011, p. 20-23, Saunders, 2009, p. 110). 
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By deliberation of assumptions development for the way the world operates, 

objectivism becomes the ontological position of this essay. Firstly, as a consequence of 

our study entities that are stock markets that are networks of economic transactions, we 

reject subjectivism by their entities are produced by the perceptions and consequent 

social actions. We also cannot adopt constructionism because this suggests that social 

actors have accomplished the social phenomena and their categories. However, these 

public entities aim at trading company shares and they put pressure on investors and 

staff who work in investing agency in that stock markets conform to the requirements 

of the organization. Secondly, the stock markets exist in reality independently from the 

employees in investing institutions and investors as we debated in epistemology, which 

corresponds with the conceptions of objectivism that organizations are external to 

social actors. Thirdly, the ways in which stock markets operate are similar to each other 

all over the world, which matches with the view of objectivist that the objective entity 

should be similar in all organizations. (Bryman and Bell, 2011, p. 20-23, Saunders, 

2009, p. 110). 

 

2.3.3 Axiology 

 

Axiology, known as the science of value, is the personal values relate to the topic 

researchers working with. It plays an essential role in all stages of the research, in which 

heron (1996) discussed in Co-operative inquiry: Research into the Human condition, 

the value of people guide all human action. 

 

Our axiology is affected by our knowledge, experiences and personal values. In the 

stage of choosing topic and research questions, our knowledge of finance, mathematics 

and statistics on the ground and the advanced level provide us foundation for arousing 

our general interest for the finance field. As two Chinese students who are studying in a 

foreign country, it motivated us to see how our homeland emerges in the financial 

globalization.  

 

However, in our research, by cause of our result of study that will be independent of the 

data and maintain in objective position, it means our study will not impact on our 

subjective opinions by world views, cultural experiences and our upbringing. (Saunders 

et al., 2009, p. 117-119) 
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2.4 Research Approach 

Research approach stands for how the researcher uses the theory in the study. There are 

three different approaches: deduction, induction and abduction. 

 

From the 20
th

 century, deduction characterizes the predominant view of the relationship 

between theory and social research in natural science. The researcher based on the 

understanding of knowledge and theory accumulation deduces the hypothesis and then 

translates the hypothesis into researchable entities. (Bryman, 2012, p. 24) In here, 

theory implies the foundation of the explanation, and permits the anticipation of 

occurrence, then predicts their phenomenon and thereby allows them to be charged. 

(Saunders et al., 2012, p. 145).  

 

Induction is the opposite side of deduction. Adams et al. (2007, p. 29) outlined this 

approach and draws theoretical conclusions through empirical observation of a 

numerical specific phenomenon. Saunders et al. (2012, p. 146-147) stated that the 

general purpose of inductive approach, build theory, aims to better understand the 

character of the problem. For instance, within a new topic of research it often exist little 

literature and it is necessary to a great extent debate with a small sample of qualitative 

data, perhaps the research might benefit more from induction than deduction. 

 

Not only two methodological approaches stay alive in the world, there are many 

researchers pursue their research can be more ‘complementary’ then they select 

combining research approaches, abduction as we know. Saunders et al (2012, p. 145) 

summarized that “abduction is collecting data to explore a phenomenon , identify 

themes and explain patterns , to generate a new or modify an existing theory which you 

subsequently test through additional data collection.” 

 

Building on the understanding of these three forms of research approaches and 

selecting our philosophical approach as positivism, the stand of natural science, we 

chose to use deductive approach for searching a casual relationship between Chinese 

stock markets and overseas stock markets. After reading hundreds of related literature 

reviews, we start our research with deducing the theoretical hypothesis from those 

previous studies and draw conclusions from testing the hypothesis by using a great 

number of data samples of stock indexes from three areas over the period of a decade.  

 

The following figure is the process of our research approach.  
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         Figure 4: The process of our research approach 

2.5 Research Strategies 

Saunders et al. (2009) summed there are seven strategies which are experiment, survey, 

case study, action research, ethnography, ground theory and archival research. 

Choosing an appropriate research strategy depends on requirement of researchers, the 

research question, objectives, and the background knowledge from researchers. 

 

Our quantitative research works on 1630 groups of data around the most of large 

economies in the world. It means that we emphasize on historical information for 

finding trends of the consequences. We draw our conclusion from the data we 

download from the biggest data center DataStream. We are in line with credibility of 

the secondary source of data. So our research strategy is considered as archival 

research. 

 

2.6 Research Design 

For most researchers, after the research questions have roughly been decided, the initial 

idea of research method comes to focus instantaneously. Alan Bryman (2012) made 

clear in social research methods, methodological choice means “a general orientation to 

the conduct of social research.” Therefore, we will make our choice by distinguishing 

among quantitative, qualitative and mixed methods research on the basis of our own 

case. 

 

Quantitative research has been outlined by Bryman and Bell (2011) as distinctive 

research. This term usually represents any technology of numerical data collection and 

numerical data analysis procedure. (Bryman & Bell, 2011, p. 26; Saunders et al., 2012, 

Review the related theories and 
literature 

Set the hypotheses  

Collect data 

Test the hypotheses 

Analysis and interpret the 
outcome 
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p.161)  

 

By contrast, the term of qualitative research is often used as a synonym of any 

technique of data collection and procedure of data analysis that produces and uses non- 

numeric data. (Saunders et al., 2012, p. 161) 

 

Except the distinction of numeric and non- numeric data, there are some more 

fundamental differences between quantitative and qualitative research. (See the table 

below) 

 

 
 

Quantitative  

 

Qualitative  

 

Ontology Objectivism Constructionism 

Epistemology Natural science model , 

especially positivism 

Interpretivism 

Research approach  Deductive, testing of theory Inductive, generation of 

theory 

Table1: Fundamental differences between quantitative and qualitative research 

strategies 

Source: Bryman & Bell, 2011, p. 27 

 

 

As writers of business research we believe it is necessary to bring in the multiple 

methods research, but a noteworthy point is that multiple methods research can be 

divided into multimethod research and mixed method research. In multimethod 

research the researcher can use more than one technique to collect data but the research 

is still restricted to either qualitative or quantitative (tashakkori and teddlie, 2010). So 

in here we emphasize to introduce mixed methods research. The research design should 

be a combination of both quantitative and qualitative research. This mixed methods 

research will lead to amount of dimensions or characteristics in a combination of both 

qualitative and quantitative research. 

 

In the present study we have decided to adopt quantitative research design. The reason 

for this choice not only depends on the fact that the objectives in our article are stock 

indices that belong to numerical data and they, as realities, exist independently from the 

social actors. Also the main part of our research concerns investigation of relationship 

between Chinese stock markets and two biggest areas of world stock markets. 

Investigation of a relationship entails reasonable and logical explanations for results 

rather than some subjective interpretation.  
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Based on our understanding of research philosophies and approach we adopted, we 

would like to go over the main points of quantitative research design for our study. 

See the figure below: our research design onion.

 

Figure 5: Our research design onion 
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Chapter 3: Literature Review of 
World Stock Markets Connections 

 

Regarding method of literature search and objectives of the research, we narrowed 

hundreds of prior researches into 198 related articles of connections of world stock 

markets, from which we particularly selected 59 ones that can mostly represent the 

historical development of world stock markets with mainstream findings. We would 

like to understand how global stock markets evolved in history in order to gain an 

overall image of the current situation from a macro perspective and provide the basis of 

information for hypothesis set. 

 

Specifically, with the chronological emerges of world stock markets, from American 

and European stock markets to Asian stock markets, and to Chinese stock markets, we 

found a regulation that since 1990s American (concerning the readers convenience, we 

emphasize here, in this study “America” Comprises the continents of North America 

and South America.) and European are increasingly connected with each other. 

Meanwhile, researches show that Asian stock markets are becoming progressively 

linked with other global stock markets. However, as Chinese stock markets were 

reopened in early 1990s, there are no evidences on its connection with world stock 

markets at that time. After 2000 studies indicate that Chinese stock markets started to 

get connected with global stock markets. It can be observed that the development of 

Chinese stock markets follows a similar track of international stock markets. This trend 

even becomes more obvious since 2010. Therefore, we sorted prior researches into 

three groups: American and European stock markets, Asian stock markets, and Chinese 

stock markets, by which we present our expectation that the Chinese stock markets will 

become even more connected with global markets in the future. Though, because of its 

re-establishment, quite different political, social and economic environment, Chinese 

stock markets are lack to complete. Our literature review also concerns whether 

Chinese stock markets are efficient markets, which is a big motivation for us to do this 

research, to see whether Chinese stock market will be more connected with 

international stock markets as we expected.  

 

3.1 Researches on American and European Stock 

Markets 

3.1.1 Early Studies before 1990’s: No Significant Connections 

A great number of international diversification articles investigated the co-movement 

of international stock prices. As one of the earliest investigations in this field, Hilliard 

(1979) showed quite low relationship among markets of different countries and there 
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were no bivariate cointegration between U.K. and U.S. equity markets based on Taylor 

and Tonks’s (1989) study. 

 

3.1.2 A Large Number of Studies in 1990’s: Evidence of Increasing 

Connections 

 

However, since the middle of 1990s, studies demonstrated that the co-movement of 

stock returns have been increased more and more. Kasa (1992) found the evidences of 

cointegrating relationship between U.S. market and four European markets. Byers and 

Peel (1993) examined the cointegration among UK, German, French, U.S., Janapese 

and Canadian equity markets. Arshanapalli and Doukas (1993) examined the stock 

markets of UK, Germany and France and demonstrated the bivariate cointegration 

between each of them and the U.S. equity markets.  

 

Malliaris and Urrutia (1992) explored the relationships among some major equity 

markets in the world before and after 1987 October Crash and indicated that there was 

no significant correlation before crash but drastically increased during the crash and 

finally dramatically decreased after crash. Lee and Jeon (1992) found that there were 

common stochastic trends among major stock markets in the world after crash. 

 

Likelywise, some related studies include Gallagher’s (1995) investigation of 

relationships between the stock markets of Ireland and the stock markets of German 

and UK, DeFusco, Geppert, and Tsetsekos’s (1996) study with regard to the linkages 

between U.S. and some emerging markets and Allen and MacDonald’s (1995) 

investigation of correlation between Australian equity markets and some other major 

equity markets in the world. 

 

Kanas (1998) further studied the relationship between U.S. and European stock markets 

through the selection of six largest European markets including U.K. (London), Italy 

(Milan), Germany (Frankfurt), Holland (Amsterdam), Switzerland (Zurich) and France 

(Paris) using methods of multivariate trace statistic Pz, Johansen and Bierens 

nonparametric approach to test the cointegration. With the data of daily closing values 

of stock indices of each market from January 1983 to November 1996, their result 

indicated that there was no pairwise cointegration between U.S. and European markets 

and no long term relationship between them. 

 

3.1.3 Studies after 2000: Diversified Methods Demonstrate Significant 

Connections 

 

Syriopoulos (2003) selected the emerging central European equity markets which are 

Poland, Czech Republic, Slovakia, Hungary to investigate whether they are correlated 
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with U.S and German equity markets and suggested that these emerging central 

markets is more linked with U.S. and German markets than their neighbor markets. 

 

Kasibhatla, Stewart, Sen and Malindretos (2006) investigated long-term and short-term 

relationships among three major West European stock markets of London, Paris and 

Frankfurt from late 1990 to mid 2002 using daily closing index prices of FTSE 100, 

DAX and CAC 40. Through cointegration and error-correction methodology, they 

found that the indices of FTSE 100, DAX and CAC 40 are cointegrated and the DAX 

and FTSE are more cointegrated than DAX and CAC in their period of study. Thus, the 

linear combination of these three indices forces a long-run equilibrium relationship 

which means indices are perfectly correlated in the long term. 

 

Rivas, Verma, Rodriguez and Verma (2008) investigated the volatilities effect of 

European stock markets on Latin American markets through the use of daily closing 

stock price indices of Germany, U.K., Spain, Italy and France as well as Mexico, Chile 

and Brazil during the period from January, 1991 to December, 2005 using the ADF 

(Augmented Dickey-Fuller) tests, E-GARCH and VAR (Vector autoregression) models. 

They suggested that German and Spanish equity markets have more impact on Latin 

American equity markets than French, U.K. and Italian equity markets do and that the 

equity markets of Mexico and Brazil were impacted more than those of Chile by 

German and Spain equity markets. Their research not only examined the short run 

relationships between Latin American and European stock markets but also explored 

the asymmetric impact of both positive and negative innovations on the volatility 

transmissions. (Rivas et al, 2008) 

 

Based on the investigation of Rua and Nunes (2009), Graham and Nikkinen (2011) 

extended it into both developed and emerging markets on three continents. Their results 

indicated that there is high extent of co-movements of stock returns at low frequencies 

between Finnish equity markets and emerging and developed countries they selected 

while reflecting the co-movements of returns series, which supports the increasing 

trend of global integration of capital markets. Their second findings suggested that the 

co-movement of equity market volatilities between stock returns of Finland and the 

emerging and developed countries stock returns are low. However, as to all frequencies 

equities in France, Germany, Switzerland and the UK and the World equity portfolio, 

there are high levels of co-movement of returns and volatilities between them. 

 

Johnson and Soenen (2009) focused on 15 national stock markets of European Union 

(EU) and German stock market to examine the relationship between them utilizing 

daily returns from 1980 to 2006. They found that there is a significant 

contemporaneous association between German and EU stock markets. However, no 

evidence showed that German stock markets lead the movements of EU stock markets. 

The co-movements of EU stock markets are negatively affected by German’s higher 

share of imports from other EU countries, increased volatility and fluctuations in the 

exchange rate. They also suggested that “the percentage difference in the equity market 
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capitalization with that of Germany, the greater the foreign direct investment by 

Germany in the other country, and the fact of belonging to the eurozone all contribute to 

greater co-movement.” (Johnson and Soenen, 2009) 

 

A recent investigation of Graham and Nikkinen (2011) focuses on the relationships 

between Finnish equity markets with developed and emerging equity markets in 

Europe and American. The method they used is according to the three-dimensional 

analysis of wavelet coherency which is in a previous study of Rua and Nunes (2009) 

who examined the co-movements in the equity markets of Germany, Japan, U.K. and 

U.S and found that equity markets co-movement in this unified time-frequency 

framework is different among countries and confirmed investment horizon for 

investors in international portfolio diversification. 

 

3.2 Researches Concerning with Asian Stock Markets 

(excluding Mainland China) 

3.2.1 Early Studies before 1990’s: A trend that Asian Stock Markets Are 

Affected by U.S. Stock Markets 

 

Early studies of the relationships between U.S. and Pacific-Asian stock markets include 

Tai (1985) and Hui and Kwan (1988). Tai (1985) investigated stock price relationships 

among New Zealand, Seoul, Tokyo, Taiwan, Bangkok, Singapore, Seoul, Australia and 

Manila using the daily closing value of indices of each market from January, 1980 to 

March 1984 and indicated that the relationship between the prices in New Zealand and 

Tokyo and between the prices in Australia and New Zealand. Hui and Kwan (1988) 

investigated weekly index of Singapore, Hong Kong, Taiwan and South Korea from 

1975 to 1983 and suggested that investors are safer to invest in these markets. Aggarwal 

and Rivoli (1989) examined daily associations between U.S and four Asian equity 

returns and indicated a significant trend for these four equity markets to follow U.S. 

equity markets day to day. In addition, the day of the week effected in U.S stock 

markets also occurs in these four markets. 

 

3.2.2 Studies in 1990’s and 2000’s: Significant Connections between Asian 

and Some Stock Markets  

 

In the 1990s there were some investigations with regard to the cointegration among 

emerging Asian-Pacific stock markets and developed markets. Cheung and Ho (1991) 

and Cheung (1993) studied inter temporal patterns with regard to the correlation 

coefficients between Asian emerging markets and developed markets and added to the 
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uncertainty and instability of the correlation coefficients overtime. Chan, Cup and Pan 

(1992) concluded that these Asian emerging markets are not cointegrated after using 

unit boot and pairwise cointegration for their study of relationship among Asian-Pasific 

markets. 

 

Hung and Cheung (1995) adopted Johansen multivariate cointegration approach to 

explore the extent of the interdependence of five Asian stock markets which are Korea, 

Taiwan, Hong Kong, Singapore and Malaysia using data of weekly indices from 1981 

to 1991. Hung and Cheung’s (1995) added the factors of exchange rate fluctuations to 

be relevant to the international investors and get some new findings. As the result of 

ADF test confirms the conditions for cointegrating, they expected the long term 

relationships among these five markets but got little evidence from Johansen’s test. In 

addition, they emphasized the importance of exchange rate factors to be considered in 

this test as they converted all the stock returns into U.S. dollar prices. (Hung and 

Cheung’s, 1995) It means that the involvement of the exchange rate fluctuations makes 

it more uncertain and unstable to the study of interdependence of Asian emerging 

equity markets as their little evidence of correlation at that time. 

 

Kasa’s (1992) investigation suggested a single common stochastic trend in developed 

equity markets such as U.K, Germany, U.S., Canada and Japan. However, according to 

Corhay, Rad and Urbain’s (1995) investigation, there was no such trend among the 

stock markets of Japan, Hong Kong, Singapore, Australia, New Zealand from February, 

1972 to February, 1992, which is consistent with Hung and Cheung’s (1995) research 

on stock markets of Korea, Singapore, Hong Kong, Malayasia and Taiwan from 

January 1981 to December 1991. Another investigation by Kwan, Sim and Cotsomitis 

(1995) indicated that significant lead-lag associations exists between the equity markets 

of Hong Kong, Singapore, Australia, Korea, U.K., U.S, Japan and New Zealand from 

January, 1982 to February 1991. 

 

Darbar and Deb (1997) investigated the co-movements of stock returns in four 

international equity markets (Canada, the U.K., Japan and the U.S) through 

multivariate GARCH model and found that the U.S. and Japanese equity markets have 

significant transitory covariance but no permanent covariance. Besides, conditional 

correlations change remarkably over time while they are basically small. They also 

suggested that portfolios can be adjusted based on the variations in the correlations so 

that investors can gain more benefits from diversification. (Darbar and Deb, 1997) 

 

Ghosh, Saidi and Johnson (1999) did an investigation of whether either or both of 

Japanese and U.S. stock markets impact Asian-Pacific stock markets using daily stock 

indexes of those countries from March 26, 1997 to December 31, 1997. After tests of 

cointegration, their results indicated that equity markets of India, Malaysia, Hong Kong 

and Korea are in a long term equilibrium relationship with U.S. stock markets while the 

stock markets of Singapore, Indonesia and Philippines are related to Japanese stock 

markets. (Ghosh et al, 1999) 
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Through a multivariate GARCH model and VAR analyses, Tay and Zhu (2000) study 

the correlations in returns and volatilities among the stock markets of South Korea, 

Hong Kong, Taiwan and Singapore and respectively examines the relationships of each 

of these countries with Japanese and U.S. markets. Selecting the national weekly stock 

price indices of these four Pacific-rim countries as well as Japan and U.S. from January 

1985 to May 1992, they indicated that correlation between Singapore and Hong Kong 

is the highest. The results from the use of GARCH model also indicate that 

non-idiosyncratic common factors are the driving factors of volatilities of returns in 

these markets in this long term equilibrium correlation analyses. They found out that 

the market return of Japan volatility goes up in response to its own and U.S. volatility 

shock but response negatively to the shock from the Hong Kong market. Besides, a 

relatively longer time from the impacts of the shocks from Japanese and U.S. markets 

reveals that American stock markets are exogenous to other countries’ markets and it 

cannot be significantly influenced by most of other countries in spite of the fact that the 

volatilities of the returns in a group of smaller markets do not affect each other 

significantly based on the data. Therefore, it is suggested that Japanese and U.S markets 

are the centers at that time. (Tay and Zhu, 2000) Another finding of their study stated 

that when markets are more geographically located closer and efficiently more 

organized, they suffer more possibilities of volatilities and U.S, Singapore and Hong 

Kong equity markets are able to adjust quicker than those of Japan, Taiwan and South 

Korea. (Tay and Zhu, 2000) 

 

 

Cha and Oh (2000) investigates the relationships between the two important stock 

markets in the world (U.S. and Japan) and four Asian emerging stock markets (Taiwan, 

Korea, Hong Kong and Singapore) through trivariate vector autoregression (VAR) 

model with control for hetero-scedasticity using the data of stock indexes of each 

market covering the period from January, 1980 to September, 1998. They suggested 

that the extent of association between Asian emerging markets and developed markets 

had changed since 1987 October Crash and this relationship even became stronger after 

1997 Asian Financial Crisis. Specifically, after 1987 October Crash U.S. market impact 

more significantly on Singaporean and Hong Kong markets which the influence on 

stock markets of Taiwan and Korea stayed unchanged. Japanese equity markets do not 

have as much impact as U.S. stock markets on these Asian emerging markets until 1997 

Asian Financial Crisis. In the end, they indicated that (Cha and Oh, 2000) among these 

Asian emerging stock markets, a low degree of openness of a stock market is not 

sensitive to the shocks from developed stock markets. 

 

Jang and Sul (2002) focused on the relationships among Asian stock markets before, 

during and after 1997 Asian Financial Crisis. Using the sample of stock indexes of the 

markets in Korea, Hong Kong, Taiwan, Japan, Indonesia, Singapore and Taiwan from 

October, 1996 to September, 1998, they dealt with the data through correlation 

coefficients tests, cointegration tests and Granger causality tests. 
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Similar to Malliaris and Urrutia’s (1992) research on the 1987 October Crash, Jang and 

Sul (2002) indicated that there was no evidence that shows significant co-movement 

among the seven Asian equity markets and both of the uni-directional and 

bi-directional relation among them rocketed during the 1997 Asian Financial Crisis, 

especially noting the significant co-movement among the equity markets of Thailand, 

Singapore, Hong Kong and Indonesia. Different from Malliaris and Urrutia’s (1992) 

study, Jang and Sul (2002) suggested that the co-movement among these Asian equity 

markets remained stronger after financial crisis while the one from Malliaris and 

Urrutia’s (1992) investigation declined after crash. 

 

More and more studies focus on the impact of global events on the world’s equity 

markets. Evidence was provided to indicate that the co-movement patterns of world’s 

stock markets significantly changed after 1997 Asian Financial Crisis showing a 

decrease of the benefits for global investors with the decrese of emerging stock markets. 

(Meric, Leal, Ratner and Merric, 2001; p. 177; Yang, Kolari and Min, 2003) Meric, 

Kim, S., Kim, J. H and Meric (2008,) investigated the co-movement of U.S., U.K., and 

Asian Stock Market before and after 911 Terrorist Attach by correlation analysis, 

principal components analysis, Granger causality statistical techniques to explore the 

degree of changes of co-movement patterns among these stock markets after attach. 

They selected the Morgan Stanley Capital International (MSCI) U.S. dollar market 

indexes of stock markets in six Asian countries and found that the co-movement 

patterns of these stock markets changed significantly since attach and the correlation 

between them decreased. 

 

Majid, Meera and Omar (2008) selected ASEAN-5 stock markets (Thailand, Malaysia, 

the Philippines, Indonesia, and Singapore) to investigate market integration among 

them as well as their extents of interdependencies with Japanese and U.S. markets 

utilizing cointegration and GMM (Generalized Method of Moments) estimation based 

on the closing daily stock indices from January 1988 to December 2006. They found 

that ASEAN stock markets are going more integrated among themselves and with U.S 

and Japanese markets after 1997 Asian Financial Crisis and implied that investors can 

obtain decreasingly benefits from long-run diversification across the ASEAN stock 

markets. (Majid et al., 2008) 
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3.3 Researches on Chinese Stock Markets (Mainland 

China) and Overseas Stock Markets 

3.3.1 Early Studies in 1990’s: No Connections between Chinese and 

Overseas Stock Markets 

 

Bailey (1994), one of the earliest researchers on Chinese equity markets, investigated 

that performance of Chinese stock markets based on one-year weekly data found that 

there are some world markets variables that can explain the index returns of Shanghai 

and Shenzhen equity markets but stated that Chinese equity markets were not 

integrated with foreign equity markets. 

 

3.3.2 Increasing Number of Studies in 2000’s: Some but No Significant 

Connections between Chinese and Overseas Stock Markets 

 

Groenewold, Tang and Wu (2004) explored the relationships of the share markets 

between mainland China and Hong Kong and Taiwan. By combining Shanghai and 

Shenzhen indexes into a value-weighted index, they examine this single index with the 

indexes of Hong Kong and Taiwan markets by the data after and before 1997 Asian 

Crisis using VAR models, Granger causality, impulse response functions (IRFs) and 

forecast-error-variance decompositions (FEVDs). Their findings indicated that Hong 

Kong and Taiwan have strong contemporaneous relationships while Mainland markets 

are quite isolated from the other two. They implied that Chinese stock market is not 

efficient. (Groenewold et al, 2004) A great number of studies contribute to the debate 

whether Chinese stock market is efficient or not including.  

 

Wang and Firth (2004) examined volatilities transmission across four Chinese stock 

markets (the Shenzhen Stock Exchange, the Shanghai Stock Exchange, the Stock 

Exchange of Hong Kong, and the Taipei Stock Exchange) and three international stock 

markets (London Stock Exchange, New York Stock Exchange and Tokyo Stock 

Exchange) utilizing daily open and close price data during the period of 1994 to 2001 

and found that generally contemporaneous return spillover effects are unidirectional 

from international stock markets to Chinese stock markets. However, they stated that 

there is some evidence showing bi-directional return spillovers after 1997 Asian 

Financial Crisis according to the split-sample analysis. In addition, no on-period lagged 

return spillover effects were found from these three international stock markets to 

Chinese markets except Taiwan. They indicated that Chinese mainland stock markets 

(Shanghai and Shenzhen) are not influenced by delayed or contemporaneous “bad 

news”. (Wang and Firth, 2004) 
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Wang and Di Iorio (2007) utilized the CAPM model and Jorion and Schwartz model to 

examine the integration of three China-related equity markets (A-, B- and H-share 

markets) with Hong Kong and world equity markets and suggested Chinese A stock 

index is less related with the MSCI world index, implying that Chinese A stock markets 

was isolated from world stock markets before 2004. 

 

Using univariate and multivariate GARCH models, Sun and Zhang (2009) investigated 

the impact from U.S stock markets on Chinese mainland and Hong Kong stock markets 

during the subprime crisis. They found that Chinese equity was also influenced by the 

financial crisis according to the evidence of the price and volatility spillovers from U.S. 

equity markets. Furthermore, Hong Kong stock returns are more influenced than 

mainland China’s by U.S. stock markets, which reflects the importance of Hong Kong 

equity market as an international financial center. Besides, the impact of volatility of 

mainland Chinese equity markets from U.S equity market lasted longer than that of 

Hong Kong equity market. The third finding is that the correlations between the equity 

markets of mainland China and Hong Kong is much stronger than each of them with 

U.S. equity markets. (Sun and Zhang, 2009) 

 

Lin et al. (2009) investigated the changing variance, covariance and correlations 

between Chinese mainland stock markets (including A share and B share markets) and 

the other five Asian stock markets (Hong Kong, Taiwan, Japan, Australia and 

Singapore), three European stock markets (Germany, France and the UK) and the U.S. 

stock markets using weekly stock index return from December 1992 to December 2006. 

They indicated that A-share indices have no evidence of correlation with world stock 

markets and B share indices have only a little correlation with western markets with a 

low percentage of 0-5 points which is slightly higher extent of correlations with other 

Asian stock markets. 

 

Johansson and Lijungwall (2009) examined the co-movement and return among equity 

markets of Taiwan, Hong Kong and mainland China through the multivariate 

EGARCH model using the data of weekly stock indices on the Dow Jones China 88 

(which includes major stocks listed on both Shenzhen and Shanghai stock exchanges), 

Taiwan Weighted Index and Hang Seng Index from January 1994 to December 2005. 

They got the result that mainland Chinese equity market is less related to the other two 

markets although there are significant relationships in both returns and volatility among 

these markets. 

 

An increasing number of studies with regard to Chinese segmented stock markets are 

focused in recent years as the B-share market was opened to foreign investors only but 

was also opened domestic investors since the regulation change on February 19, 2001. 

(Huang and Fung, 2005; Chiang et al, 2009; Pan et al, 2008; Charles and Darne, 2009 

and Zhou et al, 2010) Chen, Jiang, Li and Sim (2010) examined the structural 

movements of volatility spillovers of stock return for both A and B share markets since 

the regulation change. They used the sample of 78 firms issue both A and B shares on 
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Shenzhen and Shanghai Stock Exchange from May, 2000 to December, 2001 by the 

methodology of Bivariate GARCH Model and Volatility Spillover and got the result 

that the cases of volatility spillover are increasing both from A and B share market, 

which demonstrated the increasing interactions between A and B share markets since 

February 2001. Finally, they suggested that policies should be taken to improve 

information disclosure quality in Chinese listed firms in order to attract both 

international and domestic investors. (Chen et al, 2010) 

 

3.3.3 Studies since 2010: Significant Connections between Chinese and 

Overseas Stock Markets 

 

Nishimura and Men (2010) investigated the day to day volatility spillover effects 

between the equity markets of mainland China and G5 countries (Japan, USA, German, 

France and UK) utilizing the generalized autoregressive conditional heteroskedasticity 

(EGARCG) model, and cross-correlation function approach during the period from 

January, 2004 to December, 2007 and found strong evidence of long run one direction 

volatility spillover from Chinese equity market to G5 equity markets, which means that 

Chinese equity markets was going through a speculative bubble period since 2006. 

 

Ke, Wang and Murray (2010) selected one of China’s stock exchanges, Shanghai stock 

market, to investigate the volatility spillovers between the equity market of Shanghai 

and New York, Tokyo, London, Frankfurt, Hong Kong and Korea respectively from 

July 2005 to July 2007 and from August 2007 to July 2009, the two periods that are 

before and after financial crisis. They utilized GARCH and EGARCH model in order to 

deal with the asymmetries of volatility transmission. They implied that the investors of 

Shanghai markets paid close attention to bad news as the extent of Leverage Effect is 

opposite to most of the samples after the beginning of the financial crisis. The second 

finding is that before the financial crisis Shanghai A-share equity market had one way 

influence on the emerging markets (Hong Kong and Korea) and after the financial crisis 

the equity markets of developed countries (New York, Tokyo, London and Frankfurt) 

had bidirectional impact on each other, which means that they became more associate 

to each other than before but none of them got significant volatility spillover from 

Shanghai A share stock market. Third, Shanghai B share equity market is not as 

risk-precautionary as expected. 

 

Moon and Yu (2010) put forward that the year 2005 was a critical period for the 

Shanghai stock market and stated that before December 2005 the unexpected volatility 

of the S&P 500 index had no relationship with the volatility of the Shanghai index and 

after 2005 there has been a significant symmetric influence of Shanghai stock market 

on the volatility of the US market. 

 

Chong and Yan (2012) investigated an efficiency problem through examine the 
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profitability of trading rules based SETAR (self-exciting threshold autoregressive), AR 

(autoregressive) and MA (moving average) models and suggested that Chinese stock 

market is efficient after the reform. 

 

3.3.4 Studies concerning whether Chinese Stock Markets are Efficient Markets 

 

In consequence of giving the information available most studies argue topics around if 

the Chinese mainland markets are efficient. The Bailey (1994) discovers that there is 

little or no correlation between Chinese B share returns and foreign stock index returns 

or the stocks related China things in Hong Kong and USA. As indicated by Liu, Song, 

and Romilly (1997), through statistical analysis, the indices of two main stock markets, 

Shanghai and Shenzhen, are both having great random walk process and they are 

efficient markets by their own. But the main result can demonstrate “the stock markets 

are collectively inefficient.” Further, some studies from more specific angles 

investigate Chinese stock markets. For example, Oil price shocks cannot confirm there 

is statistically momentous influence on the most stocks in most Chinese stock markets, 

except for manufacturing index and some oil company. (Cong, Wei, Jiao and Fan, 

2008). Prior studies support the inefficiency of Chinese mainland stock markets theory 

including Cai, Laurence, and Qian (1997), Long, Payne, and Feng (1999), Xu (2000), 

and Darrat and Zhong (2000).  

 

However, there are some empirical evidences started to draw results that the Chinese 

mainland stock markets become more efficient than before. As an example, Chong, 

Lam, and Yan (2011) illustrate after revised the time- series model and using the 

SETAR (self- exciting threshold autoregressive) model to forecast the probability, 

Chinese mainland equity market has become more efficient. Chen, Chong, and Li 

(2011) propose that exploring the Chinese stock market cycle, the B-share equity 

market is more efficient than A-shares and they sum the reason to the quality of 

investors.  
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Chapter 4: Theoretical Framework 
 

Because of the scope and purpose of our study, this chapter will set the ground theories 

related to our research. We divide this chapter into two parts. One is globalization and 

integration between international finance and real economy to give a simple and 

understandable theoretical background. The other one is the implication of covariation 

in finance in order to provide readers with the straightforward conceptual introduction 

of the application of our method.  

 

4.1 Globalization and Integration between International 

Finance and Real economy  

4.1.1 Economic Globalization 

 

The object of this study is to investigate the relationship between Chinese stock markets 

and overseas stock markets at the background of financial crisis for investors and 

researchers. The subject occurs in the background of financial globalization, we think it 

is very necessary to offer a rudimentary background conceptual framework with 

economic globalization and international financial and real economic integration. 

 

Economic globalization means that national economies in the world are becoming more 

and more interdependent with a rapid cross-border movement increase of goods, 

service, technology and capital. (Joshi, 2009) Different from the meaning of 

globalization which is concerned with the rapid growth of science, technology and 

labor cross-border division increase, economic globalization is centered on the rapid 

increasing significance of the advance of science and technologies, and information in 

all kinds of marketization and productive activities. (Gao, 2000) Economic 

globalization is either a positive or a negative phenomenon according to the paradigm. 

 

Joshi (2009) indicated that the globalization of markets, production, technology, 

competition and corporations and industries are included in economic globalization. 

Although economic globalization started since several hundred years ago when the 

trans-national trade emerged, it has just been accelerated for the last 20 to 30 years 

thanks to Word Trade Organization and General Agreement on Tariffs and Trade (Gao, 

2000). The developed economies and some less developed economies contribute to the 

recent boom of economic globalization due to reduction in trade barriers, foreign direct 

investment and cross border immigration.  

 

It is hard to say whether economic globalization might or might not be an irreversible 

trend. However, it is obvious that the effects of economic globalization are significant. 
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Statistical evidence indicates the positive side of economic globalization on world 

finance but also reveals the power imbalance between developing and developed 

economies. In addition, world cultures are impacted by economic globalization.  

 

Since the mid-1980s, the rising flows of cross-border industrial economies innumerable 

academic economists and researchers have sparked the intensive debate about the 

beneficial anticipation to developing economics. When we select Chinese stock 

markets to be our main subject, we consider China as one of biggest developing 

economies and emerging markets. However, the currency and financial crises happened 

in the late 1980s and 1990s, which hit the strong hypothesis from most of scholars that 

the benefits ought to be large for those developing economics. To this extent, 

liberalization of capital controls in those economics revealed much more defenseless 

than developed countries in the crisis. At the moment the discussion has though been 

more polarized and the economists are mostly in unanimity regarding trade 

liberalization. Quite a few researchers notice that increasing liberalization of financial 

account and free capital flows become a severe hindrance to the stability of global 

finance. For example, Rodrik (1998) commands the prime capital controls and demand 

of frictions. On the contrary, Fischer (1998) maintains that increased liberalization of 

financial controls generally proves addressing to enhance the income status from lower 

to middle, as long as consequentially promote stability among developed economics. 

Kose et.al. (2006) demonstrate that the major economies like China and India gradually 

open up their financial accounts lately. 

 

Kose et.al. (2006) sum up the influence of globalization from growth, volatility and 

consumption and co-movement of output. In here, we only emphasize comovement of 

output for the reason that we utilize the covariance examining the relationship between 

Chinese stock markets and other global economies. 

 

Comovement is a prediction theory related to the consumption smoothing subject 

concerning the cross-border macroeconomic accumulation. Theoretically, by reason of 

comovement bases on specialization patterns and nature shocks, the influence of raised 

financial integration on cross-border correlations growth amount is uncertain. In any 

respect, financial integration should theoretically assist nations to diversify away the 

risk of country specification. (Kose et. al. 2006, p. 7) 

 

4.1.2 Integration between International Finance and Real Economy 

 

Positively, international finance and real economy are strongly connected. International 

finance indeed serves as an imperative part for real economy. We will review the 

indirect benefits for three essential areas, financial sector development, the quality of 

institution and macroeconomic policy from the summary of Kose et. al. (2006). 
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4.1.2.1 The Perspective from Financial Sector Development 

 

It is strongly suggested from the empirical evidence that financial integration 

accelerate the development of domestic financial market. Although some prior 

researches presume that international finance helps to improve institutional quality 

and governance, there is weak evidence that international finance relate to 

macroeconomic policies. (Kose et.al, 2006) It is also an important issue whether 

international finance can be considered as a critical catalyst for the development of 

domestic financial market. 

 

It is put forward by Levine (1997) and Mishkin (2006) that quite a lot of benefits can 

be generated by foreign ownership of banks, summarized by Kosed et. al (2006) as 

follows. 

 

First, it becomes more convenient for a country to access international financial 

markets. Second, foreign bank participation will help to regulate and supervise the 

domestic banking industry. Third, it benefits loans quality, because under the 

condition of more open economies the domestic government has less influence on 

financial sector. Fourth, new financial instruments and technologies can be introduced 

to contribute competition so that the quality of financial services can be improved. 

Fifth, it helps to build the trust of depositors towards the solvency of domestic banks. 

Sixth, in more financial integrated economies domestic financial sector develops 

better than in those less financial integrated economies. (Bailliu, 2000) 

 

4.1.2.2 The Perspective from Institutional Quality and Governance  

 

The relationship between international finance and governance has received a fair 

amount of attention. Recently more research focus on the two following notions with 

international finance: corporate governance and public governance. 

 

Corporate governance 

International finance could promote corporate governance through some channels, 

thereby decreasing the cost of capital. Competence and information technologies allow 

overseas practitioners to run investment better than local investors. Further 

international finance can convert markets for corporate controls. The international 

finance reduces the strength of certain agency problems by lower the cost of overseas 

finance and thereby builds motivations that utilize more extra finance to enhance their 

governance. (Stulz, 2005) Doidge, Karolyi and Stulz (2004) also find that international 

finance might guide to greater investment in governance, especially that it lower the 

cost of investment. 
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There is little empirical evidence on that international finance is leading to better 

corporate governance. For example, Cornelius and Kogut (2003) gathered an amount of 

paper from academic economists and practitioners, which discuss how international 

finance has prompted some major economies to accustom their corporate governance 

structure for accomplishing the demands for foreign investors. 

 

Public governance, corruption 

Some studies focus on how financial globalization relates to public governance by 

means of extent of corruption, red tape and transparency of government policies.  

 

The issues of public and corporate governance interconnect with each other. Doidge, 

Karolyi and Stulz’s (2005) study investigates to which extent the relative importance 

country and firm characteristics can explain corporation level differences in corporate 

governance, from which they pointed out that 70% of the variation can be explained by 

country characteristics. It means that good overall public governance is of great 

importance for improving corporate governance. 

 

Political economy is also taken into consideration as financial integration is helpful to 

loosen power structures which allow some groups to hinder reforms. (Kose et. al, 2006) 

There is a group theory in which incumbents will limit the development of financial 

sector. In the other words, cross-border trade and financial flows reduce the strength of 

reforms opposition of incumbents and develop financial sector. (Kose et. al, 2006) This 

theory is supported in time-series and cross-sectional dimensions of historical data. 

 

4.2 The Implication of Covariation in Finance 

 

Since we applied the covariation to observe the relationship between Chinese stock 

markets and overseas stock markets, we would like to provide the pertinent conceptual 

framework about the covariation in standard theories in finance. Concerning the time 

limitation, we will only perform some major theories from three perspectives, efficient 

market hypothesis, modern portfolio and arbitrage. 

 

4.2.1 The Perspective from Modern Portfolio 

 

Among the world’s stock markets the covariation becomes vital for seeking 

international portfolio diversification in recent decades. Even though living investors 

can purchase Exchange Trade Funds (ETFs) comprising foreign shares in their own 

country that has diminished the benefits from the identification of international 

portfolio diversification, covariation is rising among the global stock markets thanks 
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to the gradual elimination of capital market restrictions and high technology since the 

1980s. (Kose et. al, 2006) 

As we described in the economic globalization, Soriano and Climent (2006) claim 

that investors often utilize passive global investment strategies from the class 

delineation of regional and national asset. It is accordant with a hypothesis that the 

national effects contribute to most of the advantage of international diversification. 

This also can regard as a contribution how to allocate in investment although 

industrial segmentation is across countries. (Kose et. al, 2006) This segmentation is 

credited to the different attributes of individual sectors. (Baca, et al., 2000) Some 

industries become more sensitive than others to some shocks including that the 

commodity prices perform better on mining stocks than on financial stocks because of 

the latter companies’ earnings being less dependent on commodity prices than the 

former ones, which causes that sector return moves asymmetrically. (Kose et. al, 

2006) 

The foundation of modern portfolio theory was settled by Markowitz (1952, p. 78) 

who suggested a rule that investors should diversity their funds on all stock which can 

reach maximum expected return. In order to make it easy for readers to understand the 

concept of modern portfolio theory, we take Orden, Jen and O‘Connor‘s (2003, p. 

36-39) description. It is indicated that the effects of diversification on the expected 

return and risk of a portfolio providing that ―investors are averse to risk, but are 

sufficiently tolerant of risk to bear it if sufficient compensation, in the form of higher 

expected return, is provided. (Orden, Jen and O‘Connor, 2003, p. 36)  

Although national equity markets become more and more integrated, investors are 

able to make money due to consideration of industrial sectors variety into decision 

makings of international portfolio diversification. (Kose et. al, 2006) The different 

characteristics of the sectors across countries are the main source of industrial equity 

heterogeneity. (Baele & Inghelbrecht, 2006) Sectors which are more globally traded 

have the tendency to internationally covary more with the similar ones. (Kose et. al, 

2006) Nevertheless, investors react differently to common shocks so that they 

potentially get more yields when they take international portfolio diversification 

across sectors. (Kose et. al, 2006) 

Most of the prior researches about covariation merely concentrate on developed 

equity markets, some of which are limited according to investors’ needs and 

availability constraints of data. (Kose et. al, 2006) Few researches focus on 

underdeveloped and emerging equity markets such as Asia, Latin America and Africa, 
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among which the researches on African equity markets usually pay attention to 

volatility linkages and market integration. (Lamba &Otchere, 2001) 

Mhlanga (2008) put forward that increasing the application of covariation amplifies 

the exposure of independent domestic markets to unpredictable manifestation in 

global equity markets and modify the potential profits available from diversified 

international equity portfolios. For practitioners the more relevant information can 

obtain, the cheaper and easier way can make investment decision. Diversified 

risk-return individualities in an international stock portfolio can assist investors to 

gain. (Kose et. al, 2006) 

4.2.2 The Perspective from Efficient Market Hypothesis 

 

As was summarized by Fama (1970, p. 390), stock prices are random and unpredictable 

because the new information cannot be anticipated. Therefore, the widely spread 

behavior in finance is dependent on chartist and proponent of fundamental analysis and 

it is challenging for them to forecast the future stock price. (Fama, 1965. p55) 

 

However, Lai and Lai (1991) indicated that using the available information of price 

series Engle and Granger’s (1987) cointegration technique can be used to test for 

market efficiency because the cointegration approach can properly test the 

nonstationarity in price series. Besides, Johansen cointegration analysis is also used to 

test market efficiency. Therefore, the covariation becomes one of the most important 

methods to test market efficiency. 

 

It is also considered that in an efficient market the random walk is valid. The efficient 

market hypothesis asserts that in a stock market the stock prices fully reflect all 

available information. The efficient market hypothesis is the foundation of market 

finance and stock exchanges regard it as a critical objective that they require to reach. 

There are three versions of efficient market hypothesis according to three levels of 

available information on basis of the nature and the availability of information, as 

Bodie, Kane and Marcus (2009, p. 348-349) described as follows: 

 

The weak-form hypothesis states that the stock prices can only reflect the information 

from the examination of market trading data that is the history of past prices, short 

interest and trade volume. Since the history of past stock price data is costless and 

publicly available, all investors would like to learn to interpret the signals conveyed by 

such data as long as it is reliable about future performance. As this information is 

widely known by investors, those signals lose their value, which makes the trend 

analysis fruitless in a weak-form market. 

 

The semistrong-form hypothesis asserts that besides the history of past prices the stock 

prices reflect all the other publicly available information including the prospects of a 
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firm such as fundamental data on the firm’s product line, balance sheet composition, 

earning forecasts, accounting practices etc. Thus, as an investor, one would also expect 

such publicly available information to be reflected in the stock prices. 

 

The strong-form hypothesis states that stock prices can reflect not only all public 

information of the firms but also information that is available privately inside the 

companies. This is a quite extreme version of hypothesis because individuals inside the 

firms might keep pertinent information long enough before it is released in public to get 

benefits from it. 

 

The major stock exchanges in the world tend to be considered as efficient markets 

because every potential investor is able to obtain the main information they provide for 

free (Fama, 1965). Ratner and Leal (1999) implied that today a lot of emerging 

countries’ stock exchanges are still not efficient. In practical, any market is not 

completely efficient, so as the target stock markets in our research. 

 

As is mentioned, nowadays the major stock markets are almost but not perfectly 

efficient, which leaves the opportunities depending on the extra information to gain 

abnormal return. (Bodie et al, 2009). That is to say, the traders will try to earn abnormal 

return by taking advantage of extra available information, even in which case the actual 

price is converged to the intrinsic price until the abnormal return disappears, i.e. the 

stock price reflects all the information. (Fama, 1970)  

 

4.2.3 The Perspective from Arbitrage 

 

As we descried in last perspective, the efficient market hypothesis merely supposes 

how a perfect efficient stock market behaves. In real world, markets are imperfect. 

Even in the world major stock markets, U.S. and UK markets are undoubtedly among 

the most efficient markets. (We will consider this reason when we choose our specific 

population in the coming chapter.) In certain extent efficient markets offer fertile 

breeding ground for arbitrage. Moreover, some imperfections in the equity markets 

firmly associated with imperfect information. Measuring the efficient market through 

gradual applied covariation provides the more wholesome information and determines 

opportunities of arbitrage in some certain circumstances. 

 

 

Generally in finance, arbitrage is the price difference that investors can take advantage 

of between two or more markets in which way investors are able to attain riskless 

profits without making a net investment. (Bodie, Kane and Marcus, 2009, p. 325) 

Sharpe and Gordon (1990) defined arbitrage as “the simultaneous purchase and sale of 

the same, or essentially similar, security in two different markets for advantageously 

different prices”. As arbitrageurs, they hope any arbitrage opportunity is risk free. 

Hence, arbitrage can be interpreted as the activities that can get profits from the 
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imbalance, selling or buying underestimated assets without any risk. However, the 

outcomes of arbitrage activities lead the market back into the balance, which means the 

pricing of the stock will remain equilibrium. (Bodie, Kane & Marcus, 2009, p. 319) 

 

Shleifer and Vishny (1997, p. 54) investigated the workings of markets where the 

capital of outside investors are invested by specialized arbitrageurs and showed that in 

some extreme circumstances such specialized performance-based arbitrage may not 

lead stock prices to fundamental values, which means that arbitrageurs have to face the 

extreme volatility that may bring about losses and the need of portfolio liquidation from 

the pressure of investors in the fund. Hence, arbitrage opportunities exist in the reality 

that no markets are perfectly efficient and each arbitrage opportunity reduces the extent 

of market imperfections which makes a market more efficient.  

 

However, Mitchell, Pulvino and Stafford (2002, p. 582) stated that that one of the 

biggest impediments to arbitrage is the costs related to imperfect information. It is 

difficult for arbitrageurs to understand economic situation to keep prices at 

fundamental values. Besides, since the cost of transactions and imperfect information, 

arbitrageurs intend to specialize in some particular investment, which limits the 

diversification and then limits arbitrage activity.  

 

On the other hand, based on the arbitrage expectations from investors, Ross (1976) 

developed Arbitrage Pricing Theory (APT). Under the APT, arbitrage exists when there 

is at least one assets being mispriced in two assets trading. There are three propositions: 

1) the return of stock can fit in a factor model, 2) idiosyncratic risk can be diversified 

away by sufficient stock and 3) arbitrage opportunities cannot persist in 

well-functioning stock markets. (Bodie, Kane & Marcus, 2009, p. 324) According to 

the third theory and as our main object is Chinese stock markets, we would like offer 

some effective information through utilizing covariance and therefore helps Chinese 

stock markets to tend to efficient stock markets. 
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Chapter 5 Practical Methodology 
 

The purpose of this chapter is to describe the process of data collection, the data sources 

and time horizon, followed by a short explanation. Moreover, the hypotheses will be 

presented in this chapter. Most importantly, we will introduce the statistical models 

including ADF test, Johansen test, VAR and Granger causality test that are used to 

analyze the data. 

5.1 Sampling 

5.1.1 Population 

Population is a much broader meaning than daily use of the word. Bryman (2012, p. 

187) statements that: it is “the universe of units from which the sample is to be 

selected.”  

 

We chose daily closing price index as population in this study. Generally, a daily 

closing price index is a stock index which is an essential measuring method for valuing 

a section of the stock market. We consider that this method can be a familiar tool 

utilized by investors and financial managers to describe the market and to compare on 

specific investments. Moreover, as a price index, a daily closing price index is a 

statistical design for comparing how prices are different between time spans or 

geographical locations. As a consequence of our research purpose, the readers can 

clearly and easily comprehend our research by price indices. Most importantly, we 

chose the daily closing price index rather than monthly or yearly price index for the 

reason that monthly and yearly data come from the daily closing price. Our rigorously 

scientific controls require us using the most sufficient and reliable data within our 

capability. 

5.1.2 The Specific Population  

As is mentioned before, for the research purpose of investigating the relationship 

between Chinese and overseas stock markets at the background of financial crises for 

investors and researchers, within the cost and time limitation we would like to cover as 

many as important stock markets in the world. Therefore, besides China, we selected 

another two leading areas of stock markets in the world, European stock markets and 

U.S. stock markets. 

 

STOXX Europe 600 index represents large, mid and small capitalization companies 

which across 18 countries of European region including Austria, Belgium, Denmark, 

Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom. 
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It is the best indicator of European stock markets. 

 

S&P 500 stock index is one of the most commonly followed stock indices and many 

agree that it is the best representation of the market for the U.S. economy. It is based on 

the market capitalizations of 500 leading companies publicly traded in New York Stock 

Exchange and NASDAQ. It is designed to be a leading indicator of U.S. equities. Quite 

a lot financial products based on the S&P 500 are available to investors.  

 

CSI 800 is one series of CSI which includes exchange indices and customized indices. 

CSI is the leading index provider in China. CSI 800 consists of CSI 300 and CSI 500 

which is the biggest container of price index. It can comprehensively reflect the price 

fluctuation and performance of the large, mid, and small-cap companies in Shanghai 

and Shenzhen stock market of mainland China. 

5.1.3 Time Horizon 

For addressing our research problem at the background of the whole period of Global 

Financial Crises 2007- 2012 , our research time period is from January 15, 2007 to 

April 15, 2013 and consists of the Global Financial Crisis of 2007 to 2008, the Great 

Recession after that and European sovereign-debt crisis 

 

We choose January 15, 2007 as the beginning of the first phase because it is during the 

initial phase of the financial crisis of 2007 to 2008. Considering that financial crisis 

does not have an exact ending day and usually after the main crisis there is post –crisis 

or recession. We choose April 15, 2013 as the ending of our whole time period after 

Global Financial Crises 2007- 2012 to ensure our research to be bound in time.  

 

Within the motivation of our purpose, we divide the whole period into two phases 

according to the time point of European sovereign-debt crisis. We choose this time 

point because on the date May 9, 2010 European nations implemented a series of 

financial support measures such as the European Financial Stability Facility (EFSF), 

which is a turning point of European sovereign-debt crisis. The two sub- periods are: 

 

The first phase is from January 15, 2007 to May 7, 2010, which is about the Global 

Financial Crisis of 2007 to 2008 and part of the Great Recession after that until May of 

2010. 

 

The second phase is from May 10, 2010 to April 15, 2013, which is about post- Global 

Financial Crisis and European sovereign-debt crisis. 

 

5.1.4 Sampling Frame 

This is the list of all elements in the population from which the sample we selected. 

 

In order to eliminate the currency problems, we used the function of DataStream to 
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convert the currencies of CSI 800 and STOXX Europe 600 into U.S. dollars. The 

following table is the summary of the sample of description.  

 

Market EUROPE Mainland China USA 

 

Name  STOXX EUROPE 

600 E 

CHINA STOCK 800I S&P 500 

COMPOSITE 

Code DJSTOXX CHS800I S&PCOMP 

Date of start to 

end 

2007-01-15 to2013- 

04-15 

2007-01-15 to2013- 

04-15 

2007-01-15 

to2013- 04-15 

Data type Price index  Price index Price index 

currency Euro ~E Reminbi )-ch  US Dollar -$ 

Converted 

currency 

US Dollar -$ US Dollar -$  US Dollar -$ 

Table 2: The sample frame 

5.1.5 Sample Size 

In order to reduce influence of the time zone difference, we take the data of t date of 

CSI800 and t-1 date of STOXX Europe 600 and S&P 500 as one group of sample.  

 

For keeping high validity of our research, we have to adjust the used data in order to 

ensure the consistency and comparability of our research. Since stock exchanges at 

different countries close to break on different dates, it leads to some missing data. We 

remove the data from which closing dates of stock exchanges are different. 

 

Therefore, we get 1630 groups of sample in total, 864 groups of phase 1 and 766 groups 

of phase 2. 

5.1.6 Data Adjustment  

 

Considering that there might be heteroscedasticity that will influence the results, we 

take LN logarithm on all the raw data to reduce this influence. Then, in order to make it 

convenient for the readers to comprehend our process of analysis, we mark the six time 

series as follows. 

 

  

Daily closing price index after LN logarithm 

 

 CSI 800 (China)  STOXXEurope 600 S&P 500 (US) 

Phase 1 LNCHS1 LNDJ1 LNSP1 

Phase 2 LNCHS2 LNDJ2 LNSP2 
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Table 3: Marks of daily closing price index of China, Europe and U.S. stock market after 

LN logarithm 

5.2 Hypotheses 

We present our hypotheses after section 5.1 since our hypotheses tightly concerns with 

the division of the time period into two phases. 

 

Hypotheses are proposed to answer the research question how Chinese stock markets 

are related to European and U.S. stock markets at the background of financial crises.  

 

The causes of financial crises are different in different financial crises. For 

demonstrating different crises, we will follow the two phases as we showed in the time 

horizon. Hypotheses 1 and 2 provide the answer of that “if there is one or more 

relationship among our three objects” in our research question.  

 

Hypothesis 1 specifies on investigating the relationship of the period from January 15, 

2007 to May 7, 2010 which covers the financial crisis 2007 to 2008 and part of the 

Great Recession after that.  

 

  : There is no cointegration relationship among Chinese, European and U.S. stock 

markets during the period from January 15, 2007 to May 7, 2010. 

  : There is at least one cointegration relationship among Chinese, European and U.S. 

stock markets during the period from January 15, 2007 to May 7, 2010. 

 

  ’: There is at most one cointegration relationship among Chinese, European and U.S. 

stock markets during the period from January 15
th

 , 2007 to May 7, 2010. 

  ’: There is more than one cointegration relationship among Chinese, European and 

U.S. stock markets during the period from January 15, 2007 to May 7, 2010. 

 

  ’’: There are at most two cointegration relationships among Chinese, European and 

U.S. stock markets during the period from January 15, 2007 to May 7, 2010. 

  ’’: There are more than two cointegration relationships among Chinese, European 

and U.S. stock markets during the period from January 15, 2007 to May 7, 2010. 

 

Three groups of hypotheses are put forward to identify the number of cointegration 

relationship. Detailed steps are as follows. If    is accepted, it means there is no 

cointegration relationship and we don’t need to continue. If    is rejected, we need to 

continue to test   ’. If   ’ is accepted, it means there is one cointegration relationship 

and we don’t need to continue. If   ’ is rejected, we need to continue to test   ’’. 

Continue doing this until we obtain the number of cointegration relationship. So does 

hypothesis 2. 
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Statistical expression of Hypothesis 1 

 

The following    is the number of cointegration relationships among Chinese, 

European and U.S. stock markets during the period from January 15, 2007 to May 7, 

2010. 

 

  :   =0 

  :   >0 

 

  ’:   ≤1 

  ’ :   >1 

 

  ’’:   ≤2 

  ’’ :   >2 

 

 

Hypothesis 2 focuses on observing whether these three markets have cointergation 

relationship in the period from May 10, 2010 to April 15, 2013 which contains the 

European sovereign debt crisis and the ongoing Great Recession. 

 

  : There is no cointegration relationship among Chinese, European and U.S. stock 

markets during the period from May 10, 2010 to April 15, 2013. 

  : There is at least one cointegration relationship among Chinese, European and U.S. 

stock markets during the period from May 10, 2010 to April 15, 2013. 

 

  ’: There is at most one cointegration relationship among Chinese, European and U.S. 

stock markets during the period from May 10, 2010 to April 15, 2013. 

  ’: There is more than one cointegration relationship among Chinese, European and 

U.S. stock markets during the period from May 10, 2010 to April 15, 2013. 

 

  ’’: There are at most two cointegration relationships among Chinese, European and 

U.S. stock markets during the period from May 10, 2010 to April 15, 2013. 

  ’’: There are more than two cointegration relationships among Chinese, European 

and U.S. stock markets during the period from May 10, 2010 to April 15, 2013. 

 

Statistical expression of Hypothesis 2 

 

The following    is the number of cointegration relationships among Chinese, 

European and U.S. stock markets during the period from May 10, 2010 to April 15, 

2013. 

 

  :   =0 

  :   >0 
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  ’:   ≤1 

  ’ :   >1 

 

  ’’:   ≤2 

  ’’ :   >2 

 

 

Different financial crises have different impacts on stock markets. Considering that the 

specific relationship between different stock markets may change by using different 

time span and our research aims to see how Chinese stock markets are related to U.S. 

and European stock markets, hypotheses 3-6 seek the answer of that “how” these two 

areas of overseas stock markets relate to Chinese stock markets in financial crises by 

examining the causality direction. 

 

Hypothesis 3 aims at investigating the Granger causality direction between Chinese 

and European stock markets during the period of the financial crisis 2007 to 2008 and 

part of the Great Recession after that. 

 

  : European stock markets do not Granger cause Chinese stock markets during the 

period from January 15, 2007 to May 7, 2010. 

  : European stock markets Granger cause Chinese stock markets during the period 

from January 15, 2007 to May 7, 2010. 

 

  ’: Chinese stock markets do not Granger cause European stock markets during the 

period from January 15, 2007 to May 7, 2010. 

  ’: Chinese stock markets Granger cause European stock markets during the period 

from January 15, 2007 to May 7, 2010. 

 

Statistical expression of Hypothesis 3 

 

  : LNDJ1⇏LNCHS1 

  : LNDJ1 ⇒ LNCHS1 

 

  ’: LNCHS1⇏ LNDJ1 

  ’: LNCHS1⇒ LNDJ1 

 

Hypothesis 4 investigates the Granger causality direction between Chinese and U.S. 

stock markets during the period of the financial crisis 2007 to 2008 and part of the 

Great Recession until May 7, 2010. 

 

  : U.S. stock markets do not Granger cause Chinese stock markets during the period 

from January 15, 2007 to May 7, 2010. 

  : U.S. stock markets Granger cause Chinese stock markets during the period from 
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January 15, 2007 to May 7, 2010. 

 

  ’: Chinese stock markets do not Granger cause U.S. stock markets during the period 

from January 15, 2007 to May 7, 2010. 

  ’: Chinese stock markets Granger cause U.S. stock markets during the period from 

January 15, 2007 to May 7, 2010. 

 

Statistical expression of Hypothesis 4 

 

  : LNSP1⇏LNCHS1 

  : LNSP1 ⇒ LNCHS1 

 

  ’: LNCHS1⇏ LNSP1 

  ’: LNCHS1⇒ LNSP1 

 

Hypothesis 5 is proposed to explore Granger causality direction between Chinese and 

European stock markets at the background of the European sovereign debt crisis and 

the ongoing Great Recession (May 10, 2010 to April 15, 2013) 

 

  : European stock markets do not Granger cause Chinese stock markets during the 

period from May 10, 2010 to April 15, 2013. 

  : European stock markets Granger cause Chinese stock markets during the period 

from May 10, 2010 to April 15, 2013. 

 

  ’: Chinese stock markets do not Granger cause European stock markets during the 

period from May 10, 2010 to April 15, 2013. 

  ’: Chinese stock markets Granger cause European stock markets during the period 

from May 10, 2010 to April 15, 2013. 

 

Statistical expression of Hypothesis 5 

 

  : LNDJ2⇏LNCHS2 

  : LNDJ2 ⇒ LNCHS2 

 

  ’: LNCHS2⇏ LNDJ2 

  ’: LNCHS2⇒ LNDJ2 

 

Hypothesis 6 are proposed to explore Granger causality direction between Chinese and 

U.S. stock markets at the background of the European sovereign debt crisis and the 

ongoing Great Recession (May 10, 2010 to April 15, 2013) 

 

  : U.S. stock markets do not Granger cause Chinese stock markets during the period 

from May 10, 2010 to April 15, 2013. 

  : U.S. stock markets Granger cause Chinese stock markets during the period from 
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May 10, 2010 to April 15, 2013. 

 

  ’: Chinese stock markets do not Granger cause U.S. stock markets during the period 

from May 10, 2010 to April 15, 2013. 

  ’: Chinese stock markets Granger cause U.S. stock markets during the period from 

May 10, 2010 to April 15, 2013. 

 

Statistical expression of Hypothesis 6 

 

  : LNSP2⇏LNCHS2 

  : LNSP2 ⇒ LNCHS2 

 

  ’: LNCHS2⇏ LNSP2 

  ’: LNCHS2⇒ LNSP2 

5.3 Statistical Models 

Though literature review in Chapter 4 provides us the basis information about how 

prior research statistical models they utilized, to explore the relationships between 

Chinese and overseas stock markets, we will carry out the co-integration test using 

several statistical models including ADF test, Johansen test, VAR models, ECM and 

Granger causality test.  

 

5.3.1 Correlation Coefficient 

 

Some fundamental statistics such as average and variance can describe features and 

volatility of a single variable and the correlation coefficient can measure the linear 

correlation between two variables.  

The overall correlation coefficient  
  

 is calculated as: 

 
  

=
         

                
 

 

where X and Y are a pair of random variables in a graphic distribution (X, Y) 

 

Correlation coefficient can reflect how strongly pairs of variables are related. It ranges 

from -1 to 1. When 0< | 
  

|<0.3, there is a weak positive or negative linear 

relationship between X and Y. When 0.3<| 
  

|0.7, there is a moderate positive or 
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negative linear relationship between X and Y. When 0.7<| 
  

|<1, there is a strong 

positive or negative linear relationship between X and Y. 

 

However, only considering the correlation coefficient of pairs of random variables 

cannot precisely describe samples with time series. Therefore, we need to deal with 

cointegration test. 

 

5.3.2 The Concept of Cointegration 

 

It is not considered that time series of financial variables are covariance stationary. That 

is to say, there is no stationary relationship between them. However, there are some 

possibilities to find out a long term relationship. In this circumstance, it is inappropriate 

to use the model of least squares or correlation coefficient since they will lead to 

spurious regression. Therefore, we need one tool to measure their correlation so that it 

can demonstrate the long term equilibrium relationship between the variables although 

they cannot keep short term covariance stationary. This tool is cointegration. 

 

Engle and Granger (1987, p265) adopted least squares model to measure the stationary 

coefficient between variances and corrected the errors so that they found this long term 

equilibrium relationship between variances and defined it as cointegration. 

 

The first concept of cointegration is the difference between stationary time series and 

non-stationary time series. To define a time series, denote one stationary time series as 

Y. It is a stationary time series, denoted as I(0) when 

 

E(Y) =λ and Var(Y)=  
 , 

 

the average and variance values of a stationary time series are constant. The variance 

value of a non-stationary time series is related to the time, denoted as t and the variance 

value increases unlimitedly with the increase of t. 

 

Another concept is integrated series. If an original time series    is stationary, we 

define it as an I(0) process. If    is non-stationary but ΔX,  

where 

ΔX=  -     

 

is stationary, we define    as I(1) process. Such non-stationary series that can become 

stationary series through the first difference process is called as integrated series, also 

denoted as I(1). Generally, if a minimum number of differences required to obtain a 

stationary series is k, we define this stationary time series as integrated time series of 
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order k, denoted as I(k). Therefore, the concept of cointegration is described as follows. 

 

If two time series    and    are integrated series of order 1 and satisfy the linear 

relationship: 

 

  = m+a  +b   

 

Where    is an integrated time series, 

We define that    and    are cointegrated and (a, b) is cointegration vector. 

 

5.3.3 Unit Root Test 

 

In order to run cointegration test, we have to make sure that    and    are stationary at 

the same order. Thus, it is important to test these two series before that. Unite root test is 

used to test the stationary of time series. There are quite a lot methods such as 

Dickey-Fuller test, augmented Dickey-Fuller test, Phillips-Perron test and 

Kwiatkowski-Phillips-Schmidt-Shin test. Among these tools, Dickey-Fuller test is 

commonly used as unit root test to check the stationarity of time series. Nevertheless, it 

doesn’t take residual autocorrelation into account. Hence, we need to add a lag order to 

eliminate the residual autocorrelation, which is augmented Dickey-Fuller (ADF) test. 

We choose ADF test in our study. 

 

There are three different forms of ADF autoregressive equations given a time series   , 

  ,…,   : 

 

(1) Δ  =γ    +          
 
   +   

 

  :    is random walk or γ=0 

 

  :    is stationary process or γ<0 

 

(2) Δ  =α+γ    +          
 
   +   

 

  :    is random walk around a drift or {γ=0, α≠0} 

 

  :    is level stationary process or {γ< 0, α≠0} 
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(3) Δ  =α+βt+γ    +          
 
   +   

 

  :    is random walk around a trend or {γ=0, β≠0} 

 

  :    is trend stationary process or {γ< 0, β≠0} 

 

where: 

 

α is an constant called as a drift 

β is the coefficient on a time trend 

γ is the coefficient presenting process root 

t is the time 

p is the lag order of the first differences autoregressive process 

   is an independent identically distributes residual term 

(FinMath User Guide, 2012) 

 

 

 

We decide the length of order on base of Akaike information criterion (AIC) 

 

The following is the equation of the time t: 

 

t = 
  

        
 

where    is the least squares unbiased estimator of γand SE(  +1) is the standard 

deviation unbiased estimator of   +1.  

 

Compare t and T with the value of P (probability) to accept or reject the null hypothesis. 

If t> T and P>0.05, the original time series    is non-stationary. If t<T and P<0.05, we 

can reject null hypothesis which means    is stationary. 

 

We can carry out cointegration test only on condition that each time series is tested to be 

non-stationary by unit root test and they both have integrated series of order k. Thus, we 

are able to analyze the long term cointegration between them. 

 

5.3.4 Procedure of Cointegration Test 

 

After unit root test, we can carry out cointegration test. We are expected to obtain the 

value of cointegration vector. There are some models such as ordinary least squares, 

error correction model (ECM) and vector autoregression model (VAR). By improving 

and combining these models, we have two common methods of cointegrtion test which 
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are Engle-Granger two-step method and Johansen test. We can adopt Engle-Granger 

two-step method only when there is obvious causality between two variables. Johansen 

test is suitable to test multi-variables and it allows more than one cointegrating 

relationship. Therefore, we adopt Johansen test on base of VAR in our study. 

 

There are two types of Johansen tests: the trace statistics and the maximum eigenvalue 

statistic. We need to carry out both of them and get the same results. Given that there are 

n independent cointegrating relationships in one cointegration system, there are r 

maximum eigenvalues that are above 0 and the rest of the n-r characteristic roots traces 

are equal to 0. 

 

Steps of trace statistics 

 

  : r=h, i.e. there are n-r unit roots 

 

  : r>h 

 

Calculate       (n-h) in the following equation: 

      (n-h) = -T          
 
         h=0, 1, 2, …, n-1 

 

Respectively calculate the values of       (n),       (n-1),       (n-2),…,       (1) 

when h=0, 1, 2,…, n-1 and test the significance of these values to obtain the number of 

independent cointegrating relationships r. For example, when h=0, if the value of 

      (n) is not significant, it means there is no cointegrating relationships and we can 

stop testing. If the value of       (n) is significant, it means there is at least 1 

cointegrating relationship. That is to say, we should continue to test the significance of 

the value of       (n-1). Follow these steps until we get the value of       (n-r) which 

is not significant. Thus, we obtain the number of independent cointegrating 

relationships r. 

 

Steps of maximum eigenvalue statistic 

 

  : r=h, i.e. there are n-r unit roots 

 

  : r=h+1, i.e. there are n-r-1 unit roots 

 

Calculate     (h) in the following equation: 

 

    (h) = -T ln(1-    )   h=0, 1, 2, …, n-1 

Likelywise, respectively calculate the values of     (0),     (1),     (2),…,     (r) 

when h=0, 1, 2,…, r and test the significance of these values to obtain the number of 

independent cointegrating relationships r.  
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5.3.5 Vector Autoregression Model 

 

As is mentioned, Johansen test method is based on vector autoregression model. VAR 

model allows more than one evolving variable and all variables in this model are treated 

symmetrically in a structural sense and each of them has an equation that can explain its 

evolution according to its own lags and the lags of the other model variables. A p-th 

order VAR, denoted VAR(p) can be expressed as the following equation: 

 

   =       +…+      +B  +     t=1, 2,…T 

 

Where    is k×1 endogenous variable vector,    is d×1 exogenous variable vector, p is 

lag order and T is the number of sample. The values of k×k vectors (i.e.   ,   ,…  ) 

and k×d vector ( i.e. B) are required to obtain.    is k×1 disturbance vector. (Hatemi-J, 

2004) 

 

One advantage of VAR model is that we don’t need to consider the differences between 

endogenous variable vector and exogenous variable vector.  

 

5.3.6 Error Correction Model 

 

It is common that there is a long-term equilibrium relationship between two economic 

variables. However, as Engle and Granger (1987, p251) implied, they may not keep the 

equilibrium relationship in a short term. Therefore, by utilizing error correction model 

(ECM), the error of one short period can be corrected in its next period. This model 

reflects a connection between variables’ long term relationships and their short-term 

movements. It means that the long term relationship between variables is maintained on 

condition of the continuous adjustment of short term movement. In other words, ECM 

can also reflect short term fluctuation between variables. 

 

The equation of VAR(p) can be simplified if there are conintegrating relationships in k 

I(1) processes. Then, the equation without exogenous variables is: 

 

Δ   =αβ'     +         
   
    +      t = 1, 2, …, T 

 

Therefore, we obtain the equitation of ECM: 

 

Δ   =α       +         
   
    +      t = 1, 2, …, T 
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Where α       =β'    . 

 

α       is the error correction term that reflects the long term adjustment. The value 

of αindicates how fast it can adjust back again to maintain the long term equilibrium 

relationship. If the T-test of the error correction term is significant, we can consider that 

all the variables that have cointegrating relationships move through the same trend in a 

long term. 

 

5.3.7 Granger Causality Test 

 

Granger causality test enables us to examine causality relationship between two 

variables since we can predict time series. Here is the basic meaning of Granger 

causality test. If the past and present relevant information of variable    can be used to 

predict variable   , variable    is the Granger Cause of    . If the past and present 

relevant information of variable    can be used to predict variable   , variable    is 

the Granger Cause of    . The equations of    and    are: 

 

  =  +       
 
   +       

 
   +    

 

  =  +       
 
   +       

 
   +    

 

Run the F test according to the null hypothesis   :   =  =…=  =0 and   ': 

  =  =…=  =0. 

 

If neither of    and   ' can be rejected, there is no Granger causality relationship 

between    and   . 

If   ' is rejected but    cannot be rejected,    is the Granger Cause of   . 

If    is rejected but   ' cannot be rejected,    is the Granger Cause of   . 

If both of    and   ' are rejected, there is bidirectional Granger causality relationship 

between    and   . 

 

To decide the length of order, we also adopt Akaike information criterion (AIC). 
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Chapter 6: Empirical Findings and 

Analysis 
 

In this chapter, we present the process of data analysis and empirical findings. First, we 

carry out descriptive statistical analysis to get the correlation coefficient between each 

stock market for both phases. Second, we will deal with ADF test to check the stationarity 

of all the time series. Third, we will utilize the Johansen test to obtain whether there is 

cointegration relationship among them for both phases. Fourth, if there is no 

cointegration relationship, we will continue to analyze using VAR model. If there are one 

or more cointegration relationships, we will further explore the short term adjustment 

using ECM. Finally, the results of Granger causality test will indicate the causal direction 

between each stock market for both phases. See the following figure of our steps of 

analysis. 

 

Figure 6: Our process of analysis 

 

 

Granger Causality test 
 

Yes 

 

No 

 

Johansen Test 

Test whether there is co-integration relationship 

ECM VAR 

Descriptive statistics analysis 

(Ordinary Covariance Analysis) 

ADF test 
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 6.1 Descriptive Statistics 

6.1.1 Mean and Standard Deviation 

To initiate our test, we use the software Eviews 6.0 to deal with descriptive statistics and 

get the results in table 4. 

 

 

Phase 

 

Phase 1 

 

Phase 2 

 

Variables LNCHS1 LNDJ1 LNSP1 LNCHS2 LNDJ2 LNSP2 

Mean 6.129305 5.967282 7.072579 6.119376 5.853845 7.166626 

Median 6.196426 5.986667 7.114906 6.100930 5.858202 7.181638 

Maximum 6.652285 6.331436 7.355737 6.365116 6.046923 7.373607 

Minimum 5.448383 5.296345 6.516977 5.873337 5.649622 6.930084 

Std. Dev. 0.284736 0.274677 0.211308 0.113304 0.089733 0.098980 

Skewness -0.339468 -0.453819 -0.478478 0.154675 -0.119737 -0.272911 

Kurtosis 2.267485 1.946064 2.014718 2.106646 1.973222 2.428672 

 

Table 4: Descriptive statistics of phase 1 and phase 2 

 

As we can see in the table 4, for the first phase the average daily closing China stock price 

index 800 (CSI 800) is 6.129305 which is more than that ’s Stoxx Europe 600 (DJStoxx 

600)’s 5.967282 and less than that of Standard & Poor's 500 (S & P 500) 7.072579. For 

the second phase, the average daily closing price index of CSI 800 is 6.119376 and that of 

DJStoxx 600 and S & P 500 are respectively 5.853845 and 7.166626. 

 

During the first phase, the standard deviation of China’s daily stock price index is 

0.284736 which is more than that of Europe’s 0.274677 and U.S.’s 0.211308. As to the 

second phase, the standard deviation of China’s daily stock price index is 0.113304 which 

is more than that of Europe’s 0.089733 and U.S.’s 0.098980. By comparing the standard 

deviations of the two phases, it is obvious that Chinese stock markets have larger 

volatilities than U.S. and European stock markets. 
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6.1.2 Correlation Coefficient 

 

Table 5 displays the correlation between the stock markets of China, Europe and U.S. 

during the first phase. 

 

  

LNCHS1 

 

LNDJ1 

 

LNSP1 

 

LNCHS1 1.000000   

LNDJ1 0.571183 1.000000  

LNSP1 0.546128 0.986495 1.000000 

Table 5: Correlation between Chinese, European and U.S. stock markets of phase 1 

 

For the first phase, the correlation between European and Chinese stock markets is 

0.571183 which is in the range of 0.3 to 0.7. The correlation between U.S. and Chinese 

stock markets is 0.546128 which is also in the range of 0.3 to 0.7. It means that there are 

both moderate positive linear relationships between Chinese and U.S. stock markets and 

between Chinese and European stock markets. 

 

Table 6 displays the correlation between the stock markets of China, Europe and U.S. 

during the second phase. 

 

 

 

 

 

LNCHS2 

 

LNDJ2 

 

LNSP2 

LNCHS2 1.000000   

LNDJ2 0.519249 1.000000  

LNSP2 -0.284299 0.480598 1.000000 

Table 6: Correlation between Chinese, European and U.S. stock markets of phase 2 

 

For the second phase, the correlation between European and Chinese stock markets is 

0.519249 which is in the range of 0.3 to 0.7. It indicates that there is a moderate positive 

linear relationship between Chinese and European stock markets. The correlation 

between U.S. and Chinese stock markets is -0.284299 which is also in the range of -0.3 to 

0. It means that there is a weak negative linear relationship between Chinese and U.S. 

stock markets. 

 

Comparing the correlation between Chinese, American and European stock markets of 

phase 1 and phase 2, we noticed that the correlations between Chinese and U.S. stock 
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markets changes from moderate positive linear relationship to weak negative linear 

relationship. It means that after European sovereign-debt crisis there is a great change 

between Chinese and U.S. stock markets correlation. Besides, the correlations between 

Chinese and European stock markets before and after European sovereign-debt crisis are 

the same, moderate positive linear relationship, but with a slight decrease from 0.571183 

to 0.519249. 

6.2 Augmented Dickey-Fuller Test 

6.2.1 Choice of ADF Equation 

 

Since there are three different forms of ADF autoregressive equations, we need to choose 

one of them according to the trend of these time series. Figure 12 and figure 13 display 

how daily closing price index of Chinese, European and U.S. stock markets float. 

 

Figure 7: The logarithm sequence chart of CSI 800, DJSTOXX 600 and S&P 500 of phase 

1 
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Figure 8: The logarithm sequence chart of CSI 800, DJSTOXX 600 and S&P 500 of phase 

2 

From the figure, we can see that those time series are around a trend. Therefore, we will 

choose the equation that includes constant and trend items, i.e. 

 

Δ  =α+βt+γ    +          
 
   +   

We test the null hypothesis   : β=1 where βis N(  -1)/(1-   
 
   ). If β>  , the null 

hypothesis    can be accepted, i.e. Δ  ~I(1), which means that the original time series is 

non-stationary but after the first difference process it becomes a stationary time series. 

6.2.2 Test of Original Time Series 

We use Eviews 6.0 software to carry on the ADF test to check the stationability of the 

time series for the first phase and obtain the results, see table 7. 

 Time 

series 

ADF value P value Critical values 

1% level 5% level 10% level 

Phase 

1 

LNCHS1 -1.942159 0.6313 -3.968720 -3.415031 -3.129703 

LNDJ1 -1.474771 0.8376 -3.968720 -3.415031 -3.129703 

 LNSP1 -1.051029 0.9349 -3.968744 -3.415043 -3.129710 

Table 7: The results of ADF test on original time series of phase 1 
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As you can see from table 7, as to the first phase, the ADF value for the time series 

LNCHS1 is -1.942159 which is larger than the 10% level of critical value -3.129703, 5% 

level of critical value -3.415031 and 1% level of critical value -3.968720 and its p value is 

0.6313 >0.05. It means that we cannot reject the null hypothesis that there is unit boot for 

time series LNCHS1 no matter it is at the 1%, 5% or 10% significant level. Therefore, we 

accept the null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time 

series LNCHS1 is non-stationary. 

 

Likely wise, from table 7, as to the first phase, the ADF value for the time series LNDJ1 is 

-1.474771 which is larger than the 10% level of critical value -3.129710, 5% level of 

critical value -3.415031 and 1% level of critical value -3.968720 and its p value is 

0.8376 >0.05. It means that we cannot reject the null hypothesis that there is unit boot for 

time series LNDJ1 no matter it is at the 1%, 5% or 10% significant level. Therefore, we 

accept the null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time 

series LNDJ1 is non-stationary. 

 

From table 7, as to the first phase, the ADF value for the time series LNSP1 is -1.051029 

which is larger than the 10% level of critical value -3.129703, 5% level of critical value 

-3.415043 and 1% level of critical value -3.968744 and its p value is 0.9349 >0.05. It 

means that we cannot reject the null hypothesis that there is unit boot for time series 

LNSP1 no matter it is at the 1%, 5% or 10% significant level. Therefore, we accept the 

null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time series LNSP1 is 

non-stationary. 

 

Table 8 indicates the ADF test results for the second phase. 

 

 Time 

series 

ADF 

value 

P 

value 

Critical values 

1% level 5% level 10% level 

Phase 

2 

LNCHS2 -2.304751 0.4303 -3.970093 -3.415701 -3.130100 

LNDJ2 -2.554084 0.3019 -3.970093 -3.415701 -3.130100 

LNSP2 -3.073633 0.1134 -3.970093 -3.415701 -3.130100 

Table 8: The results of ADF test on original time series of phase 2 

 

From table 8, as to the second phase, the ADF value for the time series LNCHS2 is 

-2.304751 which is larger than the 10% level of critical value -3.130100, 5% level of 

critical value -3.415701 and 1% level of critical value -3.970093 and its p value is 

0.4303 >0.05. It means that we cannot reject the null hypothesis that there is unit boot for 

time series LNCHS2 no matter it is at the 1%, 5% or 10% significant level. Therefore, we 

accept the null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time 
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series LNCHS2 is non-stationary. 

 

From table 8, as to the second phase, the ADF value for the time series LNDJ2 is 

-2.554084 which is larger than the 10% level of critical value -3.130100, 5% level of 

critical value -3.415701 and 1% level of critical value -3.970093 and its p value is 

0.3019 >0.05. It means that we cannot reject the null hypothesis that there is unit boot for 

time series LNDJ2 no matter it is at the 1%, 5% or 10% significant level. Therefore, we 

accept the null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time 

series LNDJ2 is non-stationary. 

 

From table 8, as to the second phase, the ADF value for the time series LNSP2 is 

-3.073633 which is larger than the 10% level of critical value -3.130100, 5% of critical 

value -3.415701 and 1% level of critical value -3.970093 and its p value is 0.1134 >0.05. 

It means that we cannot reject the null hypothesis that there is unit boot for time series 

LNSP2 no matter it is at the 1%, 5% or 10% significant level. Therefore, we accept the 

null hypothesis on condition of 1%, 5% or 10% significant level, i.e. time series LNSP2 is 

non-stationary. 

 

6.2.3 Test of Time Series in First Difference 

 

In order to test whether the above time series are integrated series of order 1, we have to 

continue to carry on ADF test on their time series after the first difference process.  

 

Table 9 displays the results of the time series after the first difference process of phase1. 

 

 Time series ADF 

value 

P 

value 

Critical value 

1% level 5% level 10% level 

Phase 

1 

DLNCHS1 -28.87672 0.0000 -3.968732 -3.415037 -3.129706 

DLNDJ1 -13.69522 0.0000 -3.968769 -3.415055 -3.129717 

DLNSP1 -24.71546 0.0000 -3.968744 -3.415043 -3.129710 

Table 9: The results of ADF test on time series in first difference of phase 1 

 

From table 9, as to phase 1, the ADF value for the time series after the first difference 

process DLNCHS1 is -28.87672 which is lower than the 10% level of critical value 

-3.129706, 5% level of critical value -3.415037 and 1% level of critical value -3.968732 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNCHS1 at the 5% significant level. Therefore, there is no unit 

boot for the time series LNCHS1 after the first difference process, i.e. time series 
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LNCHS1 is integrated series of order 1. 

 

From table 9, as to phase 1, the ADF value for the time series after the first difference 

process DLNDJ1 is -13.69522 which is lower than the 10% level of critical value 

-3.129717, 5% level of critical value -3.415055 and 1% level of critical value -3.968769 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNDJ1 at the 5% significant level. Therefore, there is no unit 

boot for the time series LNDJ1 after the first difference process, i.e. time series LNDJ1 is 

integrated series of order 1. 

 

From table 9, as to phase 1, the ADF value for the time series after the first difference 

process DLNSP1 is -24.71546 which is lower than the 10% level of critical value 

-3.129710, 5% level of critical value -3.415043 and 1% level of critical value -3.968744 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNSP1 at the 5% significant level. Therefore, there is no unit 

boot for the time series LNSP1 after the first difference process, i.e. time series LNSP1 is 

integrated series of order 1.Table 10 displays the results of the time series after the first 

difference process of phase 2. 

 

 Time series ADF 

value 

P 

value 

Critical value 

1% level 5% level 10% level 

Phase 

2 

DLNCHS2 -28.49126 0.0000 -3.970109 -3.415709 -3.130104 

DLNDJ2 -27.67377 0.0000 -3.970109 -3.415709 -3.130104 

DLNSP2 -17.06902 0.0000 -3.970141 -3.415724 -3.130114 

Table 10: The results of ADF test on time series in first difference of phase 2 

From table 10, as to phase 2, the ADF value for the time series after the first difference 

process DLNCHS2 is -28.49126 which is lower than the 10% level of critical value 

-3.130104, 5% level of critical value -3.415709 and 1% level of critical value -3.970109 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNCHS2 at the 5% significant level. Therefore, there is no unit 

boot for the time series LNCHS2 after the first difference process, i.e. time series 

LNCHS2 is integrated series of order 1. 

 

From table 10, as to phase 2, the ADF value for the time series after the first difference 

process DLNDJ2 is -27.67377 which is lower than the 10% level of critical value 

-3.130104, 5% level of critical value -3.415709 and 1% level of critical value -3.970109 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNDJ2 at the 5% significant level. Therefore, there is no unit 
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boot for the time series LNDJ2 after the first difference process, i.e. time series LNDJ2 is 

integrated series of order 1. 

 

From table 10, as to phase 2, the ADF value for the time series after the first difference 

process DLNSP2 is -17.06902 which is lower than the 10% level of critical value 

-3.130114, 5% level of critical value -3.415724 and 1% level of critical value -3.970141 

and its p value is 0.0000 <0.05. It means that we can reject the null hypothesis that there is 

unit boot for time series DLNSP2 at the 5% significant level. Therefore, there is no unit 

boot for the time series LNSP2 after the first difference process, i.e. time series LNSP2 is 

integrated series of order 1. 

 

Hence, through the results of ADF test, we prove that all the time series are integrated 

series of order 1. Thus, we are able to carry on the cointegration test among Chinese, 

European and US stock market.

 

6.3 Cointegration Test 

6.3.1 VAR Lags Interval Selection 

 

Before the cointegration test, we need to decide the length of order. As we select Akaike 

information criterion, table 11 displays AIC values from lag 1 to 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lag Phase 1 Phase 2 

AIC AIC 

      
0 -3.788595 -6.584426 

1 -15.06389 -17.57679 

2 -15.30320 -18.25304 

3 -15.63944 -18.41884 

4 -15.68018 -18.42734* 

5 -15.68389* -18.42684 

6 -15.67560 -18.42412 

7 -15.67486 -18.41288 

8 -15.67081 -18.40604 

9 -15.67021 -18.40403 

10 -15.66413 -18.38438 

11 -15.66383 -18.37857 

12 -15.65774 -18.38190 

13 -15.65436 -18.37488 

14 -15.64848 -18.35491 

15 -15.64335 -18.34005 
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Table 9: VAR Lag Order Selection on base of AIC

* indicates lag order selected by the criterion 

AIC: Akaike information criterion

  

According to table 11, the value of lag 5 for the first phase, -15.68389, is the lowest and 

the value of order 4 for the second phase, -18.42734, is the lowest. Therefore, the lag 

interval for first phase is 4 and the lag interval for the second phase is 3. 

6.3.2 Johansen Test 

 

There are two types of Johansen tests: the trace statistics and the maximum eigenvalue 

statistic. We carry out both of them and get the same results. Table 12 displays the 

output of cointegration test for the first phase. 

 

 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

 

          
Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     

None*  0.013141  11.36328  21.13162  0.6111 

At most 1  0.004119  3.545531  14.26460  0.9039 

At most 2  0.001042  0.895653  3.841466  0.3439 

     
     

Table 12: Output of Johansen test of phase 1 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 

* denotes rejection of the hypothesis at the 0.05 level 

**MacKinnon-Haug-Michelis (1999) p-values 

 

Table 12 is linked to Hypothesis 1. Testing null hypothesis    “there is no 

cointegration relationship”, the maximum eigenvalue statistic is 11.36328 which is 

lower than the critical value at 5% significant level, 21.13162 and the probability value 

is 0.6111 which is larger than 0.05. Hence, we cannot reject the null hypothesis    and 

we don’t need to continue testing. It means that there is no cointegration 

relationship among U.S., European and Chinese stock markets during the first 

phase. 
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Table 13 displays the output of cointegration test for the second phase. 

 

 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

 

          
Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     

None *  0.034872  27.04695  22.29962  0.0101 

At most 1  0.009486  7.262660  15.89210  0.6374 

At most 2  0.002933  2.238201  9.164546  0.7300 

     
     

Table 13: Output of Johansen test of phase 2 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 

* denotes rejection of the hypothesis at the 0.05 level 

**MacKinnon-Haug-Michelis (1999) p-values 

 

Table 13 is connected with Hypothesis 2,  testing null hypothesis   “there is no 

cointegration relationship”, the maximum eigenvalue statistic is 27.04695 which is 

larger than the critical value at 5% significant level, 22.29962 and the probability value 

is 0.0101 which is lower than 0.05. Therefore, we reject the null hypothesis   , i.e. 

there is at least one cointegration relationship between US, European and Chinese stock 

markets. We continue to test null hypothesis   ’ “there is at most one cointegration 

relationship”. The maximum eigenvalue statistic is 7.262660 which is lower than the 

critical value at 5% significant level, 15.89210 and the probability value is 0.6374 

which is larger than 0.05. Therefore, we cannot reject the null hypothesis   ’ and we 

don’t need to continue to test. It means that there is one cointegration relationship 

among U.S., European and Chinese stock markets during the second phase. 

6.4 Vector Autoregression Analysis 

Since there is no cointegration relationship among US, European and Chinese stock 

markets during the first phase, we need to build vector autoregression model on base of 

the time series in first differences. As we obtained that the lag order of the first phase is 

5, table 14 displays results of VAR analysis. 

 

    
 DLNCHS1 DLNDJ1 DLNSP1 

        
DLNCHS1(-1) -0.000663 -0.017824 -0.017330 

  (0.03448)  (0.01901)  (0.02579) 

 [-0.01923] [-0.93758] [-0.67200] 
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DLNCHS1(-2) -0.002484  0.026191  0.013230 

  (0.03440)  (0.01896)  (0.02573) 

 [-0.07221] [ 1.38110] [ 0.51429] 

    

DLNCHS1(-3)  0.059016  0.018925 -0.027311 

  (0.03439)  (0.01896)  (0.02572) 

 [ 1.71630] [ 0.99832] [-1.06206] 

    

DLNCHS1(-4)  0.064207  0.010914 -0.037762 

  (0.03445)  (0.01899)  (0.02577) 

 [ 1.86359] [ 0.57459] [-1.46557] 

    

DLNCHS1(-5) -0.039627  0.004570  0.002556 

  (0.03429)  (0.01890)  (0.02564) 

 [-1.15574] [ 0.24178] [ 0.09970] 

    

DLNDJ1(-1)  0.003834 -0.393249 -0.084122 

  (0.06287)  (0.03466)  (0.04701) 

 [ 0.06098] [-11.3465] [-1.78927] 

    

DLNDJ1(-2) -0.069894 -0.098712  0.017213 

  (0.06747)  (0.03719)  (0.05045) 

 [-1.03599] [-2.65398] [ 0.34117] 

    

DLNDJ1(-3) -0.074900 -0.084652  0.080412 

  (0.06652)  (0.03667)  (0.04975) 

 [-1.12592] [-2.30823] [ 1.61636] 

    

DLNDJ1(-4) -0.043587  0.057997 -0.053362 

  (0.05379)  (0.02965)  (0.04023) 

 [-0.81033] [ 1.95582] [-1.32657] 

    

DLNDJ1(-5)  0.106314 -0.026242  0.022448 

  (0.04326)  (0.02385)  (0.03235) 

 [ 2.45785] [-1.10047] [ 0.69393] 

    

DLNSP1(-1)  0.114976  0.671342 -0.140712 

  (0.04615)  (0.02544)  (0.03451) 

 [ 2.49163] [ 26.3896] [-4.07749] 

    

DLNSP1(-2)  0.209627  0.720404 -0.044452 

  (0.06291)  (0.03468)  (0.04704) 

 [ 3.33242] [ 20.7732] [-0.94491] 
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DLNSP1(-3)  0.119873  0.258572  0.068749 

  (0.07744)  (0.04269)  (0.05791) 

 [ 1.54798] [ 6.05672] [ 1.18713] 

    

DLNSP1(-4)  0.083703  0.061056 -0.066344 

  (0.07785)  (0.04292)  (0.05822) 

 [ 1.07524] [ 1.42268] [-1.13961] 

    

DLNSP1(-5)  0.104787  0.009028 -0.008197 

  (0.06872)  (0.03789)  (0.05139) 

 [ 1.52475] [ 0.23828] [-0.15949] 

    

C  0.000531 -0.000354 -0.000314 

  (0.00081)  (0.00045)  (0.00061) 

 [ 0.65599] [-0.79246] [-0.51843] 

Standard errors in ( ) & t-statistics in [ ] 

Table 14: Output of VAR analysis of phase 1 

 

From table 14, see the results of DLNCHS1, only time series DLNDJ1(-5), DLNSP1(-1) 

and DLNSP1(-2) have significant influence on DLNCHS1 because their T statistics are 

all larger than the critical value 1.96 at 5% significant level. DLNDJ1(-5) positively 

influence DLNCHS1 with the coefficient 0.106314 which means that a 1% increase of 

DLNDJ1(-5) leads to 0.106314% increase of DLNCHS1. DLNSP1(-1) positively 

influence DLNCHS1 with the coefficient 0.114976 which means that a 1% increase of 

DLNSP1(-1) leads to 0.114976% increase of DLNCHS1. DLNSP1(-2) positively 

influence DLNCHS1 with the coefficient 0.209627 which means that a 1% increase of 

DLNSP1(-2) leads to 0.209627% increase of DLNCHS1. 

 

In order to check the stability of VAR model, we make a chart, inverse root of AR 

characteristic polynomial, see figure 14.  
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Figure 9: Inverse roots of AR characteristic polynomial of phase 1 

In figure 14, the points represent characteristic roots. As we can see, all the points are 

inside the unit circle. It means that the VAR model we built is stable.  

6.5 Long-term and Short-term Model Estimation 

6.5.1 Long-term Equilibrium Relationship 

 

For the second phase, we get long-term equilibrium relationship among U.S., European 

and Chinese stock markets from the cointegration test, see table 15. 

 

1 Cointegrating Equation(s):  Log likelihood  7026.034  

          
Normalized cointegrating coefficients (standard error in parentheses) 

LNCHS2 LNDJ2 LNSP2 C  

 1.000000 -1.303225  0.976258 -5.477202  

  (0.16922)  (0.15226)  (1.06397)  

Table 15: Output of cointegrating Equation of phase 2 

 

Therefore, we obtain the cointegration equation. 

 

LNCHS2=5.477202+1.303225*LNDJ2-0.976258*LNSP2 

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Inverse Roots of AR Characteristic Polynomial
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The T statistics value of LNDJ2 is -1.303225/0.16922=-7.0137. Its absolute value, 

7.0137, is larger than the critical value at 5% significant level 1.96, which means that 

the coefficient of LNDJ2 to LNCHS2 is significant. Likewise, the T statistics value of 

LNSP2 is 0.976258/0.15226=-6.41178. Its absolute value, 6.41178, is larger than the 

critical value at 5% significant level 1.96, which means that the coefficient of LNSP2 to 

LNCHS2 is significant. The T statistics value of constant C is 

-5.477202/1.06397=-5.14789. Its absolute value, 5.14789, is larger than the critical 

value at 5% significant level 1.96, which means that constant C is also significant. 

 

Hence, in a long term Chinese stock markets get more influence from European stock 

markets than from U.S. stock markets and it moves with the same direction of European 

stock markets and opposite direction of U.S. stock markets. I.e. a 1% increase of 

LNDJ2 leads to 1.303225% increase of LNCHS2 and a 1% increase of LNSP2 leads to 

0.976258% decrease of LNCHS2. 

 

6.5.2 Error Correction Model for Short-term Estimation 

Table 16 displays the results of ECM analysis. 

 

        
Error Correction: D(LNCHS) D(LNDJ) D(LNSP) 

        
CointEq1 -0.035633 -0.010197 -0.003111 

  (0.00714)  (0.00529)  (0.00594) 

 [-4.99043] [-1.92869] [-0.52390] 

    

D(LNCHS(-1)) -0.055353 -0.092574  0.052707 

  (0.03627)  (0.02686)  (0.03016) 

 [-1.52605] [-3.44704] [ 1.74747] 

    

D(LNCHS(-2)) -0.021246 -0.025087  0.036690 

  (0.03642)  (0.02697)  (0.03029) 

 [-0.58335] [-0.93029] [ 1.21145] 

    

D(LNCHS(-3))  0.023869 -0.025782  0.038837 

  (0.03600)  (0.02665)  (0.02994) 

 [ 0.66304] [-0.96728] [ 1.29736] 

    

D(LNDJ(-1)) -0.005607 -0.292654 -0.059063 

  (0.05043)  (0.03734)  (0.04194) 

 [-0.11117] [-7.83730] [-1.40834] 

    

D(LNDJ(-2)) -0.111838 -0.121108 -0.004781 
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  (0.04792)  (0.03548)  (0.03984) 

 [-2.33404] [-3.41368] [-0.11999] 

    

D(LNDJ(-3)) -0.020046 -0.035491 -0.026286 

  (0.03282)  (0.02430)  (0.02729) 

 [-0.61071] [-1.46037] [-0.96305] 

    

D(LNSP(-1))  0.184326  0.987721 -0.061429 

  (0.04426)  (0.03277)  (0.03681) 

 [ 4.16426] [ 30.1379] [-1.66892] 

    

D(LNSP(-2))  0.257146  0.606481  0.131254 

  (0.06579)  (0.04871)  (0.05471) 

 [ 3.90859] [ 12.4505] [ 2.39917] 

    

D(LNSP(-3))  0.094963  0.165461 -0.109718 

  (0.06709)  (0.04967)  (0.05579) 

 [ 1.41546] [ 3.33094] [-1.96667] 

    

C -0.000255 -0.000406  0.000432 

  (0.00048)  (0.00036)  (0.00040) 

 [-0.52712] [-1.13439] [ 1.07548] 

        
 R-squared  0.092318  0.583442  0.037624 

 Adj. R-squared  0.080231  0.577895  0.024810 

 Sum sq. resids  0.132672  0.072732  0.091741 

 S.E. equation  0.013291  0.009841  0.011053 

 F-statistic  7.638189  105.1869  2.936048 

 Log likelihood  2216.636  2445.654  2357.192 

 Akaike AIC -5.789070 -6.390167 -6.157985 

 Schwarz SC -5.722147 -6.323244 -6.091062 

 Mean dependent -6.17E-05  0.000214  0.000385 

 S.D. dependent  0.013859  0.015147  0.011192 

Standard errors in ( ) & t-statistics in [ ] 

Table 16: output of ECM analysis of phase 2 

From table 16, we get error correction model and the equation of D(LNCHS2). 

 

D(LNCHS2)=-0.000255-0.035633*ECM-0.055353(LNCHS2(-1))-0.021246*(

LNCHS2(-2))+0.023869*(LNCHS2(-3))-0.005607*(LNDJ2(-1))-0.111838*(L

NDJ2(-2))- 0.020046*(LNDJ2(-3))+0.184326* (LNSP2(-1))+ 0.257146* 

(LNSP2(-2))+ 0.094963* (LNSP2(-3)) 

 

From the outputs of error correction model, we can see that the coefficient of ECM, 

D(LNDJ2(-2)) , D(LNSP2(-1)) and D(LNSP2(-2)) are significant. It means that in the 



68 
 

short term, a 1% increase of D(LNDJ2(-2)) leads to 0.111838% decrease of 

D(LNCHS2), a 1% increase of D(LNSP2(-1)) leads to 0.184326% increase of 

D(LNCHS2) and a 1% increase of D(LNSP2(-2)) leads to 0.257146% increase of 

D(LNCHS2). The coefficient of ECM which is -0.035633 indicates how fast it can 

adjust back again to maintain the long term equilibrium relationship. It means that in 

this model the errors of last lag are corrected at the rate of -0.035633%. 

6.6 Granger Causality Test 

Since Granger causality test requires that all the time series are stationary, we selected 

all the series which are after first difference process to carry on the test. Table 17 is the 

output of the Granger causality test of the first phase. 

    
    

 Null Hypothesis: Obs F-Statistic Prob.  

    
    

 DLNDJ1 does not Granger Cause DLNCHS1  858  3.44920 0.0043 

 DLNCHS1 does not Granger Cause DLNDJ1  0.78496 0.5606 

    
    

 DLNSP1 does not Granger Cause DLNCHS1  858  5.30572 8.E-05 

 DLNCHS1 does not Granger Cause DLNSP1  1.20934 0.3027 

    
    

 DLNSP1 does not Granger Cause DLNDJ1  858  204.286 8E-143 

 DLNDJ1 does not Granger Cause DLNSP1  2.42509 0.0340 

    

Table 17: Result of Granger Causality Tests of phase 1 

 

Linked with Hypothesis 3, from table 17, in the first phase, for the null hypothesis    

“DLNDJ1 does not Granger Cause DLNCHS1”, its probability value of F-Statistic is 

0.0043 which is less than 0.05. Therefore, we can reject the null hypothesis    

“DLNDJ1 does not Granger Cause DLNCHS1”, i.e. LNDJ1 is the Granger cause of 

LNCHS1. For the null hypothesis   ’ “DLNCHS1 does not Granger Cause DLNDJ1”, 

its probability value of F-Statistic is 0.5606 which is larger than 0.05. Therefore, we 

cannot reject the null hypothesis   ’ “DLNCHS1 does not Granger Cause DLNDJ1”, 

i.e. DLNCHS1 does not Granger cause DLNDJ1. It means that during the first phase 

European stock markets Granger causes Chinese stock markets. 

 

Linked with Hypothesis 4, from table 17, in the first phase, for the null hypothesis    

“DLNSP1 does not Granger Cause DLNCHS1”, its probability value of F-Statistic is 

0.00008 which is less than 0.05. Therefore, we can reject the null hypothesis that 

“DLNSP1 does not Granger Cause DLNCHS1”, i.e. LNSP1 is the Granger cause of 

LNCHS1. For the null hypothesis   ’ “DLNCHS1 does not Granger Cause DLNSP1”, 
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its probability value of F-Statistic is 0.3027 which is larger than 0.05. Therefore, we 

cannot reject the null hypothesis   ’ “DLNCHS1 does not Granger Cause DLNSP1”, 

i.e. DLNCHS1 does not Granger cause DLNSP1. It means that during the first phase 

U.S. stock markets Granger causes Chinese stock markets. 

 

From table 17, in the first phase, for the null hypothesis “DLNSP1 does not Granger 

Cause DLNDJ1”, its probability value of F-Statistic is extremely small which is less 

than 0.05. Therefore, we can reject the null hypothesis that “DLNSP1 does not Granger 

Cause DLNDJ1”, i.e. LNSP1 is the Granger cause of LNDJ1. For the null hypothesis 

“DLNDJ1 does not Granger Cause DLNSP1”, its probability value of F-Statistic is 

0.0340 which is lower than 0.05. Therefore, we can reject the null hypothesis “DLNDJ1 

does not Granger Cause DLNSP1”, i.e. DLNCHS1 Granger cause DLNSP1. It means 

that during the first phase there is bidirectional Granger causality relationship between 

US and European stock markets. 

 

Table 18 is the output of the Granger causality test of the second phase. 

 

    
    

 Null Hypothesis: Obs F-Statisti

c 

Prob.  

    
    

 DLNDJ2 does not Granger Cause 

DLNCHS2 

 761  6.70311 3.E-05 

 DLNCHS2 does not Granger Cause DLNDJ2  1.72333 0.1429 

    
    

 DLNSP2 does not Granger Cause 

DLNCHS2 

 761  11.0316 1.E-08 

 DLNCHS2 does not Granger Cause DLNSP2  1.65881 0.1577 

    
    

 DLNSP2 does not Granger Cause DLNDJ2  761  252.966 1E-137 

 DLNDJ2 does not Granger Cause DLNSP2  0.88582 0.4719 

    
    

Table 18: Result of Granger Causality Tests of phase 2 

 

Connected with Hypothesis 5, from table 18, in the second phase, for the null 

hypothesis    “DLNDJ2 does not Granger Cause DLNCHS2”, its probability value 

of F-Statistic is 0.00005 which is less than 0.05. Therefore, we can reject the null 

hypothesis    “DLNDJ2 does not Granger Cause DLNCHS2”, i.e. LNDJ2 is the 

Granger cause of LNCHS2. For the null hypothesis   ’“DLNCHS2 does not Granger 

Cause DLNDJ2”, its probability value of F-Statistic is 0.1429 which is larger than 0.05. 

Therefore, we cannot reject the null hypothesis   ’ “DLNCHS2 does not Granger 
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Cause DLNDJ2”, i.e. DLNCHS2 does not Granger cause DLNDJ2. It means that 

during the second phase European stock markets Granger causes Chinese stock 

markets. 

 

Linked with Hypothesis 6, from table 18, in the second phase, for the null hypothesis 

   “DLNSP2 does not Granger Cause DLNCHS2”, its probability value of F-Statistic 

is 0.00000001 which is less than 0.05. Therefore, we can reject the null hypothesis    

“DLNSP2 does not Granger Cause DLNCHS2”, i.e. LNSP2 is the Granger cause of 

LNCHS2. For the null hypothesis   ’ “DLNCHS2 does not Granger Cause DLNSP2”, 

its probability value of F-Statistic is 0.1577 which is larger than 0.05. Therefore, we 

cannot reject the null hypothesis   ’ “DLNCHS2 does not Granger Cause DLNSP2”, 

i.e. DLNCHS2 does not Granger cause DLNSP2. It means that during the second 

phase U.S. stock markets Granger causes Chinese stock markets. 

 

From table 18, in the second phase, for the null hypothesis “DLNSP2 does not Granger 

Cause DLNDJ2”, its probability value of F-Statistic is extremely small which less than 

0.05 is. Therefore, we can reject the null hypothesis that “DLNSP2 does not Granger 

Cause DLNDJ2”, i.e. LNSP2 is the Granger cause of LNDJ2. For the null hypothesis 

“DLNDJ2 does not Granger Cause DLNSP2”, its probability value of F-Statistic is 

0.4719 which is larger than 0.05. Therefore, we cannot reject the null hypothesis 

“DLNDJ2 does not Granger Cause DLNSP2”, i.e. DLNDJ2 does not Granger cause 

DLNSP2. It means that during the second phase US stock markets Granger causes 

European stock markets

6.7 Summary of Empirical Findings 

For giving readers a general map of the empirical findings, we follow the procedure of 

figure 11, “Our process of analysis”, to summarize our empirical analysis. 

 

Correlation coefficient 

From the descriptive analysis, we get the correlations between Chinese, European and 

U.S. stock markets during phase 1 and phase 2. For the first phase, there are both 

moderate positive linear relationships between Chinese and U.S. stock markets and 

between Chinese and European stock markets. For the second phase, there is a 

moderate positive linear relationship between Chinese and US stock markets and there 

is a weak negative linear relationship between Chinese and European stock markets. 

 

The results of correlation provide us a general map that Chinese stock markets are 

related to European and US stock markets for both two phases. That the correlation 

between Chinese and European stock markets changes from moderate positive linear 

relationship to weak negative linear relationship indicates the impact of the European 

sovereign-debt crisis, which proves that we are right about choosing European 

sovereign-debt crisis as the significant event to divide one period into two phases for 
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doing cointegration test. 

 

ADF test 

Before we carry out Johansen cointegration test, we run the ADF test to check the 

stationability of the 6 time series. All the 6 original time series, LNCHS1, LNDJ1, 

LNSP1, LNCHS2, LNDJ2 and LNSP2, are tested to be non-stationary. All the 6 time 

series in first difference, NLNCHS1, NLNDJ1, NLNSP1, NLNCHS2, NLNDJ2 and 

NLNSP2, are tested to be stationary. Through ADF test, we prove that all the 6 time 

series are stationary which ensures that we can carry on the Johansen test. 

 

Johansen test (to test Hypotheses 1 and 2) 

According to the results of Johansen test, there is no cointegration relationship among 

Chinese, European and U.S. stock markets during phase 1 and there is one 

cointegration relationship among Chinese, European and US stock markets during 

phase 2. 

 

The results from Johansen test of our study indicate that there are no significant 

cointegration relationship between Chinese stock markets and overseas stock market 

before 2010 and there are significant cointegration relationship between Chinese stock 

markets and overseas stock markets after 2010. We found the results may have 

connection with stimulus from the consequences of eruption of European 

sovereign-debt crisis and the continuation of the Great Recession. 

 

VAR (for phase 1) 

Since there is no cointegration relationship among Chinese, European and U.S. stock 

markets during phase 1, we choose to use VAR model to analyze the relationships 

among them. It is different from the concept of cointegration but using a regression 

model we get the mathematical relationships among Chinese, European and US stock 

markets. 

 

Long-run and short-run estimation (for phase 2 using ECM) 

Since there is one cointegration relationship among Chinese, European and U.S. stock 

markets during phase 2, we specifically explore the long term equilibrium relationship 

and short term movement among Chinese, European and US stock markets. 

 

The long term equilibrium relationships of phase 2 can be expressed by the following 

equations. 

 

LNCHS2=5.477202+1.303225*LNDJ2-0.976258*LNSP2 

It means that a 1% increase of European stock markets leads to 1.303225% increase of 

Chinese stock markets and a 1% increase of US stock markets leads to 0.976258% 

decrease of Chinese stock markets. In a long term Chinese stock markets get more 

influence from European stock markets than from U.S. stock markets and it moves with 
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the same direction of U.S. stock markets and opposite direction of European stock 

markets. 

 

The short term adjustment of phase 2 can be expressed by the following equations. 

D(LNCHS2)=-0.000255-0.035633*ECM-0.055353(LNCHS2(-1))-0.021

246*(LNCHS2(-2))+0.023869*(LNCHS2(-3))-0.005607*(LNDJ2(-1))-0.

111838*(LNDJ2(-2))- 0.020046*(LNDJ2(-3))+0.184326* (LNSP2(-1))+ 

0.257146* (LNSP2(-2))+0.094963* (LNSP2(-3)) 

 

Where D(LNDJ2(-2)) , D(LNSP2(-1)) and D(LNSP2(-2)) are significant. It means that 

a 1% increase of D(LNDJ2(-2)) leads to 0.111838% decrease of D(LNCHS2), a 1% 

increase of D(LNSP2(-1)) leads to 0.184326% increase of D(LNCHS2) and a 1% 

increase of D(LNSP2(-2)) leads to 0.257146% increase of D(LNCHS2) and the errors 

of last lag are corrected at the rate of -0.035633%. Therefore, in a short term Chinese 

stock markets also get more influence from US stock markets than from European stock 

markets. 

 

From the above descriptions of two equations, it is obvious that Chinese stock markets 

get more influence from European stock markets than from U.S. stock markets in a 

long term but Chinese stock markets get more influence from U.S. stock markets than 

from European stock markets in a short-term. Compared with the output of sample, for 

the phase 1 the correlation coefficient analysis shows that there are both moderate 

positive linear relationships between Chinese and U.S stock markets while the 

cointegration test shows no cointegration relationship among them.  

 

Granger causality test (Hypothesis 3-6) 

From the results of Granger causality test, we can see that during both phase 1 and 

phase 2 European stock markets Granger cause Chinese stock and U.S. stock markets 

Granger cause Chinese stock. We also get some extra results that during phase 1 there 

are bidirectional Granger causality relationship between U.S. and European stock 

markets and during phase 2 U.S. stock markets Granger causes European stock 

markets. 

 

Granger causality test complete our study and add causal direction to describe the how 

Chinese stock markets are related to European and U.S. stock markets. As we expected, 

both European and U.S. stock markets Granger cause Chinese stock markets, which 

means Chinese stock markets are not important enough to become the cause of leading 

stock markets in the world although this stock market is more important than before. 
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Chapter 7: Conclusion 
 

In this chapter, we draw our conclusion and discuss the important findings from the 

empirical analysis. Furthermore, we will present the contribution of this research. The 

limitation and suggestions for further study will also be put forward as well as the 

credibility of this research. 

 

7.1 Discussion of Conclusion 

With the intention of answering the research clearly, we restate our research question in 

chapter 1 and give the answer. 

 

Research questions: 

 

At the background of financial crises, 

 

How Chinese stock markets are related to European and U.S. stock markets? 

 

This section aims at addressing our research question by discussing our findings from 

former chapters. 

 

As we mentioned in practical methodology, our different hypotheses are proposed to 

answer how Chinese stock markets are related to European and U.S. stock markets at 

the background of financial crises by different perspectives. Hypotheses 1 and 2 

provide the answer of that “if there is one or more relationship among our three objects” 

in our research question. Hypotheses 3-6 seek the answer of that “how” these two areas 

of overseas stock markets relate to Chinese stock markets in financial crises by 

examining the causality direction. 

 

The following table is the summary of hypotheses outcomes, which summarizes all the 

hypotheses we tested in the empirical analysis. 

 

Hypotheses Formulations 

Is null 

hypothesis 

accepted? 

Results 

Hypothesis 1 

  :   =0 

  :   >0  
  =0 

  ’:   ≤1 

  ’ :   >1  
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  ’’:   ≤2 

  ’’ :   >2  

Hypothesis 2 

  :   =0 

  :   >0  
  =1 

  ’:   ≤1 

  ’ :   >1  
  ’’:   ≤2 

  ’’ :   >2  

Hypothesis 3 

  : LNDJ1⇏LNCHS1 

  : LNDJ1 ⇒ LNCHS1  
LNDJ1 ⇒ LNCHS1 

  ’: LNCHS1⇏ LNDJ1 

  ’: LNCHS1⇒ LNDJ1  

Hypothesis 4 

  : LNSP1⇏LNCHS1 

  : LNSP1 ⇒ LNCHS1  
LNSP1 ⇒ LNCHS1 

  ’: LNCHS1⇏ LNSP1 

  ’: LNCHS1⇒ LNSP1  

Hypothesis 5 

  : LNDJ2⇏LNCHS2 

  : LNDJ2 ⇒ LNCHS2  
LNDJ2 ⇒ LNCHS2 

  ’: LNCHS2⇏ LNDJ2 

  ’: LNCHS2⇒ LNDJ2  

Hypothesis 6 

  : LNSP2⇏LNCHS2 

  : LNSP2 ⇒ LNCHS2  
LNSP2 ⇒ LNCHS2 

  ’: LNCHS2⇏ LNSP2 

  ’: LNCHS2⇒ LNSP2  
Table 19: Summary of hypotheses outcomes 

 

Combining the table 19 and former chapters, our results from Hypotheses are: 

 

Hypothesis 1: As we accept the first null hypothesis, there is no cointegration 

relationship among Chinese, European and U.S. stock markets during the period from 

January 15, 2007 to May 7, 2010. It means during the Global Financial Crisis 2007 to 

2008, three areas of stock markets are comparatively independent. 

 

Hypothesis 2: As we can see from the table 19,   =1, which means that there is one 

cointegration relationship among Chinese, European and U.S. stock markets during the 

period from May 10, 2010 to April 15, 2013, i.e. in the period of the European 

sovereign debt crisis and the ongoing Great Recession. We can see the cointergation 

relationship grow closer with the number of economic conditions. 

 

Hypothesis 3: The result of this hypothesis test indicates that European stock markets 

Granger cause Chinese stock markets during the period from January 15, 2007 to May 7, 

2010 which is at the background of the Global Financial Crisis 2007 to 2008 and part of 

great recession after that. It means that in this period from the time series of European 
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stock markets can be used to forecast Chinese stock index. 

 

Hypothesis 4: we reject   : U.S. stock markets do not Granger cause Chinese stock 

markets during the period from January 15, 2007 to May 7, 2010 and accept   ’: 

Chinese stock markets do not Granger cause U.S. stock markets during the period from 

January 15, 2007 to May 7, 2010. We found that U.S. stock markets Granger cause 

Chinese stock markets during the period from January 15, 2007 to May 7, 2010, which 

covers the Global Financial Crisis 2007 to 2008 and part of great recession after that. 

 

Hypothesis 5: From table 19, you can see the result of this hypothesis test indicates that 

European stock markets Granger cause Chinese stock markets during the period from 

May 10, 2010 to April 15, 2013, which means that is in the period of the European 

sovereign debt crisis and the ongoing Great Recession, the information of the European 

stock markets is also useful for forecasting the Chinese stock markets. 

 

Hypothesis 6: As we can see from table 19, we got the result: LNSP2 ⇒ LNCHS2. It 

means that U.S. stock markets Granger cause Chinese stock markets during the period 

from May 10, 2010 to April 15, 2013. In other words, at the background of the 

European sovereign debt crisis and the ongoing Great Recession, the time series of U.S. 

stock markets can be valuable information for forecast Chinese stock markets. 

 

Our results of hypotheses 1, 3, 4 answer the research question “how” during the 

period of Global Financial Crisis 2007 to 2008 and the part of ongoing Great 

Recession. There is no cointegration relationship among Chinese, European and U.S. 

stock markets during this period. As a forecasting source, Chinese stock markets 

cannot be as useful as the other two. This result is similar to some prior studies before 

2010, which is that Chinese stock market is not significantly cointergrated with other 

stock markets. On the other hand, we still obtained some new findings from our 

results that the time series of European stock markets and U.S. stock markets can be 

used to forecast Chinese stock markets. In our opinion, European and U.S. financial 

markets are comparatively efficient markets. It means that the information from those 

areas is more transparent and is not easy to be manipulated by the government. 

 

From the outcomes of hypotheses 2, 5, 6, there is one cointegration relationship among 

Chinese, European and U.S. stock markets, which address to answer the research 

question “how” during the period of the European sovereign debt crisis and the ongoing 

Great Recession. At the same period, the information of the European and U.S. stock 

markets is continuingly useful for forecasting the Chinese stock markets. In this phase 

these three leading areas of stock markets are obviously more related to each other. 

Considering more aforementioned reforms and formal agreement from chapter 1, they 

may enhance the links to some extent. For example, the tax-free export products 

policy increases the globalization process. 

 

Besides, there are some other important findings from the existing models. In a long 
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term there is a stochastic trend that Chinese stock markets get more influence from 

European stock markets than from U.S. stock markets and it moves with the same 

direction of European stock markets and opposite direction of U.S. stock markets 

during the period of the European sovereign debt crisis and the ongoing Great 

Recession.  

 

Combining our result with our literature review and theoretical framework, these three 

areas of stock markets become increasingly efficient. Stated by Stephen, Ross, and 

Westerfield (2005), in an efficient stock market, assuming as a perfect capital market, 

all the information is available and arbitrage opportunity can be eliminated. It is 

implied with the increasing efficiency, the arbitrage can be comparatively decreased. 

According to the prior researches, the inefficient mainland Chinese stock markets have 

to confront the risk from the arbitrager and speculators. Nevertheless, our result proved 

Chinese mainland stock markets will be confronted lower risk from arbitrager and 

speculators. At the same time investors can base on the stochastic trends from our 

research to price derivatives and hedge portfolio risks and diversify international 

portfolio obtained by the information about the relationship among mainland Chinese, 

European and U.S. stock indices. 

7.2 Contributions 

Our study contributes to the current knowledge in a number of theoretical and practical 

ways. First, this research is of great help for individual investors and those at domestic 

financial management level. Although there are quite a lot similar researches before, 

they need continuously updating information. The result of this research implies that 

Chinese stock markets are becoming more efficient than before. Thus, investors need 

to consider whether Chinese stock market is still a good place for investment. For the 

investors, long term diversification opportunities are gradually diminished since the 

risk reduction is lost in cointegrated stock markets. With the help of the latest 

information of the relationships between Chinese and overseas stock markets, investors 

can keep an eye on the trend of Chinese stock markets, adjust their investment portfolio, 

short-term arbitrage and reduce risk exposure to a certain extent. As is mentioned that 

investors’ self-fulfillment is one important element that lead to the financial crisis, this 

research also helps to prevent the financial crisis. 

 

One advantage of our research is the data selection. We choose Stoxx Europe 600 

which represents large, mid and small capitalisation companies across 18 countries of 

the European region: Austria, Belgium, Denmark, Finland, France, Germany, Greece, 

Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, 

Switzerland and the United Kingdom. CSI 800 can comprehensively reflect the price 

fluctuation and performance of the large, mid, and small-cap companies in Shanghai 

and Shenzhen stock market of mainland China. S&P 500 is considered to be the best 

representation of the market for the U.S. economy. Therefore, our research covers most 
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of the leading economies in the world. From the prior researches, few can cover as 

many global economies as we do in one research. 

 

Third, this study covers a period from January 15, 2007 to April 15, 2013, which is a 

very meaningful time span to study. The beginning time point of our study is during the 

initial phase of Financial Crisis of 2007 to 2008. We selected the time point of 

European sovereign-debt crisis to divide this period into two phases. Financial Crisis of 

2007 to 2008 leads to the European sovereign-debt crisis and European sovereign-debt 

crisis strengthen the impact the financial crisis. Therefore, our study is more targeted, 

specific and bounded in time that covers the whole process of the latest financial crises. 

It can also be regarded as an important reference to predict financial crisis. 

 

7.3 Limitations 

Our research covers most of the leading economies in the world though, as the time and 

cost limitation, we cannot do the cluster sample to cover all stock markets in the world. 

For example, there are some developing economies with lively young stock markets 

such as Latin America, Philippine, Korean, Thai and India. They are not in the scope of 

our study. These stock markets are also valuable to study as they also play an 

irreplaceable role on the global finance. 

 

As the time limitation, our research could not follow the event that has not happened 

yet, the suggestion in here is that our following researchers can choose a longer time 

span in the post crisis to conduct their research so that they can compare the results 

with ours and complete knowledge of this area.  

 

There are some evidences that stock markets are sometimes manipulated by the 

governments. For instance, Chinese government sometimes takes measures to interfere 

the normal trend of stock markets. These facts may influence the results of our study. 

 

We use quite a lot classic statistical models to deal with our research. These models 

help us describe the relationships between Chinese and overseas stock markets from 

different aspects. However, there are some models that we did not use such as ARCH. 

Since the time limitation, we cannot cover all the models to describe the relationships 

between Chinese and overseas stock markets. 

 

7.4 Suggestions for Further Study 

If we have sufficient money and time, we would like to fix all the limitations above. 

We think our limitation would be new research gaps for the followers.  
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We would like to think our research as a solid base for the further study. As our 

theoretical framework mentioned, market efficiency hypothesis, modern portfolio 

theory and arbitrage, these three perspectives drive us to think how interesting and 

valuable our study can bring to others. This is a study which is more theoretical than 

practical. Some interesting results of our research are connected with these three big 

theory fields; however, there are some certain implications from us. We hope further 

study can apply these three theories more deeply for investors. 

 

7.5 Credibility Criteria 

Validity and reliability are two main criterions to evaluate credibility of one thesis. 

Validity deals with the integrity of the conclusions generated from a research. (Bryman, 

2012, p47) It measures whether the finding are really about as they appear to be. 

(Saunders et al., 2009, p157) Internal validity and external validity will be discussed. 

Reliability is concerned with how our data collection techniques or analysis procedures 

will yield consistent findings. (Saunders et al., 2009, p. 156) It answers the question 

whether the results of a study is repeatable. (Bryman, 2012, p46) These criterions will 

be discussed according to our study as follows. 

7.5.1 Internal Validity 

 

Internal validity is concerned with the issue “whether a conclusion that incorporates 

causality between two or more variables holds water.” (Bryman, 2012, p47) It answers 

the question how confident we are that the independent variable is really responsible for 

the variation. (Bryman, 2012, p47) 

 

Considering we were dealing with time series in our study, we gave up only calculating 

the correlation coefficient. Instead we take several classic statistics models to analyze 

the data by which we improve rigorousness and internal validity of our research. We 

use ADF model to test the stationability of the time series before we carry on the 

cointegration test. Our cointegration test is based on VAR model. ECM is also adopted 

to explore the short term relationship among Chinese, US and European stock markets. 

Finally, we test the causality between those stock markets by Granger causality test. 

This three steps method of testing relationship among international stock markets can 

be found in quite a lot prior literatures, which is a strong base of the internal validity of 

our thesis. Therefore, we are very confident that the internal validity of our research is 

high.  

 

7.5.2 External Validity 

 

External validity, sometimes referred as generalisability, concerns to which extend the 
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research results are generalisable. (Saunders et al., 2009, p158) It presents how we 

collected data and how appropriate the measurement reflects the reality.  

 

We select CSI 800, Stoxx Europe 600 and S&P 500 as our data to deal with the research. 

CSI 800 can reflect the price fluctuation of the large, middle and small companies in 

Shanghai and Shenzhen stock markets. Stoxx Europe 600 represents large, mid and 

small capitalisation companies of 18 countries of the European region, which are 

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, 

Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the 

United Kingdom. S&P 500 is on base of the market capitalizations of 500 leading 

companies publicly traded in the U.S. It is considered to be the best representation of 

the market for the U.S. economy. Hence, these three indices we selected can 

comprehensively represent stock markets of these three areas. Besides, our data is over 

a period of 6 years from Jan. 15, 2007 to April 15, 2013. We also divide it into two 

phases instead of doing one. The large amount of data and time horizon ensure that our 

research reflects reality properly.  

 

7.5.3 Reliability 

 

Reliability is concerned with whether the measures yield the same results on other 

occasions, whether similar observations will be reached by other observers and whether 

there is any transparency in how sense was made from the raw data. (Saunders et al., 

2009, p156) 

 

We downloaded our data from DataStream which is the world’s largest financial 

statistical database. The three stock indexes are generated by authorized entities and 

they are considered best representative. Therefore, we believe that our data for the 

research is highly reliable. 

 

Another one fact is that since it is a quantitative research and all the information is 

objective it provides us no worries to consider problems like information distortions 

and misinterpretation. Use of advanced statistical models requires a lot of steps with 

very complicated calculation, which leaves us no chance to manipulate the raw data. 

 

Furthermore, we clearly present the process of how we analyze the data in detail and all 

the results generated by Eviews are attached in the appendix to help the other 

researchers to conduct the study. 
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Appendix 1: Descriptive Statistics 

Phase 1 

 

 LNCHS1 LNDJ1 LNSP1 

 Mean  6.129305  5.967282  7.072579 

 Median  6.196426  5.986667  7.114906 

 Maximum  6.652285  6.331436  7.355737 

 Minimum  5.448383  5.296345  6.516977 

 Std. Dev.  0.284736  0.274677  0.211308 

 Skewness -0.339468 -0.453819 -0.478478 

 Kurtosis  2.267485  1.946064  2.014718 

    

 Jarque-Bera  35.91117  69.64512  67.91559 

 Probability  0.000000  0.000000  0.000000 

    

 Sum  5295.719  5155.732  6110.708 

 Sum Sq. Dev.  69.96760  65.11108  38.53386 

    

 Observations  864  864  864 

 

Phase 2 

 LNCHS2 LNDJ2 LNSP2 

 Mean  6.119376  5.853845  7.166626 

 Median  6.100930  5.858202  7.181638 

 Maximum  6.365116  6.046923  7.373607 

 Minimum  5.873337  5.649622  6.930084 

 Std. Dev.  0.113304  0.089733  0.098980 

 Skewness  0.154675 -0.119737 -0.272911 

 Kurtosis  2.106646  1.973222  2.428672 

    

 Jarque-Bera  28.52646  35.47920  19.92674 

 Probability  0.000001  0.000000  0.000047 

    

 Sum  4687.442  4484.045  5489.635 

 Sum Sq. Dev.  9.820881  6.159844  7.494743 

    

 Observations  766  766  766 
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Appendix 2: Covariance Analysis: Ordinary  

 

Phase 1 

Date: 04/29/13   Time: 21:28   

Sample: 1/16/2007 5/07/2010   

Included observations: 864   

     
     Correlation    

t-Statistic    

Probability LNCHS1  LNDJ1  LNSP1   

LNCHS 1 1.000000    

 -----     

 -----     

     

LNDJ 1 0.571183 1.000000   

 20.43053 -----    

 0.0000 -----    

     

LNSP 1 0.546128 0.986495 1.000000  

 19.14075 176.8310 -----   

 0.0000 0.0000 -----   

     
      

Phase 2 

Covariance Analysis: Ordinary  

Date: 04/29/13   Time: 21:41  

Sample: 5/10/2010 4/15/2013  

Included observations: 766  

    
    Correlation   

t-Statistic   

Probability LNCHS2  LNDJ2  LNSP2  

LNCHS 2 1.000000   

 -----    

 -----    

    

LNDJ 2 0.519249 1.000000  

 16.79375 -----   

 0.0000 -----   

    

LNSP2  -0.284299 0.480598 1.000000 
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 -8.196385 15.14809 -----  

 0.0000 0.0000 -----  

    
    

Appendix 3: ADF Test (Phase 1) 

 

Null Hypothesis: LNCHS1 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -1.942159  0.6313 

Test critical values: 1% level  -3.968720  

 5% level  -3.415031  

 10% level  -3.129703  

     
     *MacKinnon (1996) one-sided p-values.  

 

Null Hypothesis: D(LNCHS1) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -28.87672  0.0000 

Test critical values: 1% level  -3.968732  

 5% level  -3.415037  

 10% level  -3.129706  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: LNDJ1 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -1.474771  0.8376 

Test critical values: 1% level  -3.968720  

 5% level  -3.415031  

 10% level  -3.129703  

     



IV 
 

     *MacKinnon (1996) one-sided p-values.  

 

 

 

Null Hypothesis: D(LNDJ1) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 3 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -13.69522  0.0000 

Test critical values: 1% level  -3.968769  

 5% level  -3.415055  

 10% level  -3.129717  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: LNSP1 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 2 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -1.051029  0.9349 

Test critical values: 1% level  -3.968744  

 5% level  -3.415043  

 10% level  -3.129710  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: D(LNSP1) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 1 (Automatic based on SIC, MAXLAG=20) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -24.71546  0.0000 

Test critical values: 1% level  -3.968744  

 5% level  -3.415043  

 10% level  -3.129710  

     
     *MacKinnon (1996) one-sided p-values.  



V 
 

Appendix 4: ADF Test (Phase 2) 

 

Null Hypothesis: LNCHS2 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -2.304751  0.4303 

Test critical values: 1% level  -3.970093  

 5% level  -3.415701  

 10% level  -3.130100  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: D(LNCHS2) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -28.49126  0.0000 

Test critical values: 1% level  -3.970109  

 5% level  -3.415709  

 10% level  -3.130104  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: LNDJ2 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -2.554084  0.3019 

Test critical values: 1% level  -3.970093  

 5% level  -3.415701  

 10% level  -3.130100  

     
     *MacKinnon (1996) one-sided p-values.  
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Null Hypothesis: D(LNDJ2) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -27.67377  0.0000 

Test critical values: 1% level  -3.970109  

 5% level  -3.415709  

 10% level  -3.130104  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: LNSP2 has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -3.073633  0.1134 

Test critical values: 1% level  -3.970093  

 5% level  -3.415701  

 10% level  -3.130100  

     
     *MacKinnon (1996) one-sided p-values.  

 

 

Null Hypothesis: D(LNSP2) has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 2 (Automatic based on SIC, MAXLAG=19) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -17.06902  0.0000 

Test critical values: 1% level  -3.970141  

 5% level  -3.415724  

 10% level  -3.130114  

     
     *MacKinnon (1996) one-sided p-values.  
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Appendix 5: VAR Lag Order Selection Criteria (Phase 1) 

     

Endogenous variables: LNCHS LNDJ LNSP     

Exogenous variables: C      

Date: 04/29/13   Time: 21:32     

Sample: 1/16/2007 5/07/2010     

Included observations: 849     

       
        Lag LogL LR FPE AIC SC HQ 

       
       0  1611.258 NA   4.54e-06 -3.788595 -3.771831 -3.782173 

1  6406.622  9545.541  5.76e-11 -15.06389 -14.99684 -15.03820 

2  6517.208  219.3491  4.53e-11 -15.30320 -15.18586 -15.25825 

3  6668.942  299.8926  3.24e-11 -15.63944  -15.47180* -15.57522 

4  6695.236  51.78370  3.11e-11 -15.68018 -15.46225  -15.59670* 

5  6705.811  20.75185   3.10e-11*  -15.68389* -15.41568 -15.58114 

6  6711.292  10.71626  3.12e-11 -15.67560 -15.35709 -15.55359 

7  6719.977  16.91906  3.13e-11 -15.67486 -15.30606 -15.53358 

8  6727.257  14.13140  3.14e-11 -15.67081 -15.25172 -15.51026 

9  6736.005  16.91934  3.14e-11 -15.67021 -15.20084 -15.49041 

10  6742.423  12.36646  3.16e-11 -15.66413 -15.14446 -15.46506 

11  6751.296   17.03615*  3.16e-11 -15.66383 -15.09387 -15.44549 

12  6757.712  12.27224  3.18e-11 -15.65774 -15.03749 -15.42014 

13  6765.276  14.41539  3.19e-11 -15.65436 -14.98382 -15.39749 

14  6771.779  12.34707  3.21e-11 -15.64848 -14.92765 -15.37235 

15  6778.601  12.90524  3.23e-11 -15.64335 -14.87223 -15.34795 

       
        * indicates lag order selected by the criterion    

 LR: sequential modified LR test statistic (each test at 5% level)   

 FPE: Final prediction error     

 AIC: Akaike information criterion     

 SC: Schwarz information criterion     

 HQ: Hannan-Quinn information criterion    
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Appendix 6: VAR Lag Order Selection Criteria (Phase 2) 

 

 

Endogenous variables: LNCHS LNDJ LNSP     

Exogenous variables: C      

Date: 04/29/13   Time: 21:47     

Sample: 5/10/2010 4/15/2013     

Included observations: 751     

       
        Lag LogL LR FPE AIC SC HQ 

       
       0  2475.452 NA   2.77e-07 -6.584426 -6.565965 -6.577313 

1  6612.085  8229.201  4.67e-12 -17.57679 -17.50295 -17.54834 

2  6875.016  520.9596  2.37e-12 -18.25304 -18.12381 -18.20325 

3  6946.276  140.6228  2.01e-12 -18.41884  -18.23423*  -18.34771* 

4  6958.465  23.95671   1.99e-12*  -18.42734* -18.18734 -18.33487 

5  6967.280  17.25300  1.99e-12 -18.42684 -18.13147 -18.31304 

6  6975.258  15.55264  2.00e-12 -18.42412 -18.07336 -18.28898 

7  6980.035  9.273751  2.02e-12 -18.41288 -18.00673 -18.25639 

8  6986.467  12.43734  2.04e-12 -18.40604 -17.94451 -18.22821 

9  6994.713  15.87578  2.04e-12 -18.40403 -17.88712 -18.20487 

10  6996.336  3.112732  2.08e-12 -18.38438 -17.81209 -18.16388 

11  7003.155  13.01995  2.09e-12 -18.37857 -17.75090 -18.13673 

12  7013.405   19.48976*  2.09e-12 -18.38190 -17.69885 -18.11872 

13  7019.769  12.04980  2.10e-12 -18.37488 -17.63644 -18.09036 

14  7021.269  2.829814  2.14e-12 -18.35491 -17.56109 -18.04905 

15  7024.688  6.419045  2.18e-12 -18.34005 -17.49084 -18.01285 

       
        * indicates lag order selected by the criterion    

 LR: sequential modified LR test statistic (each test at 5% level)   

 FPE: Final prediction error     

 AIC: Akaike information criterion     

 SC: Schwarz information criterion     

 HQ: Hannan-Quinn information criterion    
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Appendix 7: Johansen Test  

 

Phase 1 

 Selected (0.05 level*) 

Number of 

Cointegrating Relations 

by Model      

      
      Data Trend: None None Linear Linear Quadratic 

Test Type No Intercept Intercept Intercept Intercept Intercept 

 No Trend No Trend No Trend Trend Trend 

Trace 0 0 0 0 0 

Max-Eig 0 0 0 0 0 

      
       *Critical values based on MacKinnon-Haug-Michelis (1999)  

 

Phase 2 

Selected (0.05 level*) 

Number of 

Cointegrating Relations 

by Model      

      
      Data Trend: None None Linear Linear Quadratic 

Test Type No Intercept Intercept Intercept Intercept Intercept 

 No Trend No Trend No Trend Trend Trend 

Trace 0 1 1 1 3 

Max-Eig 0 1 1 1 1 

      
       *Critical values based on MacKinnon-Haug-Michelis (1999)  
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Date: 05/01/13   Time: 22:14   

Sample (adjusted): 5/14/2010 4/15/2013  

Included observations: 762 after adjustments  

Trend assumption: No deterministic trend (restricted constant) 

Series: LNCHS LNDJ LNSP    

Lags interval (in first differences): 1 to 3  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.034872  36.54781  35.19275  0.0355 

At most 1  0.009486  9.500861  20.26184  0.6886 

At most 2  0.002933  2.238201  9.164546  0.7300 

     
      Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.034872  27.04695  22.29962  0.0101 

At most 1  0.009486  7.262660  15.89210  0.6374 

At most 2  0.002933  2.238201  9.164546  0.7300 

     
      Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

 Unrestricted Cointegrating Coefficients (normalized by 

b'*S11*b=I):  

     
     LNCHS LNDJ LNSP C  

-14.69389  19.14945 -14.34503  80.48142  

 2.279572  8.597830  2.005437 -78.72296  

-1.423474  3.473888 -2.895143  10.10535  

     
          

 Unrestricted Adjustment Coefficients (alpha):   

     
     D(LNCHS)  0.002413  0.000286  0.000112  
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D(LNDJ)  0.000734 -0.000609 -0.000349  

D(LNSP)  0.000148 -0.000778  0.000406  

     
          

1 Cointegrating Equation(s):  Log likelihood  7026.034  

     
     Normalized cointegrating coefficients (standard error in parentheses) 

LNCHS LNDJ LNSP C  

 1.000000 -1.303225  0.976258 -5.477202  

  (0.16922)  (0.15226)  (1.06397)  

     

Adjustment coefficients (standard error in parentheses)  

D(LNCHS) -0.035460    

  (0.00707)    

D(LNDJ) -0.010779    

  (0.00524)    

D(LNSP) -0.002172    

  (0.00588)    

     
          

2 Cointegrating Equation(s):  Log likelihood  7029.665  

     
     Normalized cointegrating coefficients (standard error in parentheses) 

LNCHS LNDJ LNSP C  

 1.000000  0.000000  0.951473 -12.93894  

   (0.44050)  (3.15683)  

 0.000000  1.000000 -0.019018 -5.725597  

   (0.33037)  (2.36761)  

     

Adjustment coefficients (standard error in parentheses)  

D(LNCHS) -0.034808  0.048673   

  (0.00715)  (0.01010)   

D(LNDJ) -0.012167  0.008811   

  (0.00529)  (0.00747)   

D(LNSP) -0.003945 -0.003856   

  (0.00594)  (0.00839)   
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Appendix 8: Error Correction Model 

 

Phase 2 

 Vector Error Correction Estimates  

 Date: 05/01/13   Time: 22:15  

 Sample (adjusted): 5/14/2010 4/15/2013 

 Included observations: 762 after adjustments 

 Standard errors in ( ) & t-statistics in [ ] 

    
    Cointegrating Eq:  CointEq1   

    
    LNCHS(-1)  1.000000   

    

LNDJ(-1) -1.301943   

  (0.16920)   

 [-7.69492]   

    

LNSP(-1)  0.977330   

  (0.15224)   

 [ 6.41981]   

    

C -5.502122   

    
    Error Correction: D(LNCHS) D(LNDJ) D(LNSP) 

    
    CointEq1 -0.035633 -0.010197 -0.003111 

  (0.00714)  (0.00529)  (0.00594) 

 [-4.99043] [-1.92869] [-0.52390] 

    

D(LNCHS(-1)) -0.055353 -0.092574  0.052707 

  (0.03627)  (0.02686)  (0.03016) 

 [-1.52605] [-3.44704] [ 1.74747] 

    

D(LNCHS(-2)) -0.021246 -0.025087  0.036690 

  (0.03642)  (0.02697)  (0.03029) 

 [-0.58335] [-0.93029] [ 1.21145] 

    

D(LNCHS(-3))  0.023869 -0.025782  0.038837 

  (0.03600)  (0.02665)  (0.02994) 

 [ 0.66304] [-0.96728] [ 1.29736] 
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D(LNDJ(-1)) -0.005607 -0.292654 -0.059063 

  (0.05043)  (0.03734)  (0.04194) 

 [-0.11117] [-7.83730] [-1.40834] 

    

D(LNDJ(-2)) -0.111838 -0.121108 -0.004781 

  (0.04792)  (0.03548)  (0.03984) 

 [-2.33404] [-3.41368] [-0.11999] 

    

D(LNDJ(-3)) -0.020046 -0.035491 -0.026286 

  (0.03282)  (0.02430)  (0.02729) 

 [-0.61071] [-1.46037] [-0.96305] 

    

D(LNSP(-1))  0.184326  0.987721 -0.061429 

  (0.04426)  (0.03277)  (0.03681) 

 [ 4.16426] [ 30.1379] [-1.66892] 

    

D(LNSP(-2))  0.257146  0.606481  0.131254 

  (0.06579)  (0.04871)  (0.05471) 

 [ 3.90859] [ 12.4505] [ 2.39917] 

    

D(LNSP(-3))  0.094963  0.165461 -0.109718 

  (0.06709)  (0.04967)  (0.05579) 

 [ 1.41546] [ 3.33094] [-1.96667] 

    

C -0.000255 -0.000406  0.000432 

  (0.00048)  (0.00036)  (0.00040) 

 [-0.52712] [-1.13439] [ 1.07548] 

    
     R-squared  0.092318  0.583442  0.037624 

 Adj. R-squared  0.080231  0.577895  0.024810 

 Sum sq. resids  0.132672  0.072732  0.091741 

 S.E. equation  0.013291  0.009841  0.011053 

 F-statistic  7.638189  105.1869  2.936048 

 Log likelihood  2216.636  2445.654  2357.192 

 Akaike AIC -5.789070 -6.390167 -6.157985 

 Schwarz SC -5.722147 -6.323244 -6.091062 

 Mean dependent -6.17E-05  0.000214  0.000385 

 S.D. dependent  0.013859  0.015147  0.011192 

    
     Determinant resid covariance (dof 

adj.)  2.05E-12  

 Determinant resid covariance  1.96E-12  

 Log likelihood  7027.148  
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 Akaike information criterion -18.34947  

 Schwarz criterion -18.13045  

    
    

Appendix 9: VAR Model 

 

Phase 1 

 Vector Autoregression Estimates  

 Date: 04/29/13   Time: 21:36  

 Sample (adjusted): 1/24/2007 5/07/2010 

 Included observations: 858 after adjustments 

 Standard errors in ( ) & t-statistics in [ ] 

    
     DLNCHS DLNDJ DLNSP 

    
    DLNCHS(-1) -0.000663 -0.017824 -0.017330 

  (0.03448)  (0.01901)  (0.02579) 

 [-0.01923] [-0.93758] [-0.67200] 

    

DLNCHS(-2) -0.002484  0.026191  0.013230 

  (0.03440)  (0.01896)  (0.02573) 

 [-0.07221] [ 1.38110] [ 0.51429] 

    

DLNCHS(-3)  0.059016  0.018925 -0.027311 

  (0.03439)  (0.01896)  (0.02572) 

 [ 1.71630] [ 0.99832] [-1.06206] 

    

DLNCHS(-4)  0.064207  0.010914 -0.037762 

  (0.03445)  (0.01899)  (0.02577) 

 [ 1.86359] [ 0.57459] [-1.46557] 

    

DLNCHS(-5) -0.039627  0.004570  0.002556 

  (0.03429)  (0.01890)  (0.02564) 

 [-1.15574] [ 0.24178] [ 0.09970] 

    

DLNDJ(-1)  0.003834 -0.393249 -0.084122 

  (0.06287)  (0.03466)  (0.04701) 

 [ 0.06098] [-11.3465] [-1.78927] 

    

DLNDJ(-2) -0.069894 -0.098712  0.017213 

  (0.06747)  (0.03719)  (0.05045) 
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 [-1.03599] [-2.65398] [ 0.34117] 

    

DLNDJ(-3) -0.074900 -0.084652  0.080412 

  (0.06652)  (0.03667)  (0.04975) 

 [-1.12592] [-2.30823] [ 1.61636] 

    

DLNDJ(-4) -0.043587  0.057997 -0.053362 

  (0.05379)  (0.02965)  (0.04023) 

 [-0.81033] [ 1.95582] [-1.32657] 

    

DLNDJ(-5)  0.106314 -0.026242  0.022448 

  (0.04326)  (0.02385)  (0.03235) 

 [ 2.45785] [-1.10047] [ 0.69393] 

    

DLNSP(-1)  0.114976  0.671342 -0.140712 

  (0.04615)  (0.02544)  (0.03451) 

 [ 2.49163] [ 26.3896] [-4.07749] 

    

DLNSP(-2)  0.209627  0.720404 -0.044452 

  (0.06291)  (0.03468)  (0.04704) 

 [ 3.33242] [ 20.7732] [-0.94491] 

    

DLNSP(-3)  0.119873  0.258572  0.068749 

  (0.07744)  (0.04269)  (0.05791) 

 [ 1.54798] [ 6.05672] [ 1.18713] 

    

DLNSP(-4)  0.083703  0.061056 -0.066344 

  (0.07785)  (0.04292)  (0.05822) 

 [ 1.07524] [ 1.42268] [-1.13961] 

    

DLNSP(-5)  0.104787  0.009028 -0.008197 

  (0.06872)  (0.03789)  (0.05139) 

 [ 1.52475] [ 0.23828] [-0.15949] 

    

C  0.000531 -0.000354 -0.000314 

  (0.00081)  (0.00045)  (0.00061) 

 [ 0.65599] [-0.79246] [-0.51843] 

    
     R-squared  0.050174  0.563071  0.052255 

 Adj. R-squared  0.033253  0.555287  0.035371 

 Sum sq. resids  0.470363  0.142957  0.263062 

 S.E. equation  0.023635  0.013030  0.017676 
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 F-statistic  2.965188  72.33916  3.094981 

 Log likelihood  2003.849  2514.772  2253.148 

 Akaike AIC -4.633681 -5.824644 -5.214797 

 Schwarz SC -4.545017 -5.735980 -5.126133 

 Mean dependent  0.000464 -0.000503 -0.000293 

 S.D. dependent  0.024038  0.019539  0.017997 

    
     Determinant resid covariance (dof 

adj.)  2.92E-11  

 Determinant resid covariance  2.76E-11  

 Log likelihood  6777.738  

 Akaike information criterion -15.68703  

 Schwarz criterion -15.42104  
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Appendix 10: Granger Causality Test  

Phase 1 

Pairwise Granger Causality Tests 

Date: 04/29/13   Time: 21:39 

Sample: 1/16/2007 5/07/2010 

Lags: 5   

    
     Null Hypothesis: Obs F-Statistic Prob.  

    
     DLNDJ does not Granger Cause 

DLNCHS  858  3.44920 0.0043 

 DLNCHS does not Granger Cause DLNDJ  0.78496 0.5606 

    
     DLNSP does not Granger Cause 

DLNCHS  858  5.30572 8.E-05 

 DLNCHS does not Granger Cause DLNSP  1.20934 0.3027 

    
     DLNSP does not Granger Cause DLNDJ  858  204.286 8E-143 

 DLNDJ does not Granger Cause DLNSP  2.42509 0.0340 

    
     

Phase 2 

Pairwise Granger Causality Tests 

Date: 04/29/13   Time: 21:59 

Sample: 5/10/2010 4/15/2013 

Lags: 4   

    
     Null Hypothesis: Obs F-Statistic Prob.  

    
     DLNDJ does not Granger Cause 

DLNCHS  761  6.70311 3.E-05 

 DLNCHS does not Granger Cause DLNDJ  1.72333 0.1429 

    
     DLNSP does not Granger Cause 

DLNCHS  761  11.0316 1.E-08 

 DLNCHS does not Granger Cause DLNSP  1.65881 0.1577 

    
     DLNSP does not Granger Cause DLNDJ  761  252.966 1E-137 

 DLNDJ does not Granger Cause DLNSP  0.88582 0.4719 

    
     

 

 


