
1 

 

  

THE GRIFFITH BUSINESS SCHOOL 

DEPARTMENT OF ACCOUNTING, FINANCE, AND ECONOMICS 

Nathan, Queensland, Australia 4111 

 

Financial Integration: Pervasiveness, Effect of 

Culture and Impact on Policy Effectiveness 

Vikkram Singh 

MBA (York University, Canada) 

M.A Economics (University of Regina, Canada) 

 

 

Submitted in fulfillment of the requirements of the degree of 

Doctor of Philosophy 

October 2017 

 



2 

 

Abstract 

The studies in this thesis examine financial integration: its extent across regions and market cycles, 

how culture affects it and how the levels of market linkages impact the effectiveness of policy 

decisions during periods of market crisis. This investigation is undertaken in four separate but 

interrelated studies. 

 

The first study (Chapter 3) uses a novel approach, partial correlations within a complex network 

framework, to examine the degree of globalization and regionalization of stock market linkages and 

how these linkages vary across different economic or market cycles. The results show that geography 

influences network linkages differently across market cycles. During normal times, regional factors 

shape market linkages; however, during periods of turbulence, global rather than regional factors 

drive these linkages. Also, the network traffic increases during times of turmoil, but contrary to 

previous results, the results do not indicate a consistent or overwhelming increase in positive linkages 

between markets. Also, contrary to expectations, financial centers such as the US, China, Japan, and 

the UK command a greater regional rather than global influence. These findings have implications 

for portfolio management and policy decision-making. 

 

The second study (Chapter 4) examines linkages between stock markets across market cycles by 

combining network and cointegration analysis. The results show that long-run linkages are likely to 

be global rather than regional and that market turbulence increases linkages. However, no widespread 

common stochastic trends between markets are detected. Also, the major financial markets fail to 

influence long-run network linkages.  
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The third study (Chapter 5) conducts a comprehensive study on the effect of culture on stock market 

linkages. A quantile regression model uses data from 25 national stock markets to estimate the 

determinants of market linkages. It controls for distance, economic and legal variables while using 

culture variables such as language, religion, and Hofstede’s culture dimensions. The study tests 

whether the effects of culture hold across regions, in markets with higher liquidity, and if changes 

occur during periods of market crisis. The main conclusion is that culture preferences shape investor 

choices, which affects the integration between stock markets. Equity markets with similar cultural 

characteristics tend to increase market linkages; however, differences are observed across regions. 

Furthermore, liquidity and economic uncertainty does not impact the significance of culture variables 

as determinants of market linkages.  

 

The fourth study (Chapter 6) tests the hypothesis that policy interventions during periods of stress are 

less effective when markets are globally integrated. The tests are conducted in the context of the 

Chinese and Russian stock markets, which depict varying levels of linkages with the US market and 

were subject to policy interventions during the Global Financial Crisis. Using an event study in 

combination with dynamic conditional correlation and Markov regime switching methodology, a 

negative relationship exists between the degree of market linkages and the effectiveness of market 

interventions. The findings indicate that the market response in the Chinese market, which was less 

financially integrated with the US (than with Russia), was more effective. Thus, the study lends 

support to the hypothesis that policy interventions in equity markets become less effective when 

markets are integrated. This study is the first to investigate the impact of international market linkages 

on the effectiveness of stock market interventions. 
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The results from this research show that tighter market integration shapes the changing market 

networks due to structural changes and the forces of globalization. The dynamics of the market 

networks draw attention to the impact of contagion on market efficiencies, which has far-reaching 

negative consequences on policy decisions during periods of market crisis. Although these disruptive 

market crises are difficult to prevent, a deeper understanding of market networks can empower policy 

decision-makers in dealing with these fallouts. The financial networks can also have a far-reaching 

impact on arbitrage and portfolio risk management strategies. The findings of the research also 

highlight the role of behavioral variables such as culture, which affects not only the development of 

financial markets but also how the financial linkages are shaped.  
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1.1 Introduction 

 

The global financial market is evolving into a complex network of individuals, groups, and 

regulators working together in an intricate web of networks. The complexities in the financial 

networks are the result of increased integration between markets within and across common 

geographic regions. Although increasing market integration has improved global capital flow, it has 

also made the financial system vulnerable to market crisis.  The stock market crash of 2008, the 

Global Financial Crisis (GFC) in the US, and the ensuing global recession highlight the role of equity 

markets as a key driver of economic prosperity. Significant about this market crash was not only its 

effect on the US economy but also the negative sentiments and volatility it generated in the financial 

market, which were also transmitted across the border and affected other global markets.1 The spread 

of market losses after the initial impact in the US during the GFC drew attention to the volatility 

transmission accompanying such market collapses to other world financial markets. The crisis was 

unique as its impact on other markets was agnostic: the market crisis was transmitted to other global 

markets, irrespective of their economic links with the US market.  

 

The GFC event also highlighted the challenges that monetary policymakers around the world 

faced as they implemented policies to stem domestic market collapse, with less than stellar results. 

These policies ranged from direct types, such as purchasing shares directly in the equity markets, to 

indirect types such as bank bailouts and negotiated mergers and acquisitions. The success of these 

resource-intensive measures was much to be desired, as several of the stock markets continued their 

downward stride past the intervention period. The GFC exposed the fragility of the financial 

                                                           
1 The term “financial market” used in this thesis refers to the equity market, as the scope of the research is limited to 

equity markets. 
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surveillance and regulations, as policymakers and regulators were taken by surprise with the 

magnitude of the turbulence and struggled with the interventions.  Despite the localized measures, 

the continued fall of several markets in the period led to profound adverse reactions in the economy. 

The failure of decision-makers during the market crisis brings attention to the complex networks of 

financial markets, which tend to change dramatically in dimensions that are difficult to measure using 

traditional yardsticks. Not only are market linkages swayed by geographic and behavioral traits; the 

increase in globalization has led to the development of global linkages across geographic regions. 

The complex web of market ties also shows unmeasured reactions by market participants to volatility 

spikes during periods of market crisis. These new dynamics require a comprehensive analysis of these 

complex networks and also a deeper understanding of what shapes these networks. 

 

Despite the benefit of capital mobility and the efficiencies in the financial markets, the increase 

in financial ties or in global market integration brings forth some key challenges. First, integrated 

markets are likely to lose their independence. This challenges the theoretical aspects of finance such 

as the efficient market hypothesis (EMH), which is based on the assumption that market prices do 

not follow a predictable pattern because of the law of one price leading to integrated markets. The 

changing characteristics of the markets thus make them vulnerable to the global market crisis or to 

volatility transmission, as evident during the GFC. Integrated markets tend to move together during 

times of market crisis, decreasing the effectiveness of policy interventions as the volatility 

transmission becomes endemic, and taking the form of significant scale. Second, the increase in 

market linkages adversely impacts portfolio risk management strategies and reduces arbitrage 

opportunities. The traditional portfolio risk management strategies involve investing in global 

markets with weak correlations. However, integrated markets tend to move together during times of 

market crisis, making the portfolio strategies challenging to implement. 
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This research addresses several areas of weakness in the current literature on market 

integration. First, the finance literature lacks a cohesive approach to measuring market integration. 

While several studies use short-term correlation estimates to signify relationship, others test the 

hypothesis by estimating long-term trends. The use of cross-correlation is problematic, since the 

method does not allow for the measurement of direct linkages between two markets if influenced by 

a third market. Also, the use of a short time-period to measure long-term linkages poses 

methodological issues. The research, which addresses the shortcomings of cross-correlations by using 

partial correlations in Chapter 3 to remove the effects of the third variable, provides a better measure 

of linkages between two markets. The cointegration-based methods in Chapter 4 allow the estimation 

of long-run stochastic trends among markets. Thus, the empirical findings of these studies shed light 

on both the short- and the long-run market linkages. In addition, the research uses a longer time-series 

with a broad range of equity markets to improve both the levels of robustness to the measurement 

and the impact of financial integration. 

 

Second, a fundamental weakness in finance integration research is its focus on economic 

variables in estimating the determinants of market integration. Ignoring behavioral traits such as 

culture is problematic since such traits, known to impact the financial markets, are likely to influence 

the behavior of market participants and, in turn, the complex relationships between markets. Cultural 

dimensions are expected to exert a strong influence on market linkages, as investors’ choices of 

investments are likely to be affected by preferences for markets based on the similarity of behavioral 

traits. Furthermore, the phenomenon of home equity bias, which discourages investors from investing 

in foreign markets, alludes to the fact that behavioral determinants influence investors who shape 

markets. The failure to incorporate behavioral traits such as culture can thus result in an inadequate 

assessment of the factors which shape the complex financial market and its linkages. In Chapter 5, 
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the research uses a comprehensive quantile regression model that incorporates both economic and 

non-economic variables in estimating the determinants of market integration.  

 

Third, few empirical studies test the role of market integration or the linkages on the 

effectiveness of policy instruments during times of market crisis. Those considered in Chapter 6 

assess the effectiveness of market interventions, but none provides a comparative analysis using 

market linkages. Given the magnitude of global market interventions during periods of crisis, it is 

important to assess not only the effectiveness but also the factors which influence the success or 

failure of these actions. The study in Chapter 6, which has a novel approach for estimating the 

effectiveness of policy interventions in China and Russia during the GFC uses econometric 

techniques such as an event study, dynamic conditional correlations (DCC) and the Markov regime 

switching (MRS) method. This is an important area to consider, as insights from this study can assist 

policymakers in assessing financial exposures and vulnerabilities in the markets, and improving 

policy responses during periods of market crisis.  

 

Several gaps in the literature are addressed in the four studies included in this thesis. The first 

study (Chapter 3) uses partial correlations in a complex financial framework to estimate the levels of 

global and regional linkages between various stock markets, and to find how market cycles influence 

these linkages. The results indicate that regional characteristics shape linkages in financial networks 

during periods of normal market activity, while global factors impact these relationships during 

periods of turbulence. Market turmoil also has a direct influence on increasing network traffic or 

linkages between markets signifying transmission of volatility or contagion. However, neither a 

consistent nor an abnormal increase in positive correlations between markets is validated; despite the 
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economic importance of financial centers such as the US, China. Japan and the UK, their influence 

on linkages is mainly confined to regional rather than global networks.  

 

The second study (Chapter 4) furthers the financial network analysis by estimating the long-

run linkages between the markets. The results show that although long-run linkages are not 

widespread, few markets display global common stochastic trends. Regionally, the Asia-Pacific 

reports strong regional market ties, compared to the markets in Europe and the Americas. The study 

also tests the role of the large financial centers in shaping long-run linkages, but fails to find such an 

influence, other than the strong regional influence exerted by the UK. Similar results in the second 

study show that market turbulence disrupts the long-run stochastic trends due to a rapid increase in 

market volatility, leading to negative sentiments across financial markets.  

 

Several existing studies link market linkages to quantitative factors such as trade intensity and 

common monetary unions; however, they ignore qualitative variables such as culture and religion. 

The third study (Chapter 5) examines the impact of cultural distance on stock market linkages. The 

results can help identify if culture distance is a deterrent to international market linkages, as well as 

what the nature of these natural barriers is. A baseline model is used to incorporate culture variables, 

such as language, religion and Hofstede’s measures of culture distance such as power distance, 

individualism, masculinity, uncertainty avoidance, pragmatism and indulgence, with other variables, 

to assess the determinants of market correlations. The control variables used are trade, legal, gross 

domestic product (GDP) and geographic distance. The model is used to determine if the determinants 

are time-variant, varying over regions such as the Asia-Pacific, Americas, and Europe. The results 

show that culture variables are significant determinants of market linkages and have a greater 

influence on Asia-Pacific markets than on those in Europe and the Americas. The time-variant 
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analysis shows that market crisis events do not affect the significance of culture variables. Also, 

higher market liquidity fails to diminish the effect of culture on market linkages: market efficiency 

in the form of liquidity fails to remove the behavioral traits in market mechanisms.  

 

The fourth study (Chapter 6) assesses the role of market linkages in influencing the 

effectiveness of monetary and regulatory policy in China and Russia during times of crisis such as 

the GFC. Results using several methods such as an event study, DCC, and the MRS model show that 

the degree of market linkages negatively impacts the effectiveness of market intervention policies. 

The Chinese market interventions were successful because the Chinese authorities have greater 

control over their financial markets, and because of the greater magnitude and adequate timings of 

the intervention measures. Russia offers the opposite results: the measures lacked the required timing 

and breadth to revive the collapsing equity market. The Chinese market intervention corresponded to 

lower linkages with the US market where the GFC originated. Thus, these results support the 

hypothesis that market linkages pose serious challenges to policymakers in influencing financial 

markets during times of crisis. 

 

 

1.2  Motivation 

 

Integration between markets is an important area of focus, both in finance literature and for 

investors and policymakers for three main reasons. First, integrated markets signify efficiencies in 

the financial markets that have a free flow of available information to the market participants. Such 

markets provide investors and investment projects with easy access to capital, allowing companies 
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to raise capital in the global markets. However, integrated markets can also negatively impact 

portfolio diversification efforts, since arbitrage eliminates any market abnormalities due to the law 

of one price. This is because integrated markets remove any barriers to information for market 

participants, allowing them to avail themselves of any short-term arbitrage opportunities. Linkages 

between the markets are also likely to change during periods of market crisis, which can have 

implications for arbitrage and risk optimization opportunities. For example, contagion can lead to 

unrelated markets moving together, eliminating investment opportunities for arbitrage and risk 

management. Given that integrated markets provide ease of capital movement to investors, the 

disrupted market mechanism during a market crisis distorts the capital flow and can be a significant 

deterrent to regular business activity. It is therefore important to examine the linkages over time and 

across a broad range of markets to get a deeper understanding of how the financial networks operate. 

 

Second, market linkages caused by behavioral factors such as culture can distort market 

mechanisms during a market crisis, resulting in the phenomenon of herding. The noneconomic 

variables can have an impact on how the markets are integrated, and on how the markets with weaker 

economic linkages move during times of market crisis. For example, markets sharing common 

cultural traits, irrespective of trade ties, can collectively decline during a market crisis. Investigating 

the role of behavioral determinants such as culture can also shed light on the state of market 

efficiency: according to the law of one price, efficient markets are expected to be integrated, 

irrespective of behavioral similarities of market participants. Thus, it becomes necessary to identify 

the determinants of market linkages using a comprehensive model with traditional variables such as 

trade intensity along with noneconomic variables such as culture distance, language, and religion.  
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Lastly, financial integration poses a paradox for policymakers. Historically, policy initiatives 

are aimed at eliminating barriers to trade and capital mobility and, ultimately, at developing financial 

markets. However, these measures also increase financial linkages and their accompanying side-

effects. As evident during global market crisis events, integrated markets are vulnerable to market 

crises originating from other markets. Contagion or volatility transmission, which poses an enormous 

risk to the integrity of the financial markets, causes not only market declines but also adversely 

impacts economic growth, as evident during the GFC. The government interventions during times of 

crisis to counter market volatility is controversial as it can disrupt market efficiency and promote 

moral hazard while at the same time are needed to prevent market crisis turning into an economic 

recession. Insights into market integration and the evolving financial networks during times of market 

crisis are of vital importance to policymakers and regulators in dealing with such events. Not only 

are the market interventions resource intensive, they also have the potential of disrupting market 

efficiencies. It becomes necessary for policymakers to understand the impact of global and local 

factors before devising policies. Insights into the complex networks of market linkages can assist in 

the timing and intensity of these policy measures. Thus, the motivation to look more closely at the 

area of financial integration requires three factors – accurately assessing the complexity in financial 

networks, identifying what causes markets to integrate and evaluating how these linkages impact the 

effectiveness of policy intervention measures.  

 

Significantly, the need to study market integration also arises due to the gaps in current 

literature in this topic. The current research supports the evidence that financial markets exhibit 

increasing levels of financial integration. However, widely used methods such as cross-correlation 

fail to exclude the effects of other equity indices on the relationship. Furthermore, the literature fails 

to incorporate the complexities related to the dynamic nature of financial networks in measuring these 
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relationships. The use of partial correlation overcomes this shortcoming by isolating the impact of 

other indices on the correlation structure. The use of networks based on partial correlations also 

allows the mapping of market linkages and the identification of how clusters evolve over various 

market cycles. Unlike the pairwise or binary association, networks provide a useful representation of 

the evolving financial systems. They allow for the use of various visualization techniques to map the 

changes in networks and to identify the formation of clusters over time and across geographic regions.  

 

The network approach can also be extended using a novel approach of a combination of 

network and cointegration analysis for examining linkages between stock markets across market 

cycles. The identification of complex networks can assist policymakers in devising market 

intervention policies to stem a contagion-type effect through their understanding of the networks 

between related and unrelated markets. The identification of direct linkages, along with the long-term 

stochastic trends, can also assist portfolio managers in risk optimization strategies and in helping 

investors use available arbitrage strategies.  

 

Another research gap relates to identifying the noneconomic determinants of market linkages. 

Culture dimensions are expected to exert a strong influence on market linkages as investors’ choices 

of investments are likely to be affected by preferences for markets, based on the similarity of 

behavioral traits. This expectation is based on the home equity bias, which has been identified as a 

significant barrier to domestic investors investing in foreign equity. The current literature ignores the 

role of culture variables, even though it does recognize that culture plays a role in the development 

of financial markets and in the existence of investor bias against foreign investments. Being able to 

determine what shapes financial linkages is important to policymakers: a deeper understanding of 

market linkages would allow them to deal better with market crisis events.  
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Furthermore, few studies in the current literature examine the impact of market linkages on the 

effectiveness of local interventions during periods of market crisis. This is an area of immense interest 

for policymakers, as market interventions involve significant investment by authorities and can 

distort market efficiencies. The failure of market intervention policies can also lead to adverse 

economic effects. Increased financial integration has impacted financial networks, making them 

vulnerable to foreign shocks. Examination of past interventions can shed light on factors such as the 

timing and the intensity affecting the success and failures of these market intervention efforts. 

 

To summarize, the motivation to study the area of market integration is derived from two main 

factors: being able to address the weakness in the current literature, and providing a novel approach 

to measuring linkages, their causes and the impact of such dynamic market relationships on policy 

intervention measures.  

 

 

1.3 Research Questions  

 

This research answers one main research question: How have linkages between financial 

markets evolved and impacted the effectiveness of intervention policies during the market crisis 

events?  

 

This question raises three main sub-questions: 

1. Are stock markets linked regionally or globally, and are they characterized by short-run 

linkages or long-run stochastic trends?  

2. Are market linkages shaped by qualitative variables such as culture?  
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3. How do market linkages affect the effectiveness of monetary and regulatory policy during 

market contagion? 

 

These three research questions are investigated and answered in Chapters 3 and 4, 5, and 6. 

First, in Chapter 3, a partial correlation method is used within a complex network framework to 

examine the levels of globalization and regionalization of stock markets and how these linkages vary 

across different economic or market cycles. Then the markets are grouped into three regions, Europe, 

Americas, and the Asia-Pacific, to check if these linkages are regional or global. In particular, the 

research explores the role of traditional markets such as the US, Japan, and the UK, along with the 

newly emerged economic world power, China, to determine if the market linkages between them and 

other markets are time-varying. The period is divided into five sub-periods to isolate the effects of 

the early 2000 and 2008 recessions. Furthermore, the hierarchical clustering method is used to 

construct the networks using partial correlation coefficients. The financial networks are estimated to 

shed light on time-variant changes and to measure if prominent financial markets impact the financial 

linkages. In Chapter 4, the data is grouped into two periods to measure long-run cointegration-type 

relationships during periods of calm and turbulence.  

 

Second, in Chapter 5, the determinants of market linkages are investigated using a 

comprehensive quantile regression model, incorporating qualitative determinants such as culture and 

religion along with economic variables such as trade intensity. The impact of culture on linkages is 

assessed to observe if the ties matter more in particular regions. A novel way of assessing regional 

biases is by classifying markets according to culture blocs, to determine if collective identity has any 

impact on market linkages. A time-variant analysis is used to identify any change in the significance 

of the determinants over time, especially during times of market crisis. Furthermore, the role of 
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market liquidity is taken into account by grouping markets into active and thin markets, which helps 

in assessing the effect of liquidity on culture variables.  

 

Third, the impact of these market linkages on the effectiveness of policy interventions is 

captured in Chapter 6. An event study methodology is used to determine the efficiency of the 

interventions during market turbulence, especially when contagion takes place between related and 

unrelated markets. In particular, the effects of contagion are assessed using markets from Russia and 

China. Also, the role of market linkages behind contagion events is explored using the dynamic 

conditional correlations – generalized autoregressive conditional heteroscedasticity (DCC-GARCH) 

model. Finally, the MRS model is used to evaluate the timing and the intensity of the market 

interventions. Given the lack of literature on this topic, the findings not only bridge the gap in 

literature but also provide valuable insights to practitioners and policymakers. 

 

 

1.4 Contributions 

 

The contributions of this research are threefold. First, it adds to the literature on financial 

integration by addressing several areas of shortcomings in the current literature. Second, it provides 

valuable insights into the complex financial networks for finance practitioners, to assist them in 

portfolio risk optimization and arbitrage opportunities. Third, the findings of the research can help 

policymakers and regulators improve the effectiveness of intervention during times of market crisis. 

The following sub-sections explain these contributions in further depth. 
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1.4.1 Contribution to Literature 

 

The research provides a significant contribution to the existing literature on market linkages 

and their impact on global financial networks and effectiveness of interventions during the market 

crisis. Chapter 3 estimates the financial networks, a collection of nodes and linkages between various 

global equity markets, based on partial correlations. To the best of my knowledge, there are few such 

attempts to construct global networks between market indices using partial correlations in the current 

literature. Although a few studies such as Shapira et al. (2009) and Kenett et al. (2010, 2015) use 

partial correlations, they limit their analysis to the relationship between individual stocks rather than 

between equity indices. Furthermore, constructing networks based on partial correlations allows 

mapping of the market linkages and identification of how clusters evolve over various market cycles. 

The use of network density measures allows for the measurement of increases in network traffic 

during times of market crisis. Chapter 4 furthers the investigation into the measurement of financial 

integration by estimating cointegration networks or long-run linkages between markets. The 

cointegration based measures overcome the deficiencies of cross-correlations such as two markets 

depicting unstable time-variant correlations due to underlying long-term relationships (Hatemi-J and 

Roca, 2006). The cointegration financial networks offer several benefits, such as the ability to 

visualize the complex linkages, and do not require a pre-determined number of clusters as an initial 

parameter.  

 

The finance literature alludes to the significant impact of the primary financial centers on the 

global financial system. Several studies identify the role of prominent financial markets such as the 

US, the UK, Japan and China in swaying global market linkages (Ng, 2000; Bayoumi and Bui, 2002; 

Chan-Lau and Ivaschenko, 2003). In particular, the role of the largest global financial market, the 
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US, is validated by studies such as that by Canerella et al. (2008), who find the transmission of 

volatility, during periods of market crisis, from the US to the regional NAFTA markets. Several other 

studies identify linkages between the US and other markets in the Americas (Johnson and Soenen, 

2003), Germany (Baur and Jung, 2006) and Latin America (Fernández-Serrano and Sosvilla-Rivero, 

2003; Lahrech and Sylwester, 2011). Recent studies by Shu et al. (2015) and Arslanalp et al. (2016) 

document China’s growing influence on Asian financial markets, such as its financial spillover to 

regional markets due to rising trade relationship. Investigation in Chapters 3 and 4 of how the major 

financial centers (the US, Japan, the UK, and China) shape the global and regional networks is another 

area of innovation, since the current literature does not differentiate between such networks.  

 

Although a few studies (e.g., Roy and Sarkar, 2011; Hu et al., 2013) apply network analysis to 

financial markets, to the best of my knowledge, the study in Chapter 4 is the first to estimate common 

stochastic trends or cointegration within a network framework. The study uses a novel approach to 

analyze long-run cointegration-type linkages between markets using a network framework. A few 

studies, such as those by Chung and Liu (1994) and by Yang et al. (2014), measure cointegration 

between global markets; however, they suffer from a small sample bias, especially when accounting 

for market crisis lasting for a short period. The use of longer weekly data addresses this shortcoming 

of the literature. The data is further divided into two periods, corresponding to the periods of calm 

and turbulence, to observe the change in linkages. The ability to compare the relationships over the 

two periods can help determine if long-run relationships break down during times of market turmoil. 

The use of partial correlation and cointegration networks also allows for easier depiction of the 

complexities of the evolving financial systems, which is hard to visualize using traditional methods 

such as cross-correlation (Vodenska et al., 2016). 
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Furthermore, several of the current works on market linkages conclude that the markets are 

integrated by testing their results based on one market crisis period but ignoring the post-crisis period 

(Wang and Moore, 2008; Phuan et al., 2009; Zhang et al., 2013; Toyoshima and Hamori, 2013; Yang 

et al., 2014). This is problematic: it can lead to wrong conclusions about market linkages, as it cannot 

accurately depict how these market linkages evolve. The study in Chapter 3 uses 18 years of data 

encompassing two major recessions (early 2000 and 2008) to estimate the trends and changes in 

market linkages before, during and after these two crises. The changes in linkages in these periods 

are necessary to test, since the change in correlations before, during and after the market shocks can 

differentiate between market contagion or interdependence. Furthermore, the study estimates cross-

regional partial correlations to measure changes in inter-regional market linkages. 

 

Most of the available literature accepts the hypothesis that globalization of financial markets is 

steadily growing across the world. However, few studies attempt to understand if globalization and 

its byproduct, the integration of financial markets, constitute a homogeneous phenomenon or if, on 

the contrary, globalization effects are stronger in some markets than in others, indicating regional 

instead of global integration. The existing literature mainly tests the linkages in specific regions 

characterized by monetary and trade unions (Morana and Beltratti, 2008; Wang and Moore, 2008; 

Phuan et al., 2009; Yeoh, 2010; Toyoshima and Hamori, 2013; Zhang et al., 2013). By limiting the 

analysis to markets from common geographic regions, these studies fail to demonstrate that markets 

are linked across geographic regions. To overcome this shortcoming, data from 25 markets across 

three broad global regions (Americas, Europe, and the Asia-Pacific) are used in Chapters 3 and 4 to 

assess how these market linkages differ not only in but also across regions. Such investigation can 

delineate between the globalization and regionalization of financial markets. 
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The contribution of behavioral variables such as culture, although evident in swaying investor 

preferences, is mostly missing in current literature identifying the determinants of market linkages. 

Most of the studies in this area limit themselves to economic determinants and do not take into 

account behavioral variables such as culture, language, and religion (Stahl and Voigt, 2003; Stafford 

and Miles, 2013). The evidence of a home equity bias in the investor preference for domestic markets 

is supported by several studies (Hogg and Abrams, 1988; French and Poterba, 1991; Cooper and 

Kaplanis, 1994; Tesar and Werner, 1995; Lewis, 1999; Grinblatt and Keloharju, 2001; Baele et al., 

2004; Nieuwerburgh and Veldkamp, 2009; Beugelsdijk and Frijns, 2010). Some studies document 

the role of behavioral traits such as culture in the development of financial markets (e.g., De Jong 

and Semenov, 2002; Pirouz and Graham, 2010; Dutta and Mukherjee, 2011). The study in Chapter 5 

makes a significant contribution to this literature by assessing the role of culture: it analyzes whether 

variables such as Hofstede’s culture dimensions, or religion, or language shape market linkages. 

 

 Another novel contribution of this research is its investigation of the impact of market 

integration on the effectiveness of policy intervention in stock markets in the context of the equity 

markets of China and Russia (see Chapter 6). Given the different linkages with the US market, as 

well as their varying degrees of success regarding their interventions, stock markets in these two 

countries serve as excellent natural “laboratories” to test the impact of global integration on the 

effectiveness of policy interventions in equity markets. Although China depicted strong economic 

ties with the US, it lacked the financial linkages with the US as illustrated by the DCC estimates; on 

the contrary, Russia reported substantial financial ties despite weaker economic linkages with the US. 

A few studies on the effectiveness of policy interventions in markets include those related to the 

Asian (Cheng et al., 2000; Su et al., 2002) and the Latin American crises (Rakshit, 2002; Corbacho 

et al., 2003). However, none of these studies systematically test this hypothesis about equity markets. 
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Three reasons emerge for the importance of measuring the impact of linkages on market 

interventions. First, market interventions are necessary because market crashes lead to economic 

turmoil and a decline in welfare. At the same time, these interventions are costly and can disrupt 

market efficiencies and encourage moral hazard problem. Thus, it is important for policymakers to 

ensure that the responses are timed correctly and are of the required intensity: do they correspond to 

the periods of market volatility and are they substantial enough to improve market sentiments and 

reduce volatility? Second, the policy measures are mostly reactionary, so there is a need to develop 

built-in preventative measures in the financial systems. The current measures are based on localized 

efforts, taking local dynamics into account. However, given the rapid increase in market linkages, 

global factors also need to be considered. Third, and most importantly, the interventions need to be 

enacted in a global context because of the increase in foreign volatility during such events. In turn, 

policy coordination between monetary authorities and regulators requires improved knowledge about 

the complex financial networks.  

 

 

1.4.2 Contributions to Finance Practitioners 

 

 The findings regarding the state of financial networks are valuable for finance practitioners 

who have an interest in international portfolio risk optimizing and global arbitrage investment 

opportunities. According to a study by Driessen and Laeven (2007), investors in both developing and 

developed markets can benefit from international portfolio diversification. Studies allude to the fact 

that segmentation in markets is attractive for portfolio investment strategies, although they can come 

under threat if markets continue to integrate or to display higher linkages during a crisis period 

(Bekaert and Harvey, 1995; Chambet and Gibson, 2008; Jayasuriya et al., 2009). A more in-depth 
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insight into the market linkages using partial correlation-based network analysis can assist portfolio 

managers to understand how direct linkages between equity markets shape over time, especially 

during times of market crisis (Chapter 3). Time-variant analysis to estimate the dynamic nature of 

financial networks during periods of distress can assist portfolio managers in risk optimizing their 

portfolios and in identifying predictable patterns in asset returns for trading opportunities 

(Esmalifalak et al., 2015). For example, weak correlations between indices allow for investment 

opportunities, which are likely to decline during a market crisis, when all markets can move 

downwards due to negative sentiments and contagion. Although long-run stochastic trends can 

eliminate portfolio opportunities, any short-run deviations can offer such temporary opportunities. 

 

 The study in Chapter 4 furthers the understanding of market linkages through the identification 

of long-run linkages. It uses a network framework, which allows for the use of visualization 

techniques in analyzing the complex interrelationships amongst markets. This method can assist in 

the identification of a long-run stochastic trend which can help in portfolio diversification measures. 

If markets exhibit cointegration, these relationships can be disrupted in the short term, but are likely 

to converge to equilibrium eventually. The identification of significant determinants of market 

linkages, and how they change after market crisis events such as the GFC, can provide portfolio 

managers with insights into the dynamics of financial markets.  

 

 The process of identification of the determinants of market integration, reported in Chapter 5, 

uses a comprehensive model incorporating both economic and non-economic variables such as 

culture to identify the factors which impact market linkages. The results provide a rich understanding 

of the state of global financial networks, which can serve as useful information for market 

practitioners trying to diversify their portfolios globally, or can take advantage of market frictions for 
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arbitrage opportunities. Being able to understand the factors which shape the market linkages and the 

time-variant analysis can allow practitioners to source the right mix of global investments that will 

improve risk-adjusted asset returns. 

 

 

1.4.3 Contributions to Policy Decision-Making 

 

Traditionally, market intervention policies are reactionary to rapid declines in market prices 

(Furlong and Williams, 2006). Financial economic theory alludes to the fact the market prices are an 

aggregator of economic information from various market participants and can serve as a valuable 

guidance regarding the state of market efficiency (Roll, 1984). Hence, the policymakers are sensitive 

to dramatic changes in market prices. However, the use of market prices to determine if government 

intervention is required is controversial given the likelihood of encouraging moral hazard and 

disrupting market efficiency (Bond and Goldstein, 2015).  

 

The GFC is termed as the most severe financial crisis since the Great Depression (Duyan-Bump 

et al., 2013). The crisis triggered losses that spread across the financial system, due to the negative 

pressure on security prices and the closely connected financial institutions (Laeven and Valencia, 

2012). Some studies put the global losses at a figure of $15 trillion.2 The impact was global in scale, 

with 78 countries negatively affected by the crisis (Chandy et al., 2009). Several nations intervened 

in their markets, with US and European bailout accounting for $1.3 trillion and $2.8 trillion, 

respectively (Anderson et al., 2008). However, these localized interventions led to varying degrees 

                                                           
2 Source: https://blogs.wsj.com/economics/2012/10/01/total-global-losses-from-financial-crisis-15-trillion/, retrieved on 

Sep 1, 2017. 

https://blogs.wsj.com/economics/2012/10/01/total-global-losses-from-financial-crisis-15-trillion/
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of success and demonstrated the failure of financial surveillance and policy interventions measures. 

The policymakers and regulators across the globe were handicapped by the rapid change in the 

complex networks between markets due to their lack of understanding of the dynamics of the 

financial networks and their determinants. Conventional localized market interventions are based on 

the hypothesis that the decision-makers have the capacity and knowledge of the “fixes” required to 

stem the market losses. However, evidence shows that such measures are declining in their 

effectiveness due to the dynamic and complex nature of global and regional financial networks 

(Saleem, 2008; IMF, 2009; Khan and Batteau, 2011).  

 

Another issue to consider is that countries with fragile financial systems are especially prone 

to volatility and to reverses in capital flow during times of market crisis (Jain and Bhanumurthy, 

2005). According to Baele et al. (2004), a deeper understanding of the financial integration process 

is needed by regulators and policymakers, since the integration can impact the structure and stability 

of financial systems. Several other studies observe that the understanding of complex global financial 

networks can also help monetary and policymakers in preventing volatility spillover effects or 

financial contagion (IMF, 2008; Papademos, 2008; Trichet, 2008; Yam, 2006; Babecky et al., 2009). 

The stakeholders include not only individual countries’ monetary and regulatory authorities but also 

international bodies such as the International Monetary Fund (IMF) and the World Bank, which have 

mandates of maintaining international monetary stability. Given that the monetary policy 

transmissions mainly occur through the financial system, an understanding of the complex financial 

network is important for regulators and central bankers. Chapters 3 and 4 provide valuable insights 

into how global and regional factors influencing linkages can help decision-makers improve policy 

measures to prevent and mitigate financial crisis events.  
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Most of the available research on market integration does not examine whether regional or 

global factors impact market linkages (see, Toyoshima and Hamori, 2013; Zhang et al., 2013). The 

empirical differentiation between global and regional factors in the study in Chapter 3 can assist 

policymakers in devising strategies to prevent the market crisis from spilling over to their markets, 

especially those originating from unrelated global markets. That is, this can assist them to be able to 

understand if markets are linked regionally or globally. In particular, excluding the third market in 

evaluating the market linkages can differentiate between market interdependence and contagion. The 

study also adds to a critical area of the literature by investigating if major financial centers influence 

global and regional networks, as this could strengthen policy decisions. This is a significant 

contribution, since these financial centers can transmit volatility across borders to economically 

unrelated markets in the form of contagion. Furthermore, cluster analysis is used to explore complex 

financial networks by organizing them into partitioned, hierarchical and model-based clustering 

algorithms. The dynamic market linkages and clusters are then estimated to test the “robustness” of 

the markets when withstanding regional or global shocks. Such insights can contribute towards 

optimizing monetary and regularity initiatives during times of market crisis. Chapter 4 identifies the 

long-run stochastic trends in the financial networks, adding to the knowledge base of policy decision-

makers.  

 

The study in Chapter 5 makes a significant contribution to the existing literature by providing 

vital insights for practitioners and policymakers, regarding the market mechanism. The study 

contributes to the existing literature on market linkages by incorporating noneconomic variables such 

as culture, along with other variables, to discover if they impact market linkages. Given that the bulk 

of academic finance research has mostly avoided using behavioral variables in explaining market 

linkages, this research makes a vital contribution in this area. The use of a quantile regression instead 
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of OLS allows for the robustness of the model, as it focuses not only on conditional means but also 

on different quantiles that are suitable for financial data depicting fat tails. Better insights into the 

factors that shape market linkages can enable policymakers to evaluate if a market crisis originating 

from across the border is likely to spill over into the domestic market. The findings can thus assist 

decision-makers in better devising monetary and regulatory policies, especially during times of 

market crisis, by being able to understand the causes of these linkages. 

 

The study in Chapter 6, which estimates if the market linkages impact the effectiveness of the 

policy interventions during market crisis events, uses the GFC as an example. It adds to the literature 

by being the first study to explore the impact of market linkages on the effectiveness of the market 

intervention in two different markets. These empirical results can thus assist in the policy redesign 

efforts in light of the rapid changes in the market linkages. Event study methodology and DCC 

linkages are used to model how the ties impact the effectiveness of policy interventions. According 

to Hamilton (2009), isolating the impact of several interventions during the times of market crisis 

poses methodological issues. The use of event study method can resolve this concern. Such 

techniques, missing in the current literature, can provide valuable insights to policymakers regarding 

the impact of global volatility on local responses. Another innovative method, the MRS model, is 

used to evaluate the timing and intensity of the policy intervention measures; that is, how regimes of 

high volatility can be addressed while devising the policy measures. 
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1.5 Overview of Major Findings 

 

The research aims to investigate the nature of the market integration by assessing the nature of 

the linkages, market determinants and the impact on market intervention policies. The partial 

correlation results in Chapter 3 indicate that market sentiments rather than economic fundamentals 

affect time-variant linkages amongst financial markets. The network analysis illustrates that the 

network traffic increases during the market crisis but reverts to pre-crisis levels after the crisis is over. 

Thus, the findings validate the presence of contagion, in the form of volatility transmission, and rules 

out a general increase in market linkages.  

 

Furthermore, the results in Chapter 3 indicate that geographic factors are a significant influence 

on cross-border linkages during periods of normal market activity, with market clusters displaying 

geographical or regional traits. However, market crises disrupt these regional patterns as the clusters 

adopt global characteristics. The presence of a regional network is detected in the Americas and 

Europe while Asia-Pacific displays a global network. Also, the financial network in the Americas is 

stronger than in the other regions. Inter-regional networks were most prominent between Europe and 

the Americas during the GFC period due to the similar nature of the crisis in the banking sector in 

both regions. Interestingly, contrary to expectations, the broad equity markets such as the US, China, 

Japan and the UK displayed greater regional rather than global integration. Furthermore, the trend of 

growing linkages in financial systems fails to extend beyond times of market crisis, which can be 

attributed to contagion rather than market connectedness. Interestingly, the results show that, 

although most market pairs move together during a market crisis, several pairs move in the opposite 

direction. Thus, the markets continue to offer some risk diversification opportunities, contrary to the 

findings in those previous studies that find a decline in such opportunities during times of crisis. 
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The cointegration analysis in Chapter 4 shows that, despite the increasing globalization of 

financial markets, long-run linkages are not widespread. Although market linkages are likely to be 

global rather than regional, the networks in the Asia-Pacific report a higher local density. The results 

of investigating the role of prominent financial centers fail to accept the hypothesis that leading 

markets influence long-run global linkages, with one exception: the UK reports significant network 

traffic, especially during times of crisis. Also, the long-run stochastic trends are likely to break during 

times of turbulence, which may be attributed to the spread of market turmoil and volatility, leading 

to negative sentiments across markets.  

 

The determinants of market linkages in Chapter 5 indicate that both traditional measures such 

as trade and noneconomic variables such as culture distance, religion, and language impact market 

linkages. The culture variables display a greater significance on market ties in the Asia-Pacific region, 

followed by those in Europe and the Americas. Furthermore, culture variables are significant 

determinants of market linkages in periods of calm and of turbulence, implying that the volatility 

during times of turmoil does not impact the significance of culture as a determinant of market 

linkages. Even in markets with high trading volumes, these determinants continue to hold, which 

signifies that behavioral traits continue to distort market efficiency and to encourage irrational trading 

during times of market crisis.  

 

The results in Chapter 6 accept the hypothesis that market linkages reduce the effectiveness of 

market intervention policies during periods of market crisis. The hypothesis is tested by contrasting 

the events in Russia and China during the GFC period. The market response is favorable in China, 

which reports lower financial linkages with the US; the response fails to deliver the desired outcome 

in Russia. The success in China is attributed to three factors. First, the crisis in China, the result of 
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the “wake-up call” hypothesis, was due to the structural imperfections in the domestic market rather 

than to economic or financial weakness affecting other markets such as Russia. The Chinese policy 

of improving domestic sentiments and removing inefficiencies in investor behavior prevented further 

declines in its financial market. Second, the Chinese government maintained a tight control over the 

local market, so with the dominance of state-owned enterprises (SOE) in the local economy, it was 

able to prevent market and bank runs. Third, despite the strong trade relationships between China and 

the US, the Chinese financial market was not closely linked with the US, as displayed by the 

conditional correlations. This was instrumental in shielding the domestic market from volatility 

spillovers or contagion originating from the US market during the GFC period. On the other hand, 

the interventions in Russia failed as they lacked the correct timing and intensity, since the probability 

of a high-volatility regime continued after the end of the intervention period. Also, the Russian crisis, 

a byproduct of structural deficiencies in the economy, was due to their reliance on the oil and resource 

sector. Unlike the interventions in China, which aimed at improving domestic sentiments, the efforts 

in Russia lacked in this area. The Russian responses were limited to few measures and not extensive 

enough to stem the increase in volatility spikes during the post-intervention period. 
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1.6 Structure of the Thesis 

 

The thesis consists of seven chapters, detailed in Figure 1. The remainder of the thesis is organized 

as follows: 

 

 Chapter 2 provides the theoretical aspects of financial integration. The chapter defines financial 

integration and how it is measured; provides a literature review on market linkages in the 

developed and emerging market along with the US market and the time-variant characteristics of 

the linkages; explains the determinants of financial integration and describes the implications of 

financial integration and develops the hypothesis.  

 

 Chapter 3, the study on global and regional linkages using partial correlation and financial 

networks, provides (with Chapter 4) various measures of financial integration. The chapter, which 

estimates financial networks based on partial correlations, enables the mapping of market 

linkages and shows how clusters evolve over different market cycles. The study details the time-

variant financial and regional networks and illustrates how prominent markets such as China, the 

US, Japan and the UK influence these networks. It also provides details on how the network 

clusters form over the various time-periods. 

 

 Chapter 4 builds cointegration networks in financial markets. Using a novel approach, the 

research analyzes long-run market linkages with a network framework to test if regional factors 

shape linkages, if network traffic is affected by market turbulence and if the major financial 

markets such as China, Japan, the US and the UK impact networks across market cycles. 
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 Chapter 5 estimates the determinants of financial integration using a comprehensive quantile 

regression model with culture variables such as Hofstede’s culture dimensions, religion, and 

language along with other variables to measure the significance of determinants of market 

linkages. The research tests the hypothesis that the significance of culture as a determinant of 

market linkages is consistent across three geographic regions and various time-periods. 

Furthermore, the role of liquidity is taken into account to estimate its impact on the determinants. 

 

 Chapter 6, a study which details the impact of market linkages on the effectiveness of policy 

interventions during times of market crisis, tests the hypothesis that policy interventions during 

periods of stress are less effective when markets are globally integrated. The study employs an 

event study in combination with DCC and MRS methodologies to estimate the effectiveness of 

market interventions and its relationship with market linkages. 

 

 Chapter 7 provides the conclusion to the thesis and thereby a summary of the research.  
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Financial Integration: Theory and Evidence 

(Chapter 2) 

Introduction 

(Chapter 1) 

                                Figure 1.1: Structure of the Thesis 
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The flow chart provides a visual structure of the thesis. Chapter 2 provides an overview of the theory of financial integration and 

defines what constitutes financial integration and its measures. It then provides the evidence and the determinants along with the 

implications of financial integration. Lastly, the chapter illustrates various hypothesis, which are tested in the remaining chapters. 

Chapters 3 and 4 consist of studies related to the measurement of financial integration. Whereas Chapter 3 uses partial correlation 

to estimate linkages between markets, Chapter 4 measures long-run linkages using cointegration networks to construct financial 

networks. While Chapters 3 and 4 provide various methods to measure financial integration, Chapter 5, which uses a 

comprehensive quantile regression model to estimate the determinants of financial linkages, expands the traditional 

understanding of determinants of linkages to incorporate noneconomic variables such as culture distance, language, and religion. 

Lastly, Chapter 6 shows the impact of the financial linkages on policy interventions during times of market crisis. To summarize: 

Chapter 2 summarized the theory and evidence related to financial integration. Chapters 3 and 4 provide the measurement of 

financial integration; Chapter 5, the determinants and Chapter 6, their impact on policy interventions. Chapter 7, the conclusion, 

summarizes the findings and provide the recommendations for future research. 
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Chapter 2: Financial Integration: Theory and Evidence 
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2.1 Introduction 

 

 This chapter provides the theoretical background behind what constitutes integration between 

financial markets. The chapter opens with a review of the literature on the definition of financial 

integration, particularly that showing how the law of one price and the EMH provide the foundation 

to this concept. Three main measures of financial integration – price-, news- and quantity-based 

measures – are outlined. In particular, how the two measures, partial-correlation and cointegration, 

help in estimating the short- and long-run linkages, is explained. The next section looks at the 

literature on financial integration in the developed markets, and in the emerging markets, along with 

time-variant nature of the linkages between equity markets. Explained also are the implications of 

financial integration in the context of the benefits, such as capital mobility and financial development, 

and of the risks, such as reduction in international risk diversification and contagion. The role of 

policy interventions and how it is impacted by market integration provides the background to some 

of the limited studies available in the finance literature.  

 

 

2.2 Definition and Measurement of Financial Integration 

 

According to Auster and Foo (2015), “Financial integration can be thought of as a 

multidimensional process through which the allocation of financial assets becomes increasingly 

borderless.” Markets are considered to be integrated if market participants experience similar 

regulations, have equal access to financial assets and are treated equally across markets (Baele et al., 

2004; Weber, 2006). Financial assets in integrated markets are expected to offer the same yield when 
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measured by a standard currency (Levine and Zervos, 1996). For example, the equities or bonds 

issued in two integrated markets are likely to provide the same dividend and bond yield to both sets 

of equity and bondholders. Similarly, a firm which raises equity in two integrated markets is expected 

to pay the same to generate capital in both markets. The thesis limits its scope to the equity markets 

where the concept of financial integration refers to integrated or linked equity markets. 

 

 While several studies use the terms “correlation,” “cointegration,” “convergence” and 

“linkages” interchangeably, a commonly used theoretical benchmark of integrated financial markets 

is that that they adhere to the law of one price.3 According to Goldberg and Verboven (2005), if the 

law of one price holds for commodities between markets, then the markets can be considered 

integrated. Due to the law of one price, the assets with the same risk are expected to generate the 

same expected returns across markets; this, in turn, is likely to increase linkages amongst the markets. 

Baele et al. (2004) use the example of Europe to illustrate that an integrated market does not restrict 

the mobility of capital. Free movement of capital allows investors to exploit any arbitrage 

opportunities leading to a price equilibrium, where the law of one price is validated; that is, any 

discrepancies in asset prices between integrated markets are eliminated due to arbitrage buying and 

selling. Integrated markets are expected to offer the same risk and price, with no opportunity for 

arbitrage (Kleidon and Warner, 1993; Korajczyk, 1999; Bekaert and Harvey, 1995, 2003; Lamont 

and Thaler, 2003).  

 

 The law of one price, widely adopted as a definition of financial integration, facilitates the 

EMH, first proposed by Fama (1969), which centers on the concept of full transmission of 

information and its reflection in stock prices. If this hypothesis holds, then the reaction is quick, even 

                                                           
3 The law of one price stems from the Arbitrage Theory of Capital Asset Pricing by Ross (1976). 
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though a stock market might react to adverse information, and the effects of bad news do not linger 

or lead to a post-event drift. The application of the EMH means that stock markets are efficient and 

are affected only by country-specific factors and not by global shocks: there is no transmission of 

volatility. Also, market returns cannot be predicted using publicly available data such as other stock 

market indices. While many studies support the EMH,4 several contradictions exist in the form of 

market anomalies such as the over and underreaction to information flows in markets. Cointegrated 

markets contradict the EMH due to the long-term stochastic trends between markets (Bollerslev, 

1986). Furthermore, Ball (2009) states that the EMH fails to address the reliability of information 

available to the market, but others such as Fox (2009) criticize EMH for underestimating the bubbles 

in asset prices in the US that led to the GFC. The law of one price and the EMH are likely to be 

violated during periods of market crisis in which indices tend to move downwards due to the 

prevailing negative sentiments and contagion effects. The legitimacy of the law of one price can be 

tested by estimating the linkages and changes that occur due to market crisis events. 

 

In finance literature, price-, news- and quantity-based measures are commonly used to measure 

financial linkages. The price or return based measures, which estimate the differences in prices or 

asset returns due to geographic differences, validates the law of one price accompanying financial 

integration (Baele et al., 2004). According to Babecky et al. (2009), the price-based measure can be 

used to check: if the law of one price holds, then the asset prices and yields of similar securities 

should equalize (Kearney and Lucey, 2004). According to Baltzer et al. (2008), if the asset returns 

report high levels of correlation, then they are likely to move together and will have low levels of 

cross-sectional variances in their returns. Other examples of price-based measures include interest 

                                                           
4 See Kothari and Warner (2006) for a review of over 500 studies which validate the EMH.  
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rate parity, beta and sigma convergence, and cross-section dispersion of bond yields (Adam et al. 

2002; Babetskii et al., 2007; Babecky et al., 2013). The thesis (Chapters 3 and 4) uses other types of 

price measures such as comovement of prices or more specifically partial correlations and 

cointegration estimates using equity index returns to evaluate the linkages between the financial 

markets. It should be noted that the use of price-based measures such as asset pricing is beyond the 

scope of this thesis.5  

 

Another measure used for financial integration, news-based, is that new news or a new release 

of economic information should not impact asset prices in integrated markets, given that systematic 

risks remain identical between such markets (Baele et al., 2004; Babetskii et al., 2007). This measure 

can help evaluate the impact of common factors on asset returns; for example, the impact of negative 

news and their adverse effects across markets leading to the contagion effect (Baltzer et al., 2008). 

Such results can also be explained by the overreaction hypothesis (ORH),6 which states that sharp 

and “sticky” declines in markets occur after negative news, as was evident during the GFC, when the 

US market continued to drift downwards for a considerable period after the initial shock, after which 

the crisis spread to other global markets. Chapters 3 and 4 incorporate this measure by estimating 

how common shocks impact the financial linkages. Chapter 6 tests the impact of adverse news from 

the US on the Russian and Chinese markets to gauge the effectiveness of their market interventions. 

 

The third type of measure, quantity-based, quantifies the impact of anomalies on the demand-

supply of market securities (Baltzer et al. 2008). It assumes perfect capital mobility in integrated 

                                                           
5 For a review of asset pricing models related to market integration, see Bekaert and Harvey (1995) and Stulz and Karolyi 

(2001). 
6 Several studies validate the ORH: in Canada (Kryzanowski and Zhang, 1992), the US (Schnusenberg and Madura, 

2001), the UK (Maxouz and Li, 2007), China (Wang et al., 2004), Japan (Iihara et al., 2004), Spain (Miralles-Marcelo et 

al., 2010), South Africa (Hsieh and Hodnett, 2011) and South Korea (Kolaric et al., 2016). 
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markets, which means that domestic savings in a traditional sense do not impact investments: 

domestic savings are not correlated with investments (Babetskii et al., 2007). This measure, which 

can estimate the impact of legal and other non-price frictions and barriers from the supply and demand 

of the investment decision-making process, is considered to be more reliable and easier to compute 

than price-based indicators are (Adam et al. 2002; Babetskii et al., 2007).  

 

Two price-based measures of market linkages are commonly used in the available literature – 

correlation to illustrate comovements and cointegration to identify long-run equilibrium relationships 

between markets. Several studies estimate correlations between market returns to measure financial 

integration (for, e.g., Roll, 1992; Arshanapalli and Doukas, 1993; Bachman et al., 1996; Bracker and 

Koch, 1999; Adam et al., 2002; Krishnan et al., 2009; Kenett et al., 2012). Correlations, price-based 

measurements of financial integration, depicting positive, negative or stationary association between 

two or more variables, remain a widely-used tool by portfolio managers, to rebalance their portfolios, 

and by policymakers (Siklos and Ng, 2001; Forbes and Rigobon, 2002; Kenett et al., 2015). Managers 

rely on correlation estimates between indices to source investment opportunities: if the price changes 

amongst the securities in a portfolio are less than perfectly correlated, this can reduce the overall 

portfolio risk.  

 

Correlation methods, though straightforward and easy to devise, also suffer from several 

weakness. According to Pukthuanthong and Roll (2009), cross-correlation cannot be used as a proxy 

for market linkages, as perfectly integrated markets can exhibit weak correlations. These researchers 

find several global sources of return volatility and markets that do not share the same sensitivities 

across all of them. Other criticism of correlations is that they are affected by significant swings in 

returns or by volatilities experienced during market turbulence (Longin and Solnik, 1995). Cross-
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correlations also suffer from a fundamental disadvantage: they do not estimate direct linkages 

between two markets because they fail to exclude the effects of other equity indices affecting the 

relationship. The use of partial correlations to assess regional and global linkages in Chapter 3 

overcomes this shortcoming by isolating the impact of other indices on the correlation structure. This 

method is not widely used to estimate market integration: the few available studies in this area, such 

as Shapira et al. (2009) and Kenett et al. (2010, 2015), limit their focus to relationships between 

individual or grouped stocks. Thus, partial correlations provide a new and novel tool for measuring 

financial integration.  

 

Another method used to measure financial linkages is cointegration (see Kasa, 1992; Allen and 

Macdonald, 1995; Chan et al., 1997; Kearney, 1998; Aggarwal and Kyaw, 2005; Phengpis and 

Swanson, 2006; Valadkhani and Chancharat, 2008). Different from correlations which depict 

comovements are bivariate cointegrating relationships, which refer to a linear combination with 

constant mean and constant standard deviation. The concept of cointegration, originally suggested by 

Granger (1981) in his seminal paper and further formulated by Engle and Granger (1987), states that, 

over the long run, stationarity can be discovered in the linear combination of nonstationary variables. 

As noted earlier, there are some inherent differences between correlation and cointegration. Whereas 

correlation between two stock indices implies that the two indices may move up and down in the 

same or opposite direction, cointegration means that even though the indices might move against 

each other, they will eventually revert to a mean distance; that is, the co-integrated indices can 

experience a random walk but will always maintain a “fixed” spread between each other over the 

long term. A multivariate analysis of cointegrating relationships can be used to explain if regions 

exhibit long-run common stochastic trends.  
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2.3 Evidence of Financial Integration 

 

The existing finance literature documents the increase in linkages between financial markets. 

Several studies point to the evolution of financial networks through a rapid increase in globalization 

mandate amongst global policymakers, interlinked balance sheet, ease of capital mobility and 

advances in information technology (Angkinand et al., 2009; Beck 2012). Watson (1980) identifies 

financial development as a key driver behind the process of financial integration. Others such as 

Bhagwati (2004) state that the East Asian miracle of the 1990s can be attributed to the increase in the 

liberalization of trade restrictions in the region. To counter the allegations that globalization leads to 

adverse effects on market stability, Bhagwati further argues that the Asian currency crisis of 1997 

was due, not to an increase in trade linkages, but to the lack of monitoring, the lax regulation and the 

unwillingness to embark on banking reforms.  

 

The dismantling of trade barriers and the formation of trade and monetary unions such as the 

North American Free Trade Agreement (NAFTA) and European Union (EU) has increased capital 

flow and has also fostered greater global financial linkages across the world markets (Mobarek, 2003, 

Gilmore and McManus, 2004; Darrat and Zhong, 2005; Bayoumi and Swiston, 2008). Other factors 

such as the advancement in information technology (e.g., high-frequency trading) and the emergence 

of global equity and bond market trading have reduced transaction costs, further increasing linkages 

across markets (Bekaert et al., 2005; Arouri et al., 2010; Hasan et al., 2010). 
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2.3.1 Developed Markets 

 

The well-developed financial and legal systems and the emergence of economic and trade 

unions such as the EU and NAFTA mean that markets in the developed world are expected to report 

higher levels of linkages than those of emerging and developing nations. However, these linkages in 

such financial markets are not a recent phenomenon, as researchers such as Taylor and Tonks (1989) 

find an increase in long-term ties over the period dating back to the 1970s in markets such as the US, 

Japan, the UK, West Germany, and the Netherlands. They attribute this to the abolition of exchange 

control, finding that the cointegrated market violates market efficiency.  

 

One of the earliest studies to estimate common stochastic trends, by Kasa (1992), uses 

cointegration analysis with a VAR specification to determine common stochastic trends in five 

developed stock markets: Canada, Germany, Japan, the UK and the US. Kasa concludes that a single 

common stochastic trend determines the long-run comovement between the equity markets, leading 

to a high degree of integration of these markets. Using the estimates of the factor loadings, Kasa finds 

that the long-run relationship is most prevalent in the Japanese market and is least important in the 

Canadian market. Even though he argues that the gains from international diversification over the 

long run are overstated, his study finds a short-run deviation from this common trend which can last 

several years. Fu and Pagani (2010) provide further refinement to Kasa’s work: they use small sample 

corrections with similar data to confirm the existence of cointegrating relationships.  

 

Economic and monetary unions, recognized by Bartram and Wang (2011) as a strong influence 

in linking financial markets, are also likely to reduce currency risk in debt transactions due to higher 

penalties on default amongst the member countries (Gourinchas and Jeanne, 2006; Spiegel, 2009). 
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Rose (2000) finds that a robust relationship exists between monetary unions and trade intensity. The 

EU has been cited not only as an active driver behind economic union in the region but also for 

creating linkages between the member countries’ equity markets (Friedman and Shachmurove, 1997; 

Ayuso and Blanco, 2000; Rangvid, 2001; Fratzscher, 2002; Baele et al., 2004). Jappeli and Pagano 

(2008) use the 10-year bond yield between the EU countries to argue that the capital markets in the 

region are highly integrated. Bartram and Wang (2011), who use a GARCH-type model to test if the 

use of single currency in the European Monetary Union (EMU) has led to an increase in dependency 

in markets, find a particular increase during the 2008 market crisis. A strong Euro-region bias in 

global bond portfolio composition is also identified by Lane (2006). Hardouvelis et al. (2002a, 

2002b) state that, compared to local factors, the Europe-wide factors became more significant for 

stock returns in Europe after the formation of the EMU. Baltzer et al. (2008) find that the new EU 

markets such as Cyprus, Slovenia, and Malta depict weaker levels of integration compared to those 

of traditional EU member states, thus validating the role of trade and monetary unions in shaping 

financial market integration. Some studies, such as that of Bekaert et al. (2010), offer a different 

result, finding that the introduction of EU or the anticipation of its adoption had a minimal effect on 

market integration, although they do conclude that it did reduce equity market segmentation between 

member countries. Similarly, another trade union such as NAFTA, as in the EU, has also been 

instrumental in increasing market linkages in the Americas (Mobarek, 2003; Gilmore and McManus, 

2004; Darrat and Zhong, 2005; Bayoumi and Swiston, 2008). 

. 
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2.3.2 Emerging Markets 

 

Unlike for developed markets, there is no consensus in the current literature on the extent of 

market linkages in emerging markets. Some studies indicate that, although they are improving, 

emerging markets are much more fragmented than developed markets. Eichengreen and Park (2004) 

and Jeon et al. (2006) find that, in contrast to the developed markets of Americas and Europe, the 

markets in the Asia-Pacific are fragmented, due to a greater prevalence of emerging countries in that 

region with underdeveloped equity and bond markets. The lack of strong trade and monetary unions 

in the emerging markets is another reason for higher market segmentation, compared to that of 

developed markets. Christoffersen et al. (2012), who use a dynamic copula model to test long-run 

and short-run linkages in the emerging markets, find higher correlations in developed markets than 

in emerging markets, which report lower tail dependence. Phuan et al. (2009) use the Johansen and 

Juselius multivariate cointegration procedures, the Granger-causality tests and a variance 

decomposition analysis to find an increase in market linkages in the Association of Southeast Asian 

(ASEAN) countries. Corhay et al. (1995), who estimate market ties in the Pacific Basin markets using 

a multivariate cointegration process, conclude that the markets are integrated and exhibit strong 

regional aspects – Asian versus Pacific. Examples of other studies which find linkages in emerging 

markets include those of Piesse and Hearn (2002) in South Africa; Azman-Saini et al. (2002) and 

Yang et al. (2003) in Asia; and Phylaktis and Ravazzolo (2002) in the Pacific-Basin markets. 

 

Few studies also estimate time-variant linkages in the emerging markets. An earlier study by 

Hung and Cheung (1995) uses Johansen’s multivariate cointegration approach to validate the 

existence, as early as the period 1987-1991, of market interdependence amongst the emerging Asian 

markets, although they fail to identify any linkages during the preceding period. An increase in the 
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development of financial markets, coupled with rising economic growth, has contributed to the 

increase in linkages in the emerging markets. Kim and Lee (2012) find an increase in financial 

integration amongst East Asian markets after the Asian crisis of 1997-1998. Similarly, Auster and 

Foo (2015) state that the growth and integration of financial services have led to a sharp increase in 

financial integration in the ASEAN market. Pretorius (2002), who examines ten emerging stock 

markets for the period 1995-2000, identifies bilateral trade and the industrial production growth 

differential as significant determinants of correlations on a cross-sectional basis. 

 

Some studies find either weak or no linkages in the emerging stock markets. De Fusco et al. 

(1996) use the Johansen and the Johansen and Juselius cointegrations to analyze the US and several 

emerging markets but fail to discover any linkages between the markets. Using a multivariate 

asymmetric GARCH approach, Joshi (2011) finds the magnitude of volatility linkages to be lower in 

the Asian stock markets, indicating linkages. Similarly, Click and Plummer (2005) find weak 

cointegration in emerging markets. In particular, a higher level of segmentation in the Asia-Pacific 

markets means greater opportunities for portfolio diversification (Bekaert and Harvey, 1995; Allen 

and Macdonald, 1995; Chambet and Gibson, 2008; Jayasuriya et al., 2009).  

 

A few studies provide reasons for the lower levels of linkages amongst the emerging markets, 

compared to the developed markets. A study by the Danareksa Research Institute (2004) concludes 

that the process of financial integration in Asia lags behind that of Europe, due to the underdeveloped 

bond markets. The study further finds that volatility is less pronounced in some of the emerging 

markets, which means that these markets are not as likely as the developed world to react to adverse 

shocks. Similarly, Agyei-Ampomah (2008) concludes that the African stock markets remain isolated 

from the global markets, offering strong diversification benefits. Auster and Foo (2015) blame the 
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negative implication of contagion during the 1997-1998 Asian financial crisis as a reason for the 

slowdown in the financial integration between the region and the rest of the world after the end of 

the crisis; however, the trend seems to have reversed in recent years. 

 

The underdevelopment of emerging markets can be investigated by using a measure such as 

market liquidity, with the developed markets likely to exhibit higher liquidity. However, research in 

this area remains scarce, with a few studies such as that by Lucey and Zhang (2009), who limit their 

analysis to the emerging markets. The study in Chapter 5 addresses this gap in the literature by testing 

the significance of the determinants of market linkages between the less liquid (thin) markets and the 

liquid (active) markets, using a sample set of markets from both the emerging and the developed 

countries.  

 

Another common theme in the available literature is the increase in the linkages between 

emerging and developed markets. Dimitriou et al. (2013) use the fractionally integrated asymmetric 

power autoregressive conditional heteroscedasticity (FIAPARCH) framework to find significant 

increases in correlations between BRICS (Brazil, Russia, India, China and South Africa) and the US 

from early 2009, implying increased linkages during bullish rather than bearish markets. Another 

study, by Zhang et al. (2013), uses a DCC model to find higher market linkages between the BRICS 

and the developed equity markets after the 2008 financial crisis. Lahrech and Sylwester (2011) state 

that the correlations between Latin American (Argentina, Brazil, Chile, and Mexico) and US equity 

returns expanded between 1988 and 2004. Auster and Foo’s (2015) findings support increasing 

integration between Australia and the Asian-Pacific economies. An empirical study by Chambet and 

Gibson (2008) uses GARCH (1,1) in the mean excess stock returns model and finds that the emerging 

market remains segmented, and that the process of financial integration declined during the market 
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crisis of the 1990s. They conclude that the emerging markets are less correlated with the developed 

markets, and therefore offer opportunities for international portfolio diversification.   

 

Despite the lack of consensus on the state of linkages in the emerging markets, an underlying 

theme in the literature is that deregulation in emerging markets has removed several restrictions on 

the pricing mechanisms of financial assets, one of the pre-requisites for market integration (Bekaert 

and Harvey 2003). Consequently, capital is becoming increasingly more mobile across national 

boundaries, as developed nations rely more extensively on the savings of emerging markets to 

supplement their domestic economies. Improvements in technology and developments in electronic 

payment and communications have substantially improved the cross-border mobility of capital and 

investments by reducing arbitrage opportunities across financial centers. Cross-listing of securities in 

global equity markets has also contributed to the linkages (Mobarek, 2001). Furthermore, global 

institutions such as the IMF and World Bank continue to encourage harmonization of regulations and 

keeping up with the international best practice of fewer trade tariffs, thereby further increasing the 

impetus for linkages between the financial markets (Rossi, 1999).  

 

One shortcoming of several studies on financial integration in emerging markets is their 

relatively short analysis period. For example, Yeoh et al. (2010), using the time-varying Kalman 

Filter technique to estimate the stock market integration between Malaysia and the world markets, 

report an increase in the levels of integration during the period of global crisis. However, their model, 

which uses data from 1988 to 2009, does not include the period after the 2008 recession. It is 

important to identify contagion when examining the linkages in the post-2008 recession period to 

determine if they are affected by the market crisis. Similarly, Phuan et al. (2009) try to estimate 

cointegration using a sample size of only 11 years, which is not a sufficient period to measure such 
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long-run equilibrium type relationships. My research addresses this literature gap by using a longer 

time series of 18 years, encompassing 25 global financial markets. 

 

 

2.3.3 US Market 

 

Several studies single out the US, outside monetary unions, as a driving force behind market 

linkages and in “pulling” other markets. The US market continues to dominate the global stock 

market trade, exhibiting a strong influence on other markets.7 An earlier study by Fischer and 

Palasvirta (1990) finds that the US market price index led almost every other country index in their 

sample of 23 countries. Meric and Meric (1997) use Box-M and principal components analysis to 

find an increase in positive correlations between the EU and the US stock markets, leading to a 

decline in the benefits of portfolio diversification, especially after the 1987 equity market collapse. 

Eberts (2003) extends the traditional random walk model using cointegration to forecast discrete 

compounded stock market returns in Germany and the US, and concludes that, despite short-run 

random walks, markets in Germany and the US remain cointegrated in the long run. Mishkin (2001) 

also finds evidence for the role of US in shaping regional and global market linkages. Other studies 

identify linkages between the US and other markets: in the Americas (Johnson and Soenen, 2003), 

Germany (Baur and Jung, 2006) and Latin America (Fernández-Serrano and Sosvilla-Rivero, 2003; 

Lahrech and Sylwester, 2011).  

 

                                                           
7 In 2016, the US accounted for the largest share (36.3%) of the global stock market capitalization. Source: 

http://www.businessinsider.com/world-stock-market-capitalizations-2016-11, retrieved on November 18, 2016. 

http://www.businessinsider.com/world-stock-market-capitalizations-2016-11
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The prominence of the US also means that market shocks in the US are likely to be spillovers 

across borders to other markets, leading to financial contagion. An extensive study by Beirne and 

Gieck (2012) empirically assesses the effects of interdependence and contagion across three asset 

classes – equities, stocks, and currencies. Using impulse responses, they find that, in crisis times, the 

equity shocks originating in the US increase the risk aversion amongst equity investors on a global 

scale, thus exporting the crisis from the US to other markets. A similar study by Bayoumi and Bui 

(2012) determine that the US is a dominant global financial center and the shocks originating from 

the US tend to have a more significant impact on global markets compared to other regional shocks. 

 

 

2.3.4 Time-Variant Linkages 

 

The variance in market linkages or integration over time is necessary to measure since several 

studies allude to the fact that the risk-premium on equities is time-varying (Harvey, 1991; Bekaert 

and Harvey, 1995). A consensus in the available literature is that the ties amongst the markets rise 

during the times of market turbulence: they are time-variant. An earlier study by Longin and Solnik 

(1995) examines the correlations of seven major European countries over the period 1960-1990 and 

find that even though the global covariance and correlation matrices remain unstable over time, the 

correlations rise during times of high market volatility. Bekaert and Harvey (1995) argue that linkages 

in the emerging countries are significantly different from those in the developed world as they exhibit 

time-varying integration. Their study supports the observation that correlations between segmented 

markets are likely to increase over time, as the financial markets become more integrated. Other 

studies such as Ayuso and Blanco (2000), Brooks and Del Negro (2004), Bekaert (2005), Caporale 
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et al. (2005), Kizys and Pierdzioch (2009) find evidence of increasing comovements of stock returns 

among the major developed markets. 

 

Several studies also allude to the fact that market risk spillovers or contagion occur during the 

market crisis. For example, Arshanapalli and Doukas (1993) and Brooks and Del Negro (2004) 

identify the contagion effect during the 1987 financial market crisis; Meric et al. (2001), during the 

1997-1998 ASEAN emerging markets crisis; and Bartram and Wang (2011), during the 2008 market 

crisis in the European markets. Wang and Moore (2008), using DCC estimates, investigate whether 

the entry of markets such as the Czech Republic and Hungary into the EU made their markets 

integrated with the rest of the EU markets. They observe an increase in the level of stock market 

correlation after the Asian and Russian crises and also after Hungary’s entry into the EU. Some, such 

as Roxburgh et al. (2009), state that global spillover of economic shocks has become more extreme, 

as evident during the GFC when stock markets in 112 countries fell during 2008 and the first half of 

2009. Syllignakis and Kouretas (2011) find similar results and conclude that conditional correlations 

between the US, German and Central and Eastern European stock market returns rose during the GFC 

indicating contagion effects. The shift in investor sentiment from positive to negative during market 

turbulence, also known as herding, is documented by Masson (1999), Kaminsky and Schmukler 

(1999), and Caporale et al. (2005). The risk of contagion is problematic, since it not only disrupts 

market efficiency but can also cause a severe downturn in the business cycle leading to economic 

recession (Karolyi, 2003). 

 

Increased institutionalization of investors and emerging cross-listing across markets by global 

investors and companies are two other factors identified behind the escalation in linkages over time 

(Clare and Lekkos, 2000). A significant gap in the literature is that most of the studies assess the 
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impact of trade on market linkages in regional economies such as the EU, but do not investigate 

cross-regional trading partnerships. The studies in Chapters 3 and 4 address this gap by testing market 

linkages across regions using the top global trading partnerships. 

 

Another criticism of studies using time-variant analysis to estimate market linkages is that they 

do not begin with enough time-series data to take into account structural breaks such as a market 

crisis. For example, studies such as those by Cheung and Mak (1992), Chung and Liu (1994), Chen 

et al. (2002), and Toyoshima and Hamori (2013) use data from 10 years or less to estimate long-run 

relationships. A study by Yang et al. (2014) divides the data into five periods, with some periods 

being less than one year, to estimate cointegrating relationships conducting the Engle-Granger test: 

this is likely to produce wrong results. A criticism put forward by Dimpfl (2013) is that, statistically, 

if the time series are not cointegrated in the larger sample, they should not be cointegrated in smaller 

sub-samples, as done in the case of the seminal paper by Kasa (1992) on stock market cointegration. 

This research avoids this issue of small-sample bias by using a large dataset, and classifying the data 

into two sample periods of calm and turbulence to capture structural shifts, especially when 

cointegrating relationships tend to break during the market crisis. 

 

Although most of the literature finds increasing levels of market integration, some studies find 

opposite results. Canarella et al. (2008), using a multivariate GARCH model, fail to find any long-

term relationship between the NAFTA markets. Similarly, neither Gallagher (1995) nor Knif and 

Pynnonen (1999) find reliable evidence of stock market linkages in the EU in the long run. There are 

also some studies which find weak ties in the equity markets in the emerging markets (De Fusco et 

al., 1996; Gupta and Guidi, 2012). According to Bekaert et al. (2005) and Quinn and Toyoda (2008), 

the conflicting results can be blamed on flaws in research design and data problems, mainly due to 
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sampling selection bias and measurement errors. This research overcomes these issues by including 

a broad sample of markets in its studies and also by using time-variant analysis, given that the 

indicators are likely to converge over time, especially during times of market crisis.  

 

 

2.4 Determinants of Financial Integration 

 

According to Beck et al. (2012), de jure and de factor measures can be used to assess the extent 

of financial globalization. The de jure variables are binary and estimate financial integration by 

measuring legal and regulatory restrictions on cross-border trade and capital flow (See, IMF, 2013b; 

Park 2013). The main disadvantage of de jure determinants is that some markets, despite the tight 

capital controls and the restrictive foreign exchange mechanism, continue to experience significant 

capital inflows. This is likely because the variables may lack the ability to capture the legal 

enforcement of the capital controls in practice (Quinn et al., 2011). The findings of Dell’Ariccia et 

al. (2008) indicate that some markets, despite strong capital controls, report strong global financial 

linkages. Thus, these measures are not indicative of the linkages between financial markets. To 

overcome the limitations of the measure, de factor variables such as the ratio of capital flows to GDP 

can be used to assess the extent of financial openness (Beck et al., 2012).  

 

Despite the debate regarding the nature of the variables used, most of the studies that estimate 

the determinants of market linkages tend to limit themselves to economic variables such as trade. 

Chen and Zhang (1997) find that countries with strong economic and trade ties exhibit similar 

comovements between their financial markets, as evident in common market unions such as the EU. 
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This hypothesis is supported by other studies such as those of Pretorious (2002), Johnson and Soenen 

(2003), Forbes and Chinn (2004), Chambet and Gibson (2008), Tavares (2009), Beine et al. (2010) 

and Wälti (2011). Others, such as Bartram and Wang (2011), identify the development of financial 

markets as the most important factor behind the increase in the integration of equity markets. With 

the development of integrated financial and capital markets, more investors in developed markets are 

investing in emerging markets. The need to access foreign markets is directly the result of investment 

managers’ incentive-seeking behavior for higher returns. For example, the prevalence of international 

mutual funds has grown due to rapid financial liberalization (Beck et al., 2012). Furthermore, the 

increase in foreign ownership of banks has increased linkages between the financial institutions. This 

assertion is supported by Cull and Peria (2010), who state that the rise in foreign ownership and 

foreign banks in developing markets increases both the efficiency of the domestic banking sector and 

its access to capital. Hardouvelis et al. (2006) note that interest rate differentials play a significant 

role in the degree of market integration. Also, an increase in foreign intermediaries in global banking 

sectors especially in the emerging markets has improved linkages in the global finance and banking 

sector (Classens et al., 2012). 

 

Bachman et al. (1996) identify factors other than trade linkages, such as income patterns, 

currency area, common trading platforms and financial deregulation in improving ties. Several 

studies document the role of the US as a driving force behind the increase in global market linkages 

(Eun and Shim, 1989; Fischer and Palasvirta, 1990; Meric and Meric, 1997; Mishkin, 2001; Eberts, 

2003; Fernández-Serrano and Sosvilla-Rivero, 2003; Johnson and Soenen, 2003; Yang et al., 2003; 

Baur and Jung, 2006; Lahrech and Sylwester, 2011). Cross-border mergers and acquisitions are 

recorded by Cavaglia et al. (2001) as one of the emerging factors for corporate alignment, which in 

turn strengthens market linkages. A surge in the institutionalization of investors and the emergence 



66 

 

of global investors and companies cross-listing across markets are other factors behind the increase 

in market linkages over time, as cited by Clare and Lekkos (2000). 

 

The finance literature provides a rich analysis of economic determinants of financial 

integration. However, it tends to ignore noneconomic or behavioral determinants such as culture. 

This is an important area to investigate, as several studies document the role culture plays in the 

evolution of financial markets (e.g., Weber, 1930; Lal, 1999; De Jong and Semenov, 2002; Dutta and 

Mukherjee, 2012). As well as being a factor in the development of financial markets, culture also 

influences investor portfolio allocations. According to Hogg and Abrams (1988), social conformities 

such as religion and nationality are not only important determinants of a group’s identity and 

dominant behavioral traits, but can also determine where investors choose to invest. Investor behavior 

known as the home equity bias discourages investors from holding foreign equity, despite there being 

no restriction from holding foreign assets (Hogg and Abrams, 1988; French and Poterba, 1991; 

Cooper and Kaplanis, 1994; Tesar and Werner, 1995; Lewis, 1999; Grinblatt and Keloharju, 2001; 

Baele et al., 2004; Nieuwerburgh and Veldkamp, 2009; Beugelsdijk and Frijns, 2010). This 

behavioral trait contradicts Solnik’s (1974) international capital asset pricing model (ICAPM), which 

states that nations are expected to hold identical portfolios, and that behavioral preferences do not 

sway the market participants. French and Poterba (1991) conclude that investors in developed 

markets such as the US expect domestic risk-adjusted returns to be higher than for international 

markets, leading to a preference for investment in the domestic sector. A study of investors in Finland, 

show that firms are influenced by language, culture and distance in formulating their investment 

behavior (Grinblatt and Keloharju, 2001). Beugelsdijk and Frijns (2010) find a similar bias against 

foreign investments amongst domestic investors; however, they find these factors decline in 

importance with the increase in the sophistication of investors. According to Tesar and Werner 
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(1995), trade linkages and language explain the home equity bias, rather than portfolio diversification 

motives. The information asymmetry also adds to the bias, allowing local investors to profit from 

locally available information that is not available to foreign investors (Nieuwerburgh and Veldkamp, 

2009).  

 

Despite the evidence of culture traits impacting the development of financial markets and 

prevailing bias against foreign investment, very few studies investigate the impact of culture on stock 

market linkages. King et al. (1994) find that unobservable factors such as investor sentiment rather 

than observable economic factors influence stock market correlations. The findings of Stulz and 

Williamson (2003) lend support to culture traits impacting financial markets. Another study, by 

Lucey and Zhang (2010), tests the significance of culture variables to estimate the determinants of 

stock market correlations and finds that country-pairs with smaller culture distances depict higher 

linkages and that the impact of culture increases with market liquidity. However, the scope of their 

study remains limited to the emerging markets and does not take time-variant and regional factors 

into account. 

 

 

2.5 Implications of Financial Integration 

2.5.1 Benefits 

 

The existing finance literature cites several benefits of financial market linkages. The general 

conclusion is that market linkages assist in the matching of demand and supply of capital, enabling 

greater price efficiencies in asset valuation, and thus improving economic growth. Several studies 
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point out that financial integration due to measures such as banking deregulation is accompanied by 

the development of financial markets, which increases economic growth and prosperity (Jayaratne 

and Strahan, 1995; Levine, 1997; Demirguc-Kunt and Levine, 1996; Bekaert et al., 2003). Others 

such as Harvey (1995), Beck et al. (2000), Kearney and Lucey (2004) and Erdogan (2009) state that 

financial integration increases the robustness of global economies and improves household savings, 

leading to higher economic growth. Baele et al. (2004) and Büttner and Hayo (2011) state that 

integrated markets allow capital to flow to the most productive uses, thus optimizing the utilization 

of capital. Other economic benefits such as improvements in resource allocation and long-term 

productivity gain are identified by Beck et al. (2000).  

 

Welfare benefits from market integration through the sharing of consumption risks by the 

integrating economies are also documented by Cole and Obstfeld (1992), Lewis (1996) and Baele et 

al. (2004). According to Agenor (2003), financial integration can allow for consumption smoothing, 

where a country can borrow from other nations during times of recession and can act as a lender 

during times of prosperity, providing a counter-cyclic cushion to the global markets. The positive 

impact of financial integration is also evident at the firm and industrial level (Demirguc-Kunt and 

Maksimovich, 1998; Rajan and Zingales, 1998). Baele et al. (2004) identify the importance of 

financial integration to the central bankers and regulators as the monetary policy is transmitted 

through the financial system. 

 

Harvey et al. (1994) associate market efficiency with market linkages while Stulz (1999), 

Bekaert and Harvey (2000) and Martin and Rey (2000) conclude that the cost of capital decreases 

due to market integration. Using Europe as an example, Hardouvelis et al. (2002a, 2002b) find that 

the cost of capital declines between 0.5% and 0.3% due to integration in equity markets. The financial 
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integration also allows for an increase in efficiencies in capital utilization and more importantly 

smooth flow of cross-border capital (Baele et al., 2004; Auster and Foo, 2015). Erdogan (2009) and 

Hasan et al. (2010) argue that, given the stock market is a fundamental component of financial 

markets, the linkages in global markets promote the efficiency of cross-border capital flows, solve 

problems in capital mobility and create value for stockholders. Furthermore, Kalemli-Ozcan et al. 

(2001) state that risk sharing by investors over integrated financial markets leads to higher risk-

adjusted market returns.  

 

To summarize, the literature cites six main benefits of market integration: allowing for 

transparency of pricing, building investor confidence, facilitating risk sharing, increasing capital 

generations across borders, facilitating transmission of monetary policy and improving long-term 

economic growth. 

 

 

2.5.2 Disadvantages 

 

Despite these well-documented benefits of rising market linkages, the current literature also 

cites several drawbacks. A major concern amongst investors is that the increase in stock market 

correlations decreases the benefits of international portfolio diversification. Several studies find that 

as the returns of securities equalize across markets, the benefits of diversification also decline since 

diversification involves identification of weakly correlated indices (e.g., Yang, 2003; Kearney and 

Lucey, 2004; Quan and Huyghebaert, 2004; Beine et al., 2010). Furthermore, studies such as those 

of Chowdhry et al. (2007) and Erdinc and Milla (2009) state that increasing correlations in markets 

erodes the effectiveness of several arbitrage vehicles and strategies that involve the exploitation of 
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the inefficiencies in financial markets. Some researchers also find that financial integration raises the 

average price of financial assets, which can also increase the acceptance of risky projects due to 

higher access to global capital (Martin and Rey, 1999; Lombardo and Pagano, 1999).  

 

A significant adverse implication of market linkages is that it can also increase the likelihood 

of financial market contagion, as macroeconomic shocks in one region are transmitted across regions. 

Laeven and Valencia (2008) warn that past evidence shows the likelihood of contagion occurring 

after a rapid increase in financial liberalization without the necessary regulation and supervision by 

the policymakers. Leading economic thinkers such as Stiglitz (2002) oppose financial liberalization 

because the resulting market linkages make the financial system prone to crisis transmission. 

Jotikasthira et al. (2012) state that given market integration makes markets more efficient, these 

markets are likely to depict higher volatility or sensitivity to changes in information. Chang and 

Velasco (2000) state that liquidity-runs during a market crisis can cause significant risk for smaller 

economies, the borrowers in the global capital market.  

 

Change in linkages not explained by variations in economic fundamentals can be defined as 

financial contagion. Moser (2003), who states that contagion is characterized by a significant increase 

in positive correlation coefficients during the crisis period, divides the mechanisms of contagion into 

information and domino effects. An information effect refers to a crisis in country A that triggers a 

crisis in country B. The local agents in country B use the crisis in country A as a signal to update 

information by reassessing the fundamentals of their country, which leads to the selling of domestic 

markets. This occurs despite no change in the fundamental elements in country B. The domino effect 

refers to a crisis in country A leading to a crisis in country B due to the financial linkages between A 

and B. This effect, measured by market linkages, can be transmitted in a number of ways. First, 
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counterparty defaults occur where high exposure to a sovereign or enterprise debtor can lead to cross-

border transmission of shocks. Second, liquidity or capital constraints can force greater than optimal 

asset reduction by international investors, who unwind positions in other markets after being affected 

by a crisis in one market, in order to increase liquidity (Claessens and Forbes, 2004). According to 

Claessens et al. (2002), increased market linkages can increase systematic risks which, coupled with 

deficiencies in the regulatory framework, can further complicate the crisis.  

 

Contagion describes a dramatic increase in market linkages during times of market crisis and a 

drop in the following period; a general increment in linkages, irrespective of market crises, indicates 

an increase in interdependence between markets. Claessens and Forbes (2004) state that liquid 

markets with internationally traded financial assets are more likely to experience contagion than 

others. Evidence of financial contagion is detected during the 1987 crisis (Arshanapalli and Doukas, 

1993); during the 1997-1998 emerging markets crisis (Meric et al., 2001; Gong et al., 2004; Chiang 

et al., 2007) and during the GFC event (Beirne and Gieck, 2012; Bartram and Wang, 2015; Boubaker 

et al., 2016). The contagion event can hinder the effectiveness of localized policy interventions in 

markets, particularly during times of market crisis.  The transmission channels for contagion include 

integrated financial markets which encourage correlated information transmission, wealth effects and 

risk aversion of global investors, interbank deposits and common creditors (Pritsker, 2012). Also, the 

increase in the prevalence of global financial investment products, such as international mutual funds, 

means that portfolio rebalancing during times of market crisis can further precipitate contagion 

effects (Frankel and Schmukler, 1998; Boyer et al., 2006). Auster and Foo (2015) attribute the 

negative implications of contagion due to financial integration as a reason for a decline in liberal 

policy and monetary positions adopted by decision-makers in regions such as Asia-Pacific after the 

1997-1998 Asian crisis.  
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To conclude, the literature cites two main disadvantages of market integration in this section: 

a) the decrease in arbitrage and portfolio management opportunities, which is problematic for 

portfolio managers; b) the risks of a higher likelihood of transmission of volatility during periods of 

crises, which are disruptive to market operations and which lower the effectiveness of market 

operations during such times. 

 

 

2.5.3 Market Interventions 

 

Financial integration means increased risk sharing, such as higher correlated financial risks and 

cross-border spillovers (Claessens et al., 2012). The rapid fall in equity markets during times of 

financial crisis can cause economic recessions, as the market returns are considered to be leading 

indicators of economic health (Ratcliffe and Taylor, 2015). Policymakers and regulators usually 

follow the rapid decline in equity markets with intervention measures such as monetary expansion, 

typically used to increase output, consumption, and investment during the market crisis (Engert et al. 

2008; Dahlhaus, 2014).  

 

The rationale for government intervention in the financial sector is that market mechanisms are 

unable to provide much-needed support to the financial institutions and to the market as a whole. An 

example is the GFC in the US: the resulting transmission of volatility affected several global markets 

(Quinn and Voth, 2008). The transmission of crisis from the US during the GFC can be attributed to 

the massive size of the US financial market and its pivotal place in shaping global investment 

decision-making. For example, the US accounted for 31% of global financial assets and 62% of 

reserve currency assets in 2008 (Claessens et al., 2012). Several countries enacted measures to 
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support banking and financial markets such as capital injection, monetary easing, and purchase of 

distressed financial assets as a response to the GFC (Ho and Signoretti, 2012). The US authorities 

intervened to curb the market collapse by banning short selling and passing debt and deposit 

guarantees along with corporate bailouts (Bekaert et al., 2014; Bond and Goldstein, 2015). Similarly, 

other countries have initiated significant and unprecedented policy interventions, such as Russia 

during the GFC (Saleem, 2008), and the European countries during the sovereign debt crisis 

(Grammatikos and Vermeulen, 2012).  

 

Even though policymakers typically intervene to deal with the market crisis, the literature 

points to increasing difficulties for market interventions due to volatility spikes and increasing 

financial integration. Financial contagion presents unique challenges to central bankers: it disrupts 

traditional assessment of the changes in economic fundamentals to manage monetary policy 

transmission. Claeys and Wolff (2015) find that the correlations of short-term rates reduce the ability 

of central bankers to maintain the zero bound for interest rates. Aizenman et al. (2016) state that 

during the GFC, local policy responses were hampered by increasing volatility transmission from the 

US to the adjacent markets. Bayoumi et al. (2014) blame the volatility transmission on unexpectedly 

higher linkages between markets, requiring much more coordinated policy interventions. The impact 

of such turbulence can lead to the smaller economies losing “monetary policy autonomy” as per 

Bernanke (2015). Kamin (2012) points out that financial globalization reduces the influence of central 

banks over domestic bond yields, which form the basis of domestic monetary policy. 

 

Thus, to summarize there are two overall implications of the increase in market linkages on 

policy interventions during periods of market crisis. Interventions during times of market crisis are 
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necessary due to the severe economic consequences; increasing financial linkages negatively impact 

the ability of policymakers to effectively intervene during periods of market crisis. 

 

 

2.6 Hypothesis Development 

 

This research measures financial integration using price-based measures such as partial-

correlation and cointegration to estimate the comovement between equity indices (Chapters 3 and 4). 

There are several reasons behind the choice of these measures. The ease of use and comparative 

analysis makes correlation and cointegration an ideal choice. These measures, well accepted in 

finance theory, provide an efficient mechanism of comparisons with the existing studies in the area 

of financial integration. Given that the definition of financial integration is based on the law of one 

price, the correlation and cointegration estimate can assist in evaluating the short- and long-run 

market linkages, which are the product of the individual asset returns. The study provides a further 

refinement to the traditional measure of integration by using partial correlations instead of cross-

correlations. This measure which, solves the problem of the effects of the third variable, helps to 

estimate the direct linkages between markets. The news-based approach in Chapter 5 can detect if 

the news in the form of the market crisis has an impact on the effectiveness of market intervention 

policies.  

 

This research, in addressing several gaps in the literature, provides valuable insights to finance 

practitioners and policy decision-makers in six main ways. First, the current literature does not 

provide a comparative analysis of global versus regional integration and tends to focus on region-
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specific linkages. Chapter 3 differentiates between global and regional factors affecting market 

integration. Second, past studies ignore using methodology based on partial correlations to measure 

integration and tend to focus on traditional cross-correlation estimates. Chapter 3 uses partial 

correlations to measure financial linkages by determining financial networks, thus enabling the 

mapping of linkages within and across regions while controlling the noise from the third variable.  

 

Third, the literature does not provide a network-based approach to measuring long-run 

linkages between financial markets. These networks facilitate the use of innovative techniques such 

as density scores, cluster analysis, and dendrograms to gauge the distance between markets: a novel 

approach to delineating the complex nature of market linkages. The insights into financial networks 

can assist finance practitioners in their risk optimization and arbitrage strategies. Chapters 3 and 4 

estimate partial and cointegration networks, a significant innovation, and contribution to the finance 

literature. Fourth, by using a larger time-series data with 25 global financial markets, these studies 

overcome the shortcomings of those studies in the current literature which do not use sufficient time-

series data to take into account structural breaks such as market crises. Fifth, Chapter 5 develops a 

comprehensive model for estimating the determinants of integration by incorporating culture 

variables, a critical gap in the literature, as current studies ignore behavioral traits. Sixth, Chapter 6 

addresses another research gap by evaluating the effectiveness of market intervention policies during 

market crisis events. The field of market intervention, particularly the relationship between linkages 

and the effectiveness of policy responses, remains underserved in the literature, although it is an 

important area of concern for policymakers and regulators. 

 

The four studies in Chapters 3, 4, 5 and 6 investigate several hypotheses related to financial 

market integration. Chapters 3 and 4 examine the hypothesis (detailed in Section 3.2 and 4.2) that 
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markets depict regional linkages (H0a), exhibit increasing linkages during market crises (H0b), 

eliminate portfolio diversification during the market crisis (H0c), influence the financial networks 

(H0d) and report long-run stochastic trends (H0e).  

 

H0a: Market linkages are regional, i.e., financial markets are linked within common geographic 

regions. 

H1a: Market linkages are global, i.e., financial markets are connected between geographic 

regions. 

 

H0b: Market linkages change during periods of market crisis but return to normal levels after 

the crisis is over. 

H1b: Market linkages continue to increase irrespective of normal or crisis periods. 

 

H0c: Portfolio diversification ceases to exist during periods of financial crisis. 

H1c: Portfolio diversification opportunities continue to exist during periods of financial crisis.  

 

H0d: Prominent financial markets exert tremendous influence on global and regional financial 

networks. 

H1d: Prominent financial markets do not exert any influence on global and regional financial 

networks.  

 

H0e: Long-term common stochastic trends exist between financial markets. 

H1e: Financial markets lack long-run cointegration relationships.  
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Chapter 5 tests four hypotheses detailed in Section 5.2. First, culture variables are significant 

determinants of market linkages (H0f). Second, the significance of culture declines in markets with 

high liquidity (H0g). Third, the effect of culture remains consistent across geographic regions (H0h). 

Fourth, culture continues to be a significant determinant of market linkages during periods of market 

crisis (H0i).  

 

H0f: Culture variables are a significant determinant of linkages between markets. 

H1f: Culture variables are not a significant determinant of linkages between markets. 

 

H0g: The significance of culture as a determinant of market linkages diminishes in markets 

with high liquidity. 

H1g: The significance of culture as a determinant of market linkages is not affected by market 

liquidity. 

 

H0h: The significance of culture as a determinant of market linkages is consistent across 

geographic regions. 

H1h: The significance of culture as a determinant of market linkages differs by geographic 

regions.  

 

H0i: Culture remains a significant determinant of market linkages in periods of market crisis. 

H1i: The significance of culture as a determinant of market linkages is disrupted during times 

of market crisis.  
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Finally, Chapter 6 tests the hypothesis (Section 6.2) that market linkages impact the 

effectiveness of intervention policies during times of market crisis (H0j). 

H0j: Increasing market linkages affect the effectiveness of policy interventions during market 

crisis events. 

H1j: Market linkages do not affect the effectiveness of policy interventions during market crisis 

events. 
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3.1 Introduction 

 

The global financial market is a complex system of individuals, groups, and regulators working 

together in an intricate web of networks. The financial networks continue to evolve due to increasing 

globalization, interlinked balance sheets, capital mobility and the advancement of information 

technology (Beck et al., 2012). Although financial linkages can help portfolio managers to diversify 

across markets, they also make the financial networks prone to systemic risk. The complexities of 

these financial systems can increase the volatility of equity returns and can rapidly spread negative 

sentiments across the global markets during periods of crisis. A recent example was the Great 

Financial Crisis (GFC), when the stock market crash in the US was followed by an increase in market 

volatility and a steep decline in global markets. 

 

A number of studies in literature offer a range of time-series methods to study the dynamics of 

market linkages, the most popular being total correlations (e.g., Krishnan et al., 2009; Kenett et al., 

2012). The insights from correlation coefficients are commonly used in portfolio management and 

policy decision-making to deal with contagion during times of market crisis (Forbes and Rigobon, 

2002; Kenett et al., 2015).8 However, the coefficient between two markets does not correctly identify 

the direct linkages since it fails to exclude the effects of other equity indices affecting the relationship. 

The use of partial correlation overcomes this shortcoming by isolating the impact of other indices on 

the correlation structure. 

 

                                                           
8 According to Moser (2003), contagion is characterized by a significant increase in positive correlation coefficients 

during the crisis period. 
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This study constructs financial networks, a collection of nodes and linkages, between various 

global equity markets, based on partial correlations. To the best of our knowledge, there are very few 

such attempts to estimate global networks between market indices using partial correlations in the 

current literature. Although some studies use partial correlation, their focus is limited to the 

relationships between individual, or a group of, stocks (Shapira et al., 2009; Kenett et al., 2010, 

2015). By constructing networks based on partial correlations, we can map the market linkages and 

identify how clusters evolve over various market cycles. Unlike the pairwise or binary association, 

financial networks can provide a useful representation of dynamic nature of financial linkages. For 

instance, due to increasing complexity in financial networks, a failure in a particular node, which can 

transmit the systematic risk to other nodes, is hard to visualize using traditional methods of detecting 

linkages (Vodenska et al., 2016). Also, the networks allow for the use of various visualization 

techniques that can be used to map the changes in networks and to identify the formation of clusters 

over time and across geographic regions. 

 

The study investigates four important issues. First, a time-variant analysis is conducted to 

assess how the linkages in financial networks evolve during periods of distress. Such insights can 

enable portfolio managers in risk optimizing their portfolios and in identifying predictable patterns 

for trading opportunities (Esmalifalak et al., 2015). Also, the complex nature of the financial 

networks highlight the inability of local monetary and regulatory institutions to prevent volatility 

spillovers from other markets and the ensuing market crisis. Understanding about the functioning of 

complex financial networks and the transmission of volatility can assist in preventing such 

occurrences (IMF, 2008). Second, the network linkages are investigated to determine if they are 

regional or global. Most of the available research in the area of market integration does not examine 

whether regional or global factors impact market linkages (see, Toyoshima and Hamori, 2013; Zhang 
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et al., 2013). Being able to differentiate between global and regional factors empirically can assist 

regulators and monetary authorities in formulating regulatory and market intervention policies to 

prevent contagion or market crisis or volatility from spilling into their financial markets, especially 

those originating from unrelated global markets. In particular, the exclusion of the other or third 

market(s) in evaluating market linkages can differentiate between market interdependence and 

contagion. Third, the impact of the major financial centers (the US, Japan, the UK, China) on the 

global and regional networks is estimated: a significant area of innovation, since the current literature 

does not explore such relationships. Fourth, the market networks are constructed using hierarchical 

clustering methodology to investigate the dynamic nature of market linkages and how clusters form 

over time. Furthermore, cluster analysis is used to explore complex financial networks by organizing 

them into partitioned, hierarchical and model-based clustering algorithms. This allows the 

identification of the “robustness” of the markets to withstand regional or global shocks – for example; 

a higher network density can lead to a broader propagation of such shocks. 

 

The results show that geographic distance influences linkages, with regional networks reporting 

greater traffic compared to global networks. However, the periods of market crisis disrupt these 

patterns, as the global network density at the time of the crisis exceeds that of local markets. Contrary 

to expectations, the important global markets such as the US, the UK, China, and Japan influence 

regional but not global financial networks. Furthermore, the trend of growing linkages in financial 

systems, which fails to extend beyond times of market crisis, can be attributed to contagion rather 

than to market connectedness.  
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The rest of the study is organized as follows. Section 3.2 provides a brief review of the related 

literature. Section 3.3 and 3.4 presents the data and methodology, respectively, while Section 3.5 

discusses the empirical results. Section 3.6 concludes. 

 

 

3.2 Hypothesis and Literature Review 

 

Financial globalization leading to the increase in market linkages is a by-product of the cross-

listing of equities and debt, foreign direct investment and international portfolio management (Beck 

et al., 2012). The current literature documents an increase in market linkages during times of market 

volatility. An earlier study by Longin and Solnik (1995) examines the correlations of seven major 

European countries over the period 1960-1990 and finds that, even though the covariance and 

correlation matrices remains unstable over time, the correlations increase during periods of high 

market volatility. Similarly, Bekaert and Harvey (1995) find time-variant linkages in emerging 

markets whereas Brooks and Del Negro (2004) and Kizys and Pierdzioch (2009) detect a gradual 

increase in the comovement of stock returns since the mid-1990s amongst major developing markets. 

Others instead find contagion in markets during the 1987 crisis (Arshanapalli and Doukas, 1993), the 

1997-1998 emerging markets crisis (Meric et al., 2001) and the 2008 market crisis (Lee and Jeong, 

2014; Bartram and Wang, 2015). The risk of contagion not only disrupts market efficiency but can 

also lead to a severe downturn in the business cycle (Karolyi, 2003).  

 

The current research in market integration mostly finds that equity linkages display regional 

characteristics. Portes and Ray (2005) attribute regional patterns to the information asymmetries 
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caused by the physical distance between markets. The American and European markets are likely to 

depict stronger linkages than those in the Asia-Pacific, irrespective of recession periods. For example, 

the literature documents the role of the EMU in increasing market linkages in Europe (Bartram and 

Wang, 2015) and NAFTA in the Americas (Mobarek, 2003; Gilmore and McManus, 2004; Darrat 

and Zhong, 2005; and Bayoumi and Swiston, 2008). In contrast, the markets in the Asia-Pacific are 

expected to be fragmented due to a greater prevalence of emerging countries with underdeveloped 

equity, banking and bond markets (Eichengreen and Park, 2004; Jeon et al., 2006; Auster and Foo, 

2015). The role of US in shaping global market linkages is also well documented (Mishkin, 2011). 

Furthermore, the complexity of financial networks has increased with the emergence of China as a 

significant influence on market linkages in Asia, due to the globalization of Chinese currency and its 

capital account (Arslanalp et al., 2016). Studies such as Auster and Foo (2015) highlight the 

importance of China in the Asia-Pacific region, given that China represents the largest equity market 

and the second largest bond market in the region.  

 

The increasing complexity of financial networks require techniques such as cluster analysis to 

estimate the dynamic linkages. According to Heaney and Hooper (2001), these methods are preferred 

over traditional methodologies such as regression analysis since they do not need the creation of 

global and regional market indices when comparing the global and regional impacts on linkages. The 

earliest study to construct financial networks is that by Mantegna (1999), who finds a hierarchical 

distribution of equities in the correlation network. Kenett et al. (2012) use a complex network 

approach to determine that higher coupling between global financial markets causes extreme 

volatility during times of global market crisis.  
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A gap found in the literature of market integration is the lack of use of partial correlations in 

estimating financial networks. Kenett et al. (2010), who introduce the partial correlation network to 

observe the influence of individual stocks on other stocks, find that the equities in the investment 

services sector have the most significant impact on the correlation structure. Kenett et al. (2015) build 

on their previous research by estimating partial correlation relationships between stocks from four 

prominent markets, the US, Japan, India and the UK, using a dependency network method. They find 

greater stability in developed financial markets and conclude that peers from outside of their primary 

sector classification influence equities. Another study, by Shapira et al. (2009) uses partial 

correlations to determine that the relationships with the market index rather than the inter-stock 

dependencies determine the linkages between stocks. A shortcoming of these studies is that that they 

do not investigate the dynamic nature of global market linkages: we aim to bridge this gap in the 

literature by assessing the complex networks between global equity markets, based on partial 

correlations. The network clustering method used in the study, called hierarchical clustering, offers 

several benefits, such as the ability to visualize the linkages between variables, and not requiring a 

pre-determined number of clusters as an initial parameter. Furthermore, the time-period used in this 

study includes two recession periods, which allows us to analyze how the global market crisis events 

impact regional and worldwide network linkages. 

 

According to the law of one price, assets with the same risk will generate the same expected 

returns across markets (Baele et al., 2004). Any discrepancies in asset prices between integrated 

markets are eliminated due to arbitrage buying and selling. If the law is to hold, then the linkages will 

lack any regional biases and, theoretically, the market linkages should display global characteristics. 

The literature, however, points to strong regional biases in market integration. Portes and Ray (2005) 

attribute regional market linkages to the information asymmetries caused by the physical distance 
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between markets. Also, local trade and monetary unions such as the NAFTA and the EU encourage 

regional linkages. The impact of the formation of the EU on the increase in market linkages of 

member countries in Europe is well documented in literature (Friedman and Shachmurove, 1997; 

Rangvid, 2001; Hardouvelis et al., 2006; Jappeli and Pagano, 2008; Wang and Moore, 2008; Bekaert 

et al., 2010; Bartram and Wang, 2011). Baele et al. (2004), using news-based measures, find that the 

process of regional integration in the Euro region has grown faster than global integration. Similarly, 

according to Mobarek (2003), Gilmore and McManus (2004), Darrat and Zhong (2005), and Bayoumi 

and Swiston (2008), the dismantling of trade barriers, due to trade unions such as the NAFTA, has 

increased regional linkages in the Americas. Given the change in the dynamics of financial networks, 

it becomes necessary to test the hypothesis that the market linkages display regional biases. The study 

tests this hypothesis: partial correlations are used to estimate the linkages and the financial networks 

are mapped using cluster analysis. Such methods are preferred over traditional methodologies such 

as regression analysis, since cluster analysis do not need the creation of global and regional market 

indices when comparing the global and regional impacts on linkages (Heaney and Hooper, 2001).  

H0a: Market linkages are regional, i.e., financial markets are linked within common geographic 

regions. 

H1a: Market linkages are global, i.e., financial markets are connected between geographic 

regions. 

 

Debate in the existing literature is whether a) market linkages change over time, portraying 

increasing ties or whether b) market linkages increase during periods of crisis due to contagion 

effects. Several studies document the growth in market linkages over time (Longin and Solnik, 1995; 

Meric et al., 2001; Brooks and Del Negro, 2004; Kizys and Pierdzioch, 2009; Roxburgh et al., 

2009). Bekaert and Harvey (1995) refer to the markets depicting time-variant linkages as a rejection 
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of ICAPM. These increasing linkages are attributed to the economies integrating due to increasing 

trade relationships and capital mobility (Pretorius 2002; Beck et al., 2012). However, several 

empirical studies in finance also find the phenomenon of contagion, which leads to the importing of 

foreign volatility despite any economic linkages. The existence of contagion effects is validated 

during the 1987 crisis (Arshanapalli and Doukas, 1993), the 1997-1998 emerging markets crisis 

(Meric et al., 2001) and the 2008 market crisis (Bartram and Wang, 2011). Baele et al. (2004) 

present another perspective by stating that the market linkages depicted by correlations are expected 

to increase during times of market crisis or volatility, due to changes in the business cycle, and have 

no relationship with changes in the economy or financial system. Due to the variation in the 

empirical evidence, it becomes necessary to test the hypothesis that market linkages change during 

periods of market crisis. The study examines this hypothesis by estimating partial correlations 

estimates before, during and after the two market crises – the early-2000 and the 2008 GFC events. 

H0b: Market linkages change during periods of market crisis but return to normal levels after 

the crisis is over. 

H1b: Market linkages continue to increase irrespective of normal or crisis periods. 

 

Theoretically, as markets integrate, due to the law of one price, diversification opportunities 

should also decline. To improve risk-adjusted returns, investors typically seek out global 

investments in markets with weak correlations between asset returns. Studies such as those by 

Bekaert and Harvey (1995) and Chambet and Gibson (2008) point out that because the emerging 

markets are segmented and weakly integrated with other markets, they offer portfolio diversification 

opportunities. However, increasing market linkages, as depicted by short-run correlation type or 

long-run cointegration relationships, pose a challenge to interventional portfolio diversification 

motives. Cointegration relationships indicate that diversification opportunities exist only in the 
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short-term, as asset prices diverge, but are expected to be eliminated in the long-run as they converge 

to the long-run stochastic trend (Canarella et al., 2008). Furthermore, the increase in correlations 

during a market crisis is empirically shown to impact portfolio diversification strategies adversely 

(Bekaert and Harvey, 2003; Yang et al., 2003; Kearney and Lucey, 2004, Quan and Huyghebaert, 

2004; Chowdhry et al., 2007). However, the use of cross-correlations in measuring linkages is 

problematic: it does not discount the effects of third or other markets on the relationship between 

two markets. The third variable effect, especially during times of market crisis, can cloud the real 

or direct linkages between markets. Therefore, this research tests this hypothesis by using partial-

correlations, which can eliminate the impact of third or other markets when estimating the linkages 

between two markets.  

H0c: Portfolio diversification ceases to exist during periods of financial crisis. 

H1c: Portfolio diversification opportunities continue to exist during periods of financial crisis.  

 

According to the law of one price, the availability of full information increases the efficiency 

in the global market and removes any pulls from particular markets in the financial network. 

However, the empirical literature singles out the role of several prominent markets such as the US, 

the UK, Japan and China in swaying global linkages (Ng, 2000; Chan-Lau and Ivaschenko, 2003). 

In particular, the role of the largest financial market, the US, is validated by studies such as that of 

Canerella et al. (2008), who find the transmission of volatility during periods of market crisis from 

the US to the regional NAFTA markets. Several other studies identify linkages between the US and 

other markets in the Americas (Johnson and Soenen, 2003), in Germany (Baur and Jung, 2006) and 

in Latin America (Fernández-Serrano and Sosvilla-Rivero, 2003; Lahrech and Sylwester, 2011). 

Bayoumi and Bui (2012) find that the shocks from the US tend to transmit to other countries rather 

the other way around; they also find spillovers between the UK and Europe and between Europe and 
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Japan. Recent studies by Shu et al. (2015) and Arslanalp et al. (2016) document the growing influence 

of China’s influence on Asian financial markets, such as the financial spillovers from China to 

regional markets due to their growing trade relationship.9 The study investigates the impact of these 

prominent markets on regional and global financial networks. 

H0d: Prominent financial markets exert tremendous influence on global and regional financial 

networks. 

H1d: Prominent financial markets do not exert any influence on global and regional financial 

networks.  

 

 

3.3 Methodology 

3.3.1 Data 

 

The study uses the log returns of the stock market indices of 25 countries from July 1997 to 

April 2015, based on the weekly MSCI local currency country market indices (Table 3.1). 10 We 

obtain the data from the Thomson Reuters DataStream database. 

 

Table 3.1: Regions and countries – partial correlations 
AMERICAS Argentina (AR), Brazil (BR), Canada (CA), Mexico (MX), United States of America (US) 

ASIA-

PACIFIC 

Australia (AU), China (CN), Hong Kong (HK), India (IN), Japan (JP), New Zealand (NZ), 

Singapore (SG), Indonesia (ID), Malaysia (MY), South Korea (KR) 

EUROPE Denmark (DN), France (FN), Germany (GM), Greece (GR), Italy (IT), Norway (NO), Russia (RU), 

Switzerland (SZ), Sweden (SW), United Kingdom (UK)  

 

                                                           
9 The prominence of China is depicted by its share of global stock market capitalization, which has risen from 1.5% in 

2003 to 10.5% in 2016, ranking second after the US. Source: http://www.businessinsider.com/world-stock-market-

capitalizations-2016-11, retrieved on November 25, 2016. 
10 The weekly data reduces the issues arising out of trading in different time zones and intra-day trading patterns while 

allowing for the availability of a larger number of observations compared to monthly returns. 

http://www.businessinsider.com/world-stock-market-capitalizations-2016-11
http://www.businessinsider.com/world-stock-market-capitalizations-2016-11
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The returns of each stock market are calculated using Equation (3.1) as below: 

 

𝑅𝑡 = ln 𝑃𝑡 − ln 𝑃𝑡−1                           (3.1) 

 

where 𝑅𝑡  is the market returns, 𝑙𝑛 𝑃𝑡   is the current weeks’ price level and 𝑙𝑛 𝑃𝑡−1 is the previous 

weeks’ price level, both in local currency.11 In order to conduct a time-variant analysis, five sample 

periods are used as follows:  

 

• Period 1: Pre-2000 recession period from January 1997 to February 2001. 

• Period 2: Early 2000 recession period from March 2001 to November 2001 – the market 

collapse due to the dot-com bubble burst and the 9/11 terrorist attacks in the US occurred 

during this period. 

• Period 3: Pre-2008 recession period from December 2001 to November 2007.  

• Period 4: 2008 recession period from December 2007 to June 2009 – this period is 

characterized by the GFC. 

• Period 5: Post-2008 recession period from July 2009 to April 2015.  

 

The timeline of the two market crises and the ensuing recession are based on the US market 

cycles of expansion and contraction,12 given that these crisis events affected several regional and 

global markets.13 

 

                                                           
11 The use of local currency improves the accuracy of the price fluctuation in the equity markets (Mink, 2015). 
12 The timeline for the recessions (Periods 2 and 4) is as per the NBER. More details are available at: 

http://www.nber.org/cycles/cyclesmain.html, retrieved on March 6, 2016. 
13 Source: http://www.forbes.com/fdc/welcome_mjx.shtml, retrieved on March 14, 2016. 

http://www.nber.org/cycles/cyclesmain.html
http://www.forbes.com/fdc/welcome_mjx.shtml
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3.3.2 Partial Correlations 

 

The use of partial correlations overcomes the limitations of the third variable noted with the 

total correlation method. For example, in a group of market indices, one may find a significant 

correlation between two markets (x, y). However, this association between x and y can be the result 

of their correlations with a market m or other market indices. Using partial correlation can remove 

the effect of m or the remaining market indices, and the direct relationship or coefficients between x 

and y can be estimated as follows: 

 

𝜌(𝑥, 𝑦: 𝑚) =  
 𝜌(𝑥,𝑦)− 𝜌(𝑥,𝑦)𝜌(𝑥,𝑦)

√[(1−𝜌2(𝑥,𝑚)][(1−𝜌2(𝑦,𝑚)]
                         (3.2) 

 

The partial correlation 𝜌(𝑥, 𝑦: 𝑚), between variables 𝑥 and 𝑦 conditioned on variable 𝑚, is the 

Pearson correlation coefficient between the residuals of 𝑥 and 𝑦 that is uncorrelated with 𝑚. The log 

likelihood ratio (LR) test is used to test the significance of the linkages between market pairs. 

Furthermore, we construct time-variant weighted partial correlation network plots across the three 

regions. The nodes in the networks are the equity markets and the edges the partial correlations of 

log returns, with the colors red and blue depicting positive and negative correlations, respectively. 

The absolute value of the partial correlations represents the thickness of the linkages – the bigger the 

absolute values, the thicker the linkages. An advantage of these visual networks is that they allow the 

observation of the time-variant dynamics of the inter-regional market linkages. 
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3.3.3 Network Clusters 

 

Network analysis can capture the dynamic structure of market relationships amongst a set of 

nodes. It not only allows the identification of complex market linkages but also shows how the 

clusters evolve in the financial networks highlighting the regional and global influences (Heaney and 

Hooper, 2001). The hierarchical filtering, or the agglomerative clustering method based on Ward’s 

minimum variance (Ward, 1963), is used to construct the networks using partial correlation 

coefficients. Based on this approach, the analysis of variance (ANOVA) sum of squares between the 

two clusters is used to determine the distance between them as follows: 

 

𝐷𝑘𝑙 =  
‖𝑥𝑘̅̅̅̅  −  𝑥�̅�‖‖𝑥𝑘̅̅̅̅  −  𝑥�̅�‖ 

1

𝑁𝑘
+

1

𝑁𝑙

                                               (3.3) 

 

where ‖𝑥‖ is the Euclidean length of the vector 𝑥 or the square root of the sum of the squares of 𝑥. 

The advantages of using this hierarchical clustering method over alternative methods such as the K-

means clustering are that it does not require a predetermined cluster and it provides a better 

representation of the network structure. 

 

The clusters in the network are identified by constructing constellation and dendrogram plots 

for each period. The constellation plots not only visualize the clusters but also estimate the distance 

between them. Dendrograms, which are hierarchical binary tree plots, are then used to assess when 

the markets enter the clusters.  

 

The objective of the cluster analysis is to detect patterns within the financial networks by 

segmenting the market data into various groups or clusters in which the markets within the clusters 
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are relatively homogenous, yet the clusters differ from each other. The clusters are mapped, with the 

three clusters depicting the colors green, red and blue in each of the five periods. The constellation 

plots arrange the equity markets as endpoints, where each cluster joins the network as a new point 

and the equity markets represent each of the nodes. The circle in each plot refers to the root of the 

tree, and the colors represent the various clusters, with the length of the lines between the clusters 

depicting the distance between them.  

 

 

3.4 Results 

3.4.1 Descriptive Statistics 

 

The plots of the equity log price indices depict similar patterns of steady growth and decline in 

equity markets, although some exceptions are noted (Figures 3.1a, 3.1b, 3.1c). For example, whereas 

the markets in the Asia-Pacific react negatively to the Asian crisis of 1998-1999, no downward trend 

is discovered in the Americas. Similarly, reaction to the Russian crisis of 1998 resonates in Europe 

but fails to have an impact in the Americas. However, the negative sentiments arising out of the 2008 

market crisis are evident across the three regions. According to Table 3.2, Denmark is the best-

performing stock market in Europe over the full sample period. Mexico tops the markets in the 

Americas, and the Indian stock market outperforms other markets in the Asia-Pacific region.  

 

 

 



95 

 

                                      Figure 3.1a: Equity market indices – Americas 
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                                Figure 3.1b: Equity market indices – Asia-Pacific 
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                                 Figure 3.1c: Equity market indices – Europe 
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Notes: (1) The figures depict the log scaled value of the market indices by regions. (2) Figure 3.1(a) depicts the log-

returns of equity market indices in the Americas – Argentina (AR), Brazil (BR), Canada (CA), Mexico (MX), United 

States of America (US); Figure 3.1 (b) depicts the log-returns of equity market indices in the Asia-Pacific – Australia 

(AU), China (CN), Hong Kong (HK), India (IN), Japan (JP), New Zealand (NZ), Singapore (SG), Indonesia (ID), 

Malaysia (MY), South Korea (KR); Figure 3.1c depicts the log-returns of equity market indices in Europe – Denmark 

(DN), France (FN), Germany (GM), Greece (GR), Italy (IT), Norway (NO), Russia (RU), Switzerland (SZ), Sweden 

(SW), United Kingdom (UK) (3) Data Source: Thomson Reuters DataStream database (4) Market declines are observed 

in Asia-Pacific during the 1998-1999 period, in Europe during 1998 and in all regions during the 2008 market crisis. 
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Table 3.2: Descriptive analysis (full sample period)  
Mean Median Std. Dev. Skewness Kurtosis Jarque-Bera*  

Americas 

AR 0.0792 0.1643 2.3331 -0.3321 7.1761 724.9188  

BR 0.0761 0.1856 1.7536 -0.5342 7.1215 734.9458  

CA 0.0451 0.1452 1.1253 -0.7067 8.7645 1428.1420  

MX 0.1071 0.1809 1.4396 -0.1940 7.3201 762.7522  

US 0.0439 0.0959 1.1005 -0.7383 9.0895 1591.7830  

Asia-Pacific 

AU 0.0358 0.1127 0.9284 -0.7844 8.0034 1114.7240  

CN -0.0112 0.1103 1.9929 -0.3481 6.0671 401.0247  

HK 0.0184 0.0953 1.4563 -0.5165 6.6286 577.0687  

IN  0.0964 0.2245 1.5295 -0.4107 5.5035 281.4544  

ID 0.0768 0.1543 2.0755 -0.0620 8.6275 1284.5330  

JP 0.0018 0.0730 1.2378 -0.7039 7.0141 733.5997  

KR 0.0649 0.1310 1.8657 -0.2702 6.2995 453.1953  

MY 0.0108 0.0804 1.3525 0.2041 14.2145 5105.5020  

NZ -0.0038 0.0389 0.9671 -0.2514 5.6586 296.8076  

SG 0.0127 0.0609 1.3263 -0.5082 9.9628 2007.3530  

Europe 

DN 0.0902 0.1502 1.2330 -1.1258 10.7501 2640.6410  

FN 0.0355 0.1066 1.3228 -0.7500 8.2352 1202.3620  

GM 0.0377 0.1827 1.4400 -0.6371 7.5503 905.2557  

GR -0.0793 0.0504 2.2078 -0.7612 8.6705 1397.5580  

IT 0.0144 0.1358 1.4392 -0.8012 9.0036 1565.3200  

NO 0.0321 0.1758 1.4302 -1.0261 10.0064 2160.9000  

RU 0.0659 0.1656 2.8640 -0.0635 10.4871 2273.2810  

SW  0.0570 0.1932 1.4684 -0.5197 7.1090 728.2955  

SZ 0.0371 0.1460 1.1814 -1.0400 14.2094 5269.4680  

UK 0.0176 0.0856 1.0751 -0.9752 13.2115 4381.7120  

Notes: (1) * The Jarque-Bera tests for each market are significant at the 5% significance level (2) Data Source: Thomson Reuters 

DataStream database (3) Weekly data is used for the period July 1997-April 2017 (n =955). 

 

Furthermore, as expected, the Jarque-Bera test results indicate that the normality conditions are 

rejected in all markets, over the full sample period (significance level of 5%), suggesting that the 

returns are far from normal distributions. All markets except Malaysia report negative skewness. 

Elevated levels of volatility are evident during times of market crisis (Figure 3.2). In contrast to the 

2001 market crisis, a substantial increase is observed in market volatility during the 2008 crisis, with 

an increase of 104% in the standard deviation of market returns. Markets such as Argentina, 

Indonesia, and Russia report significant volatility over the full sample period.  

 

 



98 

 

 
Note: The volatility, depicted by the standard deviation of the market returns, shows elevated levels during the periods of market crisis, 

with higher levels reported for the GFC compared to the dot-com bubble burst.  

 

 

3.4.2 Time-variant Networks 

 

Partial correlations networks can shed light on how market cycles affect financial linkages 

corresponding to various time-periods (Figures 3.3a, 3.3b, 3.3c, 3.3d, 3.3e).14 The results show that 

the network crisis increases during both the crisis periods, with some differences. Unlike the 2008 

market crisis, the dot-com crisis period reports a greater number of market pairs with a correlation 

coefficient above 0.50, along with several market pairs with correlation below the value of -0.50. For 

instance, although only one market pair reports a positive correlation higher than 0.50 in Periods 1 

and 3, the numbers increase to 22 in Period 2 and 4 in Period 4, signifying tightening of market 

linkages. However, the number of market pairs with negative correlations also increases during times 

of market crisis. Around 35% of the total pairs report negative correlations during Period 1, which 

                                                           
14 Appendix A (Tables A.1, A.2, A.3) shows the partial correlation by regions for each sample period. 
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increases to 49% in Period 2, dropping to 34% in Period 3, increasing to 43% in Period 4 and falling 

slightly to 40% in Period 5. This result indicates that not all markets move in the same direction as 

expected during times of crisis. Interestingly, most market pairs with negative correlations depict 

inter-regional patterns whereas those reporting positive correlation are regional.  

 

The significance of the linkages is further tested by using the Log LR test at a significance level 

of 5% over the five periods. (Table A.4, A.5, A.6, A.7, A.8 in Appendix A). The results show that 

most of the networks in the Americas and Europe are regional. However, those in the Asia-Pacific 

are global during times of market crisis and regional during other periods. The existence of NAFTA 

and EMU are possible reasons for higher local network traffic in the Americas and Europe. The 

prevalence of global traffic depicted by the inter-regional ties in the Asia-Pacific region indicates 

lower levels of financial market integration within this region, compared to the other areas. 
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     Figure 3.3a: Partial correlations network (Period 1)  Figure 3b: Partial correlation network (Period 2) 

  

 Figure 3.3c: Partial correlation network (Period 3)  Figure 3.3d: Partial correlation network (Period 4) 

  
 

        

    Figure 3.3e: Partial correlation network (Period 5) 

 
 

 Notes: (1) The colors red and blue depict positive and negative correlations, respectively. (2) The absolute value of the 

partial correlations represents the thickness of the linkages – the bigger the absolute values, the thicker the linkages. (3) 

Results show that the two periods report elevated levels of network traffic, especially the dot-com crisis. 
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Extending the investigation, the study estimates the trends in average partial correlations for all 

market pairs, along with those reporting positive and negative correlations (Figure 3.4). By separating 

the market pairs according to positive and negative correlations, we can isolate the effects of market 

turbulence, given the expectation that the market crisis increases positive correlations between 

markets (Solnik et al., 1996). The results show no distinct trend in average partial correlations over 

the five periods, which can be due to the positive and negative trends offsetting each other: several 

market pairs report an increase and decrease in partial correlations. Another plausible reason for this 

result is the use of partial correlations, which is likely to tune out the noise from other markets, as 

compared to other studies using unconditional correlations, such as by Carrieri et al. (2007). 

However, the market pairs grouping according to positive and negative correlations shows an 

increasing trend during Periods 2 and 4, with higher spikes observed during the dot-com crisis 

compared to the GFC period. Interestingly, these results show that although most market pairs move 

together during a market crisis, several move in the opposite direction. Thus, the markets continue to 

offer risk diversification opportunities, contrary to findings in previous studies of a decline in such 

opportunities during times of crisis. It is interesting to note that, theoretically, changes in economic 

fundamentals such as trade and macroeconomic variables are likely to influence the time-variant 

linkages between financial markets (Beck, 2012). However, the elevated ties during the market crisis 

and the decline after the market crisis indicate the presence of a contagion effect and not a general 

increase in interdependence between the markets.  
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Notes: (1) The average partial correlations for all market pairs depict no trend over the five periods. (2) The partial correlations for 

market pairs with positive and negative correlation show an increasing trend during the two periods of market crisis, especially during 

the dot-com crisis period signifying financial contagion. 

 

 

3.4.3 Regional Networks 

 

A regional analysis of partial correlations can identify how the linkages in the market network 

vary by geographic regions. It is expected that stronger economic ties in common geographical 

regions will translate into higher market linkages. To isolate the regional influence on market 

linkages, we can estimate the average partial correlations for the regions, along with the average 

estimates from pairs consisting of local and global markets, such as Americas–Global, Asia-Pacific–

Global, and Europe–Global (Table 3.3). For example, Americas–Global refers to the average partial 

correlations between market pairs consisting of a market in the Americas and a market from either 

Europe or the Asia-Pacific region. The results indicate that the equity markets in the Americas report 

higher partial correlations than those of the other two regions, which may be due to the strong 

influence of the US and NAFTA in the region.  

Avg. partial correlations (all 
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-0.25

-0.15

-0.05

0.05

0.15

0.25

0.35

Period 1 Period 2 Period 3 Period 4 Period 5

Figure 3.4: Mean of partial correlations
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Similar to Section 3.5.2, the results in Table 3.3, indicate that during times of market crisis, the 

increase in negative correlations offsets any increase in positive correlations between other market 

pairs. Thus, contrary to current understanding found in the literature, the prevalence of negative 

correlations does not lead to an increase in average correlations during periods of market crisis. 

However, by excluding the market pairs that report negative correlation, we can detect increases in 

positive correlations in Europe and Asia-Pacific in the second period and in all regions during the 

fourth period, supporting results from previous studies such as IMF (2008). The increase in negative 

correlations rejects the hypothesis that times of market distress offer insufficient portfolio 

diversification opportunities.  

 

Previous research such as that of Schmukler (2004) finds that the decline in market 

segmentation due to increasing globalization may lead to higher market linkages. We test this 

hypothesis by investigating if the partial correlations increase over the sample period. The results 

show that none of the three regions report a substantial increase in average correlations between the 

first and the last period (Table 3.3). Excluding the market pairs reporting negative associations reveals 

a slight increase in the Asia-Pacific and Europe and a decline in the Americas. Thus, the results fail 

to find an increase in market linkages due to decreasing market segmentation. 
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Table 3.3: Partial correlations – regional and global market pairs 
  Period 1 Period 2 Period 3 Period 4 Period 5 Avg. 

All market pairs 

Americas–Regional 0.17 0.12 0.14 0.16 0.11 0.14 

Asia-Pacific–Regional 0.07 0.06 0.08 0.07 0.08 0.07 

Europe–Regional 0.08 0.07 0.08 0.08 0.07 0.08 

Americas–Global 0.02 0.02 0.02 0.01 0.02 0.02 

Asia-Pacific–Global 0.01 0.00 0.01 0.01 0.01 0.01 

Europe–Global 0.01 0.01 0.01 0.01 0.01 0.01 

Excluding markets pairs with negative correlations 

Americas–Regional 0.32 0.24 0.16 0.26 0.14 0.22 

Asia-Pacific–Regional 0.11 0.31 0.10 0.17 0.12 0.16 

Europe–Regional 0.12 0.33 0.13 0.22 0.14 0.19 

Americas–Global 0.06 0.19 0.08 0.18 0.07 0.12 

Asia-Pacific–Global 0.06 0.21 0.06 0.16 0.07 0.11 

Europe–Global 0.06 0.25 0.07 0.17 0.07 0.12 
Note: The table estimates the average partial correlations for the regions, along with the average estimates from pairs consisting of local 

and global markets for all market pairs and for those excluding market pairs with negative correlations. 

 

 
Furthermore, one can investigate how the direct linkages evolve between the regions (Figures 

3.5a, 3.5b) by estimating the partial correlations between the market pair from two different regions 

(Americas–Asia-Pacific, Europe–Asia-Pacific, and Americas–Europe). Results show that these inter-

regional ties increase during times of market crisis. The linkages are higher during the dot-com crisis 

(Period 2) compared to the GFC (Period 4), with the markets between Europe and Asia-Pacific 

topping the connection during the first crisis. The tighter linkages between the Americas and Europe 

during the GFC period correspond to the credit and banking crisis mainly affecting markets in these 

two regions (Bordo and Landon, 2010). 
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The partial correlation plots for each region can be used to visually detect causal relationships 

in the financial networks, by adjusting for other variables (see Figures 3.6a to 3.6o). The circular 

plots display linkages between nodes by regions over the five sample periods. The red and the blue 

edges depict positive and negative partial correlations between markets, respectively, with the 

thickness of the edges indicating the strength of the correlations. The results show that the network 
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traffic intensifies during the period of turbulence and eases during the post-crisis period. The network 

reports an increase in the nodes (both positive and negative) and the thickening of the edges between 

the nodes. Market pairs with strong trade relationships indicate an increase in the network linkages. 

For example, the US–Canada and the US–Mexico in the Americas indicate strong ties, which may 

be attributed to the NAFTA.15 In the Asia-Pacific, strong ties exist amongst Hong Kong–China and 

Singapore–Hong Kong, both market pairs with strong regional trade and financial relationships.16 

Similarly, significant trade partnerships such as Germany–France and the UK–France top the list of 

markets in Europe.17  

 

  Figure 3.6a: Period 1 – Americas  Figure 3.6b: Period 1 – Asia-Pacific  Figure 3.6c: Period 1 – Europe 

   
      

  Figure 3.6d: Period 2 – Americas    Figure 3.6e: Period 2 – Asia-Pacific  Figure 3.6f: Period 2 – Europe 

   
    

                                                           
15 The US is the largest bilateral trading partner of Canada and Mexico, Source: 

https://www.wto.org/english/res_e/statis_e/its2015_e/its2015_e.pdf, retrieved on June 1, 2016. 
16 China is the largest export destination for Hong Kong products and services, and Hong Kong is the second largest 

destination for China. Also, China is the top import market for Singapore. Source: 

https://www.cia.gov/library/publications/the-world-factbook/fields/2050.html, retrieved on June 1, 2016. 
17 The top destination for German exports is France and vice-versa. Also, France is the fourth largest recipient of the 

UK’s exports. Source: https://www.cia.gov/library/publications/the-world-factbook/fields/2050.html, retrieved on June 

1, 2016. 

https://www.wto.org/english/res_e/statis_e/its2015_e/its2015_e.pdf
https://www.cia.gov/library/publications/the-world-factbook/fields/2050.html
https://www.cia.gov/library/publications/the-world-factbook/fields/2050.html
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Figure 3.6g: Period 3 – Americas    Figure 3.6h: Period 3 – Asia-Pacific Figure 3.6i: Period 3 – Europe 

   
  Figure 3.6j: Period 4 – Americas     Figure 3.6k: Period 4 – Asia-Pacific    Figure 3.6l: Period 4 – Europe 

  

      Figure 3.6m: Period 5 – Americas   Figure 6n: Period 5 – Asia-Pacific    Figure 3.6o: Period 5 – Europe 

   
Notes: (1) The partial correlation plots display linkages between nodes by regions over the five sample periods. (2) The red and 

the blue edges depict positive and negative partial correlations between markets, respectively, with the thickness of the edges 

indicating the strength of the correlations. (3) Results indicate that the market crisis periods report an increase in network traffic 

compared to the other periods. 
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3.4.4 Markets of Influence  

 

This section selects the top global financial markets based on their capitalization —the US, 

China, Japan, and the UK – to investigate the hypothesis that prominent global stock markets 

influence market networks.18 Table 3.4 depicts the partial correlation estimates between market pairs 

consisting of the four prominent financial markets and the various regions: the results are shown for 

all market pairs and for those excluding market pairs depicting negative correlations. We find that 

the US displays greater regional linkages compared to the other three markets, especially in the 

Americas, with an average partial correlation of 0.14. China, Japan, and the UK also report higher 

regional linkages.  

 

The results are contrary to the results of previous research (Ng, 2000; Chan-Lau and 

Ivaschenko, 2003), which finds that these markets display greater global versus local linkages. The 

market pairs reporting positive correlations also report similar results. All four markets report higher 

average positive partial correlations within their respective regions compared to other areas: the US 

(0.22), China (0.20), the UK (0.19) and Japan (0.14) as depicted in Table 3.4. Also, significant 

increases in positive correlations reported during times of market crisis decrease after the crisis period 

is over alluding to the presence of financial contagion. 

 

 

 

 

 

 

                                                           
18 See: https://www.quandl.com/collections/economics/stock-market-capitalization-by-country, retrieved on May 25, 

2106. 

https://www.quandl.com/collections/economics/stock-market-capitalization-by-country
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Table 3.4: Partial correlations – markets of global influence 

  Period 1 Period 2 Period 3 Period 4 Period 5 Avg. 

All market pairs 

US–Americas 0.18 0.07 0.21 0.09 0.15 0.14 

US–Europe 0.04 0.06 0.02 -0.02 0.06 0.03 

US–Asia-Pacific -0.01 -0.03 -0.01 0.05 0.00 0.00 

US–World 0.04 0.02 0.04 0.03 0.05 0.04 
              

China–Asia-Pacific 0.09 -0.03 0.13 0.16 0.11 0.09 

China–Americas 0.02 -0.02 0.01 -0.03 0.06 0.01 

China–Europe 0.00 -0.04 -0.02 -0.06 -0.01 -0.03 

China–World 0.04 -0.03 0.04 0.03 0.05 0.03 
              

Japan–Asia-Pacific 0.04 0.07 0.08 0.05 0.06 0.06 

Japan–Americas 0.02 0.01 0.00 0.04 -0.01 0.01 

Japan–Europe 0.02 -0.01 0.02 0.03 0.03 0.02 

Japan–World 0.03 0.02 0.04 0.04 0.03 0.03 
              

UK–Europe 0.08 0.01 0.11 0.16 0.09 0.09 

UK–Americas 0.01 0.09 0.04 0.07 0.05 0.05 

UK–Asia-Pacific 0.01 0.00 -0.02 -0.07 0.02 -0.01 

UK–World 0.04 0.02 0.04 0.05 0.05 0.04 

Excluding market pairs with negative correlations 

US–Americas 0.27 0.23 0.21 0.25 0.15 0.22 

US–Europe 0.07 0.24 0.12 0.20 0.09 0.15 

US–Asia-Pacific 0.04 0.08 0.08 0.18 0.04 0.09 

US–World 0.10 0.18 0.14 0.20 0.09 0.14 
              

China–Asia-Pacific 0.13 0.36 0.16 0.18 0.19 0.20 

China–Americas 0.06 0.29 0.07 0.19 0.12 0.15 

China–Europe 0.09 0.38 0.02 0.21 0.05 0.15 

China–World 0.10 0.35 0.10 0.19 0.13 0.18 
              

Japan–Asia-Pacific 0.08 0.28 0.09 0.13 0.09 0.14 

Japan–Americas 0.09 0.23 0.04 0.14 0.11 0.12 

Japan–Europe 0.06 0.26 0.05 0.14 0.08 0.12 

Japan–World 0.07 0.27 0.06 0.14 0.09 0.13 
              

UK–Europe 0.12 0.29 0.16 0.28 0.09 0.19 

UK–Americas 0.10 0.20 0.07 0.21 0.05 0.12 

UK–Asia-Pacific 0.07 0.14 0.05 0.14 0.02 0.08 

UK–World 0.10 0.19 0.10 0.22 0.05 0.13 
Note: The table depicts the partial correlation estimates between market pairs consisting of the four prominent financial markets and 

the various regions 

 

 

3.4.5 Network Clusters  

 

Figures 3.7a, 3.7b, 3.7c, 3.7d, and 3.7e depict the clusters using a geographical map and the 

associated constellation plots by sample periods.  
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Figure 3.7a: Period 1–Market Clusters 

  

 

Figure 3.7b: Period 2–Market Clusters 

  

 

 

Figure 3.7c: Period 3–Market Clusters 
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Figure 3.7d: Period 4–Market Clusters 

  
Figure 3.7e: Period 5–Market Clusters 

  
  Notes: (1) The figures depict the equity market clusters using a geographical map and the associated constellation plots by the five 

sample periods. (2) The clusters are mapped, with the colors green, red and blue, denoting the three clusters in each of the five periods. 

(3) The constellation plots arrange the equity markets as endpoints, where each cluster joins the network as a new point and the equity 

markets represent each of the nodes. (4) Results show that the clusters are mainly formed based on geographic proximity; however, these 

patterns are broken during times of market crisis. 

 

 

In Period 1, the market clusters are formed mostly based on geographic similarities (Figure 

3.7a). The first group (red) consists of markets predominately from the Americas, excluding Canada 

and the US. The second group (green) includes all the European markets along with Canada, the US 

and five Asia-Pacific markets — Australia, New Zealand, Japan, South Korea, and India. The third 

smaller cluster (blue) is predominately Asian, including the markets of China, Hong Kong, Singapore, 

Indonesia, and Malaysia. The clustering of these East Asian markets can be attributed to the Asian 

currency crisis during this period. 
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Despite the dot-com crisis in the US, the clusters in the second period do not display geographic 

patterns (Figure 3.7b). However, the largest cluster consists of the US, along with several global 

markets, reflecting the crisis transmission from the US to the countries in this group. Similar to the 

first period, clusters are formed on geographic patterns in the third period, especially in the Americas 

(Figure 3.7c). The other two groups are mainly European and Asia-Pacific. The GFC event, which 

occurs during the fourth period, is marked by market upheaval spreading from the US to several global 

markets (Figure 3.7d). However, the significant clustering with the US, evident during the dot-com 

bubble crisis, is not evident during this crisis period; nor do we observe clusters based on regional 

patterns. The regional patterns return in the last period, with the clusters formed based on geographic 

patterns — the red cluster consists primarily of the markets in the Americas, the green cluster is all 

European, and the blue cluster mainly consists of the Asia-Pacific markets (Figure 3.7e). Although 

the existence of regional patterns in clusters supports previous studies such as that of Heaney and 

Hooper (2001), the results of our study indicate that the clusters change more chaotically and the crisis 

periods disrupt regional patterns. 

 

The dendrogram tree diagrams for each of the five periods can be used to determine the distance 

between the clusters (Figure 3.8). A scree plot is used to calculate the optimal number of clusters, 

with each branch in the plots representing a cluster with a distinctive color. The combined record is 

portrayed as a tree, where the single points are the leaves, the final single cluster of all points is the 

trunk, and the intermediate cluster combinations are the branches. The process starts with 
𝑛(𝑛+1) 

2
 

distances for 𝑛 points, with the horizontal axis depicting the distance or dissimilarity measure, and 

the width of a node the distance of the two clusters joined by a node. In order to deal with the issue 

of isolated outliers, the data is standardized by subtracting the robust column mean and dividing it by 

its standard deviation. The results indicate that the market pairs from the same regions depict lower 
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distance compared to those from different regions, as depicted by the rankings in Table 3.5. The 

market pairs with the smallest distance are Canada–US (Period 1), China–Hong Kong (Period 2), 

China–Hong Kong (Period 3), US–Mexico (Period 4) and China–Hong Kong (Period 5). 

  

The overall results show that geographical factors are important determinants of cross-border 

linkages during the times of regular economic activity – in particular, stronger linkages occur amongst 

economies closer to each other, and among those that are larger, developed, and financially more 

advanced. These findings support previous work which identifies information asymmetries due to the 

distance between markets (Portes and Rey, 2005; Bekaert et al., 2011). However, the key finding is 

that market crisis events disrupt regional patterns, leading to global instead of regional clusters. The 

clusters based on global patterns present opportunities for portfolio managers and traders to use active 

trading, based on geographic indicators, to source opportunities during times of market crisis.  
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Figure 3.8: Dendrogram 
 

          Period 1    Period 2    Period 3 

   

      
Period 4    Period 5 

  
Notes: (1) The figures depict dendrogram tree diagrams for each of the five periods. (2) The dendrograms can be used to determine the 

distance between the clusters colored red, green and blue (3) Results show that the markets within common regions depict lower 

distances, compared to those across regions. 
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Table 3.5: Cluster ranking – market pairs 

Ranking Period 1 Period 2 Period 3 Period 4 Period 5 

1 CA-US* CN-HK* CN-HK* MX-US* CN-HK* 

2 AR-BR* CA-US* FN-IT BR-CA* FN-IT* 

3 HK-SG* ID-MY* DN-SW* GR-RU* BR-MX* 

4 FN-GM* AR-GR MY-SG* AU-HK* ID-MY* 

5 AR-MX* JP-KR* AU-NZ* JP-IT GM-SZ* 

6 AU-NZ* GM-SZ* SZ-UK* CN-MY CA-NO 

7 SZ-UK* AU-IT JP-KR* DN-SZ* US-UK 

8 ID-MY* AR-RU CA-NO AR-NO AU-SW 

9 FN-SW* IN-SG* AR-RU NZ-UK JP-NZ* 

10 JP-KR* FN-UK BR-MX* KR-GM IN-SG* 

11 CN-HK* AU-CN* FN-GM* IN-SG* DN-GR* 

12 DN-NO* GM-NO* BR-US* AU-SW CA-US* 

13 FN-IT* AR-SW IN-GR IN-ID* IN-KR* 

14 IN-GR ID-DN IN-ID* AR-FN AR-RU 

15 IN-RU MX-NZ FN-SZ* BR-NZ IN-ID* 

16 IN-DN MX-GM AR-CA* JP-DN AR-BR* 

17 CN-ID MX-JP JP-MY* AR-CN AU-JP* 

18 AU-JP* BR-FN IN-DN* KR-GR FN-GM* 

19 FN-SZ* AR-AU AU-JP* AU-IN* AU-DN 

20 AU-IN* IN-ID* AR-BR AR-MX* AR-CA* 

21 CA-AU CA-IN AU-CN* BR-AU CN-IN* 

22 CA-FN BR-CA* AU-IN* BR-JP AU-CN* 

23 AR-CA* AR-BR* AR-AU BR-KR AR-FN 

24 AR-CN AR-MX* AR-FN AR-BR* AR-AU 
Notes: (1) The cluster ranking depicts the market pairs according to the distance between them, with higher ranking denoting lower 

distance. (2) * denotes market pairs located in a common geographic region.  

 

 

3.5 Conclusion 

 

The study uses partial correlation-based networks to estimate the linkages between global 

equity markets. Contrary to previous studies, the time-variant analysis shows no trend in the average 

linkages over time, even during periods of market crises, with several market pairs reporting an 

increase in both positive and negative correlations. This result contradicts previous studies such as 

that of Sandoval and Franca (2012), who find higher cross-linkages, along with elevated volatility, 

during times of market crisis. Our results indicate that most market pairs reporting negative 

correlations are global whereas those with positive correlations are regional. When the pairs reporting 
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negative correlations are excluded, the network traffic increases during the market crisis and reverts 

to pre-crisis levels after the crisis is over: this indicates financial contagion and not a general increase 

in interdependence. Thus, this study validates the idea that market sentiment, rather than changes in 

economic fundamentals such as a decline in market segmentation impact the time-variant equity 

market linkages. 

 

The results also depict that financial networks in the Americas and Europe are regional in both 

periods whereas those in the Asia-Pacific are global during the market crisis and regional otherwise. 

Regional comparisons show stronger market linkages in the Americas compared to the other regions. 

The networks between Europe and the Americas display greater traffic during the GFC period due to 

the similar nature of banking crisis occurring in both regions. Furthermore, contrary to expectations, 

the broad equity markets such as the US, China, Japan and the UK display greater regional linkages 

compared to global linkages. The network analysis confirms that geographical factors remain 

important determinants of market linkages during times of normal market activity, with clusters 

showing geographical traits. Also, the market pairs with shorter distances are likely to be located in 

the same region. However, market crisis disrupts these regional patterns, as the clusters become 

global.  

 

These results have important implications for market participants and policymakers. For 

investors and risk managers, the availability of global equity market pairs with negative correlations 

and market clusters presents opportunities for international portfolio diversification during market 

uncertainty, despite the increase in positive correlations between some markets. The increase in 

market pairs reporting negative correlations during times of market crisis also allows finance 

practitioners to engage in arbitrage trading opportunities (e.g., short selling). The disruption of 
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geographic patterns in cluster formation further raises the importance of active trading versus passive 

trading during such times. The results indicate that markets during uncertain times still present 

attractive opportunities for active trading and global portfolio diversification. Another important 

implication of the findings is that policymakers continue to face challenges: the increasing market 

linkages during times of market uncertainty lead to transmission of market volatility. They need to 

take into account the shifts in market linkages when evaluating policy responses during such periods, 

especially with the contagion effects caused by information effects from unrelated markets. 

  



118 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4: Cointegration Networks in Stock Markets 
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4.1 Introduction 

 

This study adopts a novel approach to analyze long-run linkages between markets using a 

network framework. This method allows us to capture the complexity of the relationships in 

evolving financial systems over time and across regions, which is hard to do using traditional 

methods such as correlation. The network analysis also enables the use of visualization techniques 

to detect complex interrelationship between markets. Very few studies (e.g., Roy and Sarkar, 2011; 

Hu et al., 2013) apply network analysis to financial markets; however, to the best of our knowledge, 

the present study is the first to estimate common stochastic trends or cointegration within a network 

framework. The regional factors that shape long-run network linkages are tested, and the network 

density is used to measure if traffic increases during times of crisis. Furthermore, the relationship 

between major financial markets (US, China, UK) and other markets is explored to determine if the 

markets of global significance are likely to influence networks across market cycles. 

 

The research has two important practical implications. First, the identification of long-run 

stochastic trends can help portfolio managers diversify their portfolios. Second, insights into the 

changes in linkages in market networks can assist policymakers to devise strategies to deal with 

market crises, especially those originating from across borders.  
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4.2 Hypothesis and Literature Review 

 

The existence of cointegrated markets contradicts the law of one price and the EMH; according 

to these traditional finance theories, change in the price of equity markets cannot be predicted. The 

available literature provides mixed results regarding the existence of long-term stochastic trends 

between the major global financial centers and other markets. For example, Pascual (2003), and 

Phengpis and Swanson (2006) find no cointegration relationships. Furthermore, Dimpfl (2014), who 

finds no cointegration-type relationships due to theoretical and statistical reasoning, finds that, since 

cointegration between markets is inhibited by company-specific innovations evident in share prices, 

and because stock market returns are a weighted average of random walk in stock prices, it is 

impossible for the individual stochastic trends to cancel out in a cointegration regression. These 

mixed results in the literature make it necessary to test if these financial centers exhibit broad long-

run stochastic trends with other markets. Lastly, the study examines this hypothesis by estimating 

cointegration networks with Engle-Granger methodology. 

H0e: Long-term common stochastic trends exist between financial markets. 

H1e: Financial markets lack long-run cointegration relationships.  

 

Furthermore, the study also tests three additional hypotheses (H0b, H0c, H0d), which are also 

tested and explained in detail in Chapter 3, Section 3.2.  Although these hypotheses are tested in the 

context of partial correlation networks in Chapter 3, they are also tested in this study using the 

cointegration framework. First, the study uses cointegration estimates before, during and after the 

two market crises – the early-2000 and the 2008 GFC events to test the hypothesis that the market 

linkages change during times of market crisis but return back to normal levels after the crisis is over.  
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H0b: Market linkages change during periods of market crisis but return to normal levels after 

the crisis is over. 

H1b: Market linkages continue to increase irrespective of normal or crisis periods. 

 

Second, the study measures the impact of financial centers on financial networks based on 

cointegration relationships. The existence of such linkages can lead to a decline in the portfolio 

diversification opportunities in the long run. 

H0c: Portfolio diversification ceases to exist during periods of financial crisis. 

H1c: Portfolio diversification opportunities continue to exist during periods of financial crisis.  

 

Third, the study investigate the impact of prominent markets – the US, the UK, Japan and China on 

regional and global financial networks estimated using cointegration methodology. 

H0d: Prominent financial markets exert tremendous influence on global and regional financial 

networks. 

H1d: Prominent financial markets do not exert any influence on global and regional financial 

networks.  

 

 

4.3 Methodology 

4.3.1 Data 

 

The natural log prices of weekly stock market indices of the MSCI local currency country 

market index from the Thomson Reuters DataStream database from July 1997 to April 2015 are used 

in this study, as depicted in Table 4.1.  
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Table 4.1: Markets 
AMERICAS Argentina (AR), Brazil (BR), Canada (CA), Mexico (MX), United States of America (US)  

ASIA-

PACIFIC 

Australia (AU), China (CN), Hong Kong (HK), India (IN), Japan (JP), New Zealand (NZ), 

Singapore (SG), Indonesia (ID), Malaysia (MY), South Korea (KR) 

EUROPE Denmark (DN), France (FN), Germany (GM), Greece (GR), Italy (IT), Norway (NO), Russia (RU), 

Switzerland (SZ), Sweden (SW), United Kingdom (UK)  

 

 

4.3.2 Cointegration Network 

 

We apply a combination of a network (Roy and Sarkar, 2011; Hu et al., 2013) and cointegration 

analysis (Engle and Granger, 2003) to estimate long-run market linkages. The networks depict the 

links between the market pairs over the three regions. The nodes or the vertices in the network are 

the equity markets, and the edges display cointegration linkages. The results are visualized using both 

weighted and unweighted networks. The weighted networks are constructed using the cointegration 

coefficients of market pairs – the bigger the absolute values of the coefficients, the thicker the width 

of the edges.19 Furthermore, the density of the networks is calculated using a density score. The score 

ranges from 0 to 1, with a higher score indicating higher density, and is calculated as follows: 

 

     D = E / N(N-1)                                   (4.1) 

 

where E is the total number of actual linkages and N is the total number of nodes. While the weighted 

networks depict the long-run relationships between the equity markets, the unweighted networks 

visualize the network traffic. 

 

                                                           
19 Average coefficients are used to calculate weights in cases where two-way directed linkage exists between market 

pairs.  
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Although some studies, such as those of Chung and Liu (1994) and of Yang et al. (2014), 

measure cointegration between global markets, they suffer from a small sample bias, especially 

when accounting for market crises that last for a short period.20 Our study addresses this 

shortcoming by using a longer weekly data. The data is divided into two periods corresponding to 

the periods of calm and turbulence in market index returns to observe the change in linkages during 

market distress. The ability to compare the relationships over the two periods is a useful addition to 

the current literature, given that long-run relationships might break during times of market 

turbulence. 

 

The two sample periods used are as follows:  

 Period of turbulence: Early 2000 recession period (March 2001 to November 2001) plus the 

2008 recession period (December 2007 to June 2009).  

 Period of calm: Pre-2000 recession period (January 1997 to February 2001) plus the pre-2008 

recession period (December 2001 to November 2007) and the post-2008 recession period 

(July 2009 to April 2015).  

 

 

4.4 Results 

 

The unweighted networks depict the regional linkages by dotted lines and the global linkages 

by solid lines, with the blue, orange and green nodes representing the markets in the Americas, 

Europe, and Asia-Pacific, respectively (Figures 4.1 and 4.2). Overall, only a small percentage of 

                                                           
20 Using the Engle-Granger test for small sample periods in the presence of non-normality can be problematic (Siklos and 

Ng, 2001). 
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nodes report linkages – out of the 600 potential edges in each period, 77 edges form during the period 

of calm and 99 during the period of turbulence. The number of global linkages exceed regional 

linkages in both periods, as depicted by the higher traffic between regions compared to those within 

regions. Due to space limitations, this study includes only the top ten market pairs in both periods 

according to the strength of the cointegrating coefficients (Table 4.2). Results indicate that several of 

the top equity pairs (DN-UK, SZ-UK, SW-IT, ID-HK, ID-MY, ID-SG, IN-HK, KR-SG, IN-SG) 

depict geographic proximity, mainly in the Asia-Pacific and Europe. 

 

The regional networks in the Asia-Pacific report a density score higher than those in Europe 

and the Americas in both periods whereas the Americas display no local linkages (Table 4.3). The 

changes in networks are observed between the two periods, with the traffic increasing in the Asia-

Pacific and Europe during the times of crisis. The increase in traffic in Europe is greater than that in 

the Asia-Pacific, which is likely due to the coordinated monetary and market intervention policies 

resulting from the existence of the trade and monetary unions such as the EU and EMU in the region 

(Fratzscher, 2002). 
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Figure 4.1: Unweighted regional and global networks – Period of calm  

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Unweighted regional and global networks – Period of turbulence   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: (1) The figures show the unweighted networks for both periods. (2) The regional linkages are depicted by dotted lines and the 

global linkages by solid lines, with the blue, orange and green nodes representing the markets in the Americas, Europe, and Asia-

Pacific, respectively  
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Table 4.2: Top 10 linkages  
Period of calm  

Market Pairs Coefficient t-test 

1 SZ-HK 2.9579 -3.21* 

2 SW-IT 2.6386 -3.75** 

3 ID-HK 2.6224 -3.26* 

4 IN-CA 2.2543 -3.07* 

5 ID-MY 2.1880 -3.39** 

6 MY-DN 2.1880 -3.45** 

7 MX-HK 2.1380 -3.75** 

8 BR-SG 2.1140 -3.26* 

9 IN-HK 2.1129 -3.80** 

10 KR-SG 1.8438 -3.18* 

Period of turbulence 

1 SZ-SG 3.7155 -4.65*** 

2 ID-SG 3.7079 -4.86*** 

3 ID-HK 3.3720 -3.42** 

4 ID-UK 3.3720 -3.10* 

5 ID-NO 3.3456 -3.39** 

6 DN-UK 3.0203 -3.17* 

7 IN-CA 2.8161 -3.30* 

8 SZ-UK 2.8016 -3.07* 

9 SZ-HK 2.8016 -3.56** 

10 IN-SG 2.7563 -3.51** 
Note: ***, **, and * denote rejection at the 1%, 5%, 10% significance levels, respectively, using the MacKinnon values (Mackinnon, 

2010). 

 

Table 4.3: Density network  
Period of calm Period of turbulence 

Full network 0.13 0.17 

Asia-Pacific 0.20 0.30 

Europe 0.07 0.16 

Americas 0.00 0.00 
Note: The density estimates show the network traffic for all and by sub-regions. 

 

The colors blue, red and green depict the edges between the US, China and the UK and other 

markets, respectively, along with the degree of association represented by the cointegration 

coefficients weights at the10% significance level (Figure 4.3). The Chinese and US markets do not 

exhibit strong linkages. The UK reports higher network traffic during both periods, compared to the 

US and China, with most of the linkages being global. The UK reports its strongest links with two 

regional markets: Germany during calm and Switzerland during the crisis period. Although the US 

displays no market linkages during times of calm, it reports five global linkages during the crisis 

period, the strongest link being with the UK. The market turmoil originating from the US translates 
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into higher linkages between the US and other markets, predominately European, during the period 

of turbulence. China reports no regional ties during the period of calm but displays linkages with 

Singapore and Korea during the times of turbulence. The strongest linkages reported by China are 

with Mexico and Norway during the periods of calm and turbulence, respectively. Interestingly, these 

countries report strong trade relationships with China.21 Overall, the density scores depict an increase 

in network traffic during the period of turbulence (0.17) compared to that in the period of calm (0.13). 

Furthermore, these linkages not only intensify, they also grow with the addition of new nodes during 

the crisis period. 

 

Figure 4.3: Weighted networks 

    
Notes: (1) The figures show the weighted networks between the prominent financial markets (US, China and the UK) and others 

depicted by the colors blue, red and green depict (2) The weights are estimated using the cointegration estimates the10% significance 

level. 

 

                                                           
21 Source: http://atlas.media.mit.edu/en/, retrieved on June 21, 2016. 

Period of calm Period of turbulence 

http://atlas.media.mit.edu/en/
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4.5 Conclusion 

 

The study uses network analysis with cointegration framework to examine how long-run 

linkages evolve between markets. The results show that although market linkages are likely to be 

global rather than regional, the networks in the Asia-Pacific report higher local density. The estimates 

when investigating the role of prominent financial centers show that even though the UK reports 

significant network traffic, especially during times of crisis, the same is not true for the US and China. 

Thus, the study is unable to conclude that prominent financial markets influence long-run global 

linkages. The influence of the UK in shaping regional long-run linkages may stem from the fact that 

it is the biggest and the most connected financial market in the EU. The final results provide the 

evidence that market turbulence increases market linkages due to the observed increase in the network 

density, and that the long-run stochastic trends are likely to break during times of turbulence, which 

may be attributable to the spread of market turmoil and volatility leading to negative sentiments 

across markets.  

 

These results show that, despite the increasing globalization of financial markets, long-run 

linkages are not widespread. This might be because the company-specific shocks evident in the stock 

prices inhibit cointegrating relationships, and the individual stochastic trends cancel out due to stock 

prices following a random walk (Dimpfl, 2014). The lack of broad long-run stochastic trends limits 

the opportunities for market participants to forecast prices of cointegrated markets using passive 

trading strategies. However, the few market pairs, mainly global, reporting common stochastic trends 

indicate the isolated presence of frictions in the market networks and in the time-varying market 

segmentation. These inefficiencies may be exploited using active global trading strategies: 

cointegration vectors can be used to estimate portfolio weights to optimize portfolios. The results, 
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which also provide insights into the dynamic nature of networks, can assist policymakers in devising 

policies to deal with market crises, especially those coming from unrelated markets. 
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5.1 Introduction 

 

Attempts to explain stock market linkages in the finance literature have focused on estimating 

the determinants of these linkages22. However, most of the studies limit themselves to economic 

determinants and do not take into account behavioral variables such as culture, language, and religion 

(Stahl and Voigt, 2003; Stafford and Miles, 2013). A critical gap in the literature is the role played 

by culture in the development of market linkages. The need to study the impact of culture on market 

linkages is warranted since several studies document the role of behavioral traits such as culture in 

the development of financial markets (De Jong and Semenov, 2002; Pirouz and Graham, 2010; Dutta 

and Mukherjee, 2011). The findings of the few research studies available in the area of finance are 

inconclusive. Whereas some studies find culture to be a significant determinant of market linkages, 

several fail to use a comprehensive measure of culture dimension – for example, King et al. (1994) 

use investor sentiment while Wälti (2005) uses common language as a proxy for culture. Not only 

does the available literature lack consistency in the definition of culture; the existing studies provide 

conflicting results. While some studies identify culture traits as a significant determinant of market 

linkages (King et al., 1994; Stulz and Williamson, 2003; Lucey and Zhang, 2009), others point to no 

significant convergence pattern in regional markets sharing common culture traits, such as Asia 

(Danareksa Research Institute, 2004; Kim et al., 2006) and Europe (Gallagher, 1995; Knif and 

Pynnonen, 1999). 

 

Culture dimensions are expected to exert a strong influence on market linkages as investors’ 

choices of investments are likely to be affected by preferences for markets based on the similarity of 

                                                           
22 For a short list, see Cavaglia et al. (2001), Forbes (2002), Pretorius (2002), Hardouvelis et al. (2006), Bartram and Wang (2011). 
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behavioral traits. This hypothesis builds on the argument that individuals in similar cultural settings 

are likely to display conformity in their behavior and decision-making process. Given that the 

collective buying and selling decisions of investors determine equity prices, if investors across 

markets share common culture traits, then their investment choices are likely to increase linkages 

between such markets. An increase in market linkages due to an increase in capital mobility and 

lower transaction costs can improve market efficiency. However, an increase in ties due to behavioral 

factors such as culture can lead to the phenomenon of herding during a market crisis, distorting 

market mechanisms.23 Thus, investigating the role of behavioral determinants such as culture can 

also shed light on the state of market efficiency. 

 

This study contributes to the literature on market linkages by testing the hypothesis that culture 

influences linkages between financial markets. A baseline quantile regression model is used to 

estimate the impact of culture variables on stock market correlations, along with several other 

variables. Quantile regression methodology, which is ideally suited for the data with non-normal 

distribution, allows the observation of changes in the determinants over the various quantiles. The 

culture variables used are language, religion and Hofstede’s culture dimensions, which include power 

distance, individualism, masculinity, uncertainty avoidance, orientation, and indulgence.24 Control 

variables are also used: geographic distance, trade linkages, legal orientation, legal enforcement of 

contracts and differences in the GDP growth rate. In general, the results show that culture variables 

are significant determinants of market correlations – an increase in the culture distance decreases the 

linkages between markets, whereas markets with similar language and religious beliefs are more 

likely to report higher linkages. 

                                                           
23 The herding behavior refers to the investors mimicking the actions of a larger group which could be irrational and can 

lead to market crashes (Boortz and Jurkatis, 2013).  
24 The Hofstede’s culture dimensions are used to formulate the culture distance variable, as described in Section 5.4. 
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The markets are classified into three geographical regions to test the hypothesis that the 

significance of culture as a determinant of market linkages is consistent across geographic regions. 

Results indicate that culture variables have a bigger impact on market ties in the Asia-Pacific than in 

Europe and the Americas. Further, the hypothesis that the significance of culture diminishes in 

markets with high liquidity is tested. The results reject this hypothesis, as culture distance, language 

and religion are found to be significant determinants of market linkages in active markets. In addition, 

we investigate whether the effect of culture varies between times of calm and turbulence. To do so, 

we tested the hypothesis that the significance of culture declines during periods of global market 

crisis due to the prevailing negative sentiments across markets irrespective of culture traits. This 

hypothesis is rejected, as the culture variables remain significant determinants of market linkages 

during times of market crisis. 

 

The study contributes to the existing literature on market linkages in four main ways. First, a 

comprehensive model incorporating both economic and non-economic variables is used to evaluate 

the impact of culture on market linkages. The bulk of academic research in finance has, for the most 

part, avoided behavioral factors in the explanation of market linkages. Second, the study uses a 

comprehensive data set representing markets across the world and thus overcomes the shortcomings 

of some of the literature in this area, which tend to be region-specific. Third, by segmenting the data 

according to the periods of turbulence and calm, we isolate the effects of market turbulence on the 

significance of determinants, another area of research not yet explored in the literature. Fourth, the 

study investigates if liquidity impacts the role played by culture on market linkages. Given that high 

liquidity characterizes active markets, a sign of market efficiency, we can test if behavioral traits such 

as culture matter in such markets.  
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The study not only contributes to the literature on financial market linkages but can also assist 

portfolio managers and policy decision-makers. A better understanding of the market linkages can 

help portfolio managers to gain risk-adjusted returns by being able to diversify across regions, 

especially during times of market crisis. Also, better insights into the factors that shape market 

linkages can enable policymakers to assess if a market crisis originating from across the border is 

likely to spill over into the domestic market. Such market disruptive behavior, also known as 

contagion, has become an increasing risk to global financial stability, with market linkages identified 

as the factor underlying its occurrence. The findings can, therefore, assist policymakers in better 

devising monetary and regulatory policies, especially during times of market crisis, by being able to 

understand the causes of these linkages. 

 

The rest of the study proceeds as follows. Section 5.2 provides a brief review of related 

literature and the hypothesis. Sections 5.3 and 5.4 present the data and methodology, respectively. 

Section 5.5 presents the empirical results and discussion. Section 5.5 concludes the study. 

 

 

5.2 Hypothesis and Literature Review 

 

According to Hofstede (1980), “culture is a collective programming of the mind which 

distinguishes the members of one human group from another.” Hofstede states that certain 

dimensions can explain the values of a particular culture and its effects on the workplace, the 

organization, and investors. Other studies provide alternative definitions of culture, such as those of 

Sekely and Collins (1988), Schwartz (1992), De Jong and Semenov (2002), Tabellini (2008) and 

Breuer and Quinten (2009). This study uses Hofstede’s framework since it is not only comprehensive, 
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encompassing several dimensions of culture, but also offers a rich data set covering an extensive 

array of countries over an extended period. The benefits of Hofstede’s culture dimensions over 

alternative measures of culture are well documented, for example in studies by Sondergaard (1994), 

Dahl (2004), and Magnussen et al. (2008). 

 

Several studies document the role culture plays in the evolution of financial markets. 

Recognition of the importance of culture in the development of economic institutions dates back to 

Weber (1930), who argues that certain cultures are more supportive of financial markets than others. 

Lal (1999) points to certain traits such as individualism behind the success of western economies, 

and in particular, their capital markets; Dutta and Mukherjee (2011) state that the uncertainty 

dimension significantly influences the level of financial development. Similarly, De Jong and 

Semenov (2002) find that the equity markets tend to be more developed if characterized by lower 

levels of uncertainty avoidance and higher levels of masculinity.  

 

Culture is not only a factor in the development of financial markets; it can also influence how 

investors allocate their portfolios. Hogg and Abrams (1988) claim that social conformity such as 

religion and nationality are not only important determinants of a group’s identity and dominant 

behavioral traits but can also determine where investors choose to invest. The investor behavior 

known as home equity bias discourages investors from holding foreign equity even when they are 

unrestricted from doing so. This contradicts the international capital asset pricing model (ICAPM) 

by Solnik (1974), which states that nations are expected to hold identical portfolios, and that 

behavioral preferences do not sway the market participants. Some studies document this bias. French 

and Poterba (1991) find that the investors in developed countries expect domestic returns to be higher 

and less risky than those in international markets, leading to a preference for investment in the 
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domestic sector. They find that the local investors in the US allocate around 94% of their investments 

in domestic securities, even though the US share of the global equity market was less than 48%. 

Similarly, other markets such as Japan, Germany, France and the UK report higher domestic 

allocation. Other studies, such as that by Beugelsdijk and Frijns (2010) and Grinblatt and Keloharju 

(2001), find a similar preference for domestic investments by domestic investors. Some studies 

provide reasons for this preference. Tesar and Werner (1995) state that trade linkages and language 

matter more than portfolio diversification motives in explaining the home equity bias. They find that 

investors tend to shy away from foreign investment due to the higher transaction cost of investing in 

overseas markets. Another contributing factor to this bias is the information asymmetry, which allows 

local investors to profit from locally available information not available to foreign investors 

(Nieuwerburgh and Veldkamp, 2009).  

 

Some studies also document the noneconomic determinants of market linkages. Countries 

sharing a common border tend to exhibit similar culture traits along with their economic and legal 

systems. Eun and Shim (1989) find that the geographic distance between the financial markets 

reduces the correlations between them. Other studies by Flavin et al. (2002) and Portes and Rey 

(2005) conclude that geographic factors such as physical distance influence market linkages. The 

legal protection of investors is also identified as a significant contributor to the development of equity 

markets (La Porta et al., 1997). They argue that countries with a common law legal code tend to be 

more investor-friendly and are more likely to have developed equity markets and to exhibit higher 

market linkages. 

 

A few studies investigate the impact of culture on stock market linkages. King et al. (1994) 

argue that unobservable factors such as investor sentiment, rather than observable economic factors, 
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influence stock market correlations. Stulz and Williamson (2003) hypothesize that given that 

physiological factors impact the area of finance in general, culture traits also affect financial markets. 

Another study, by Teiletche et al. (2008), does not find language, a culture variable, to be a 

determinant of extreme dependency in financial markets. Lucey and Zhang (2009), who incorporate 

culture variables in their model to estimate the determinants of stock market correlations, find that 

country-pair correlations with smaller culture distances depict higher linkages and that the impact of 

culture increases with market liquidity. However, they limit their study to the emerging markets and 

do not estimate the changes in the determinants over time or across regions.  

 

Theoretically, bilateral trade intensity is likely to increase linkages between two markets (see 

Pretorius, 2002). Wälti (2011) states that increased bilateral trade can synchronize not only trade 

channels but also stock comovements, leading to higher linkages. However, despite the increase in 

trade ties, some of the available literature finds a home equity bias preventing domestic investors 

from investing in foreign markets (Hogg and Abrams, 1988; French and Poterba, 1991; Cooper and 

Kaplanis,1994; Tesar and Werner, 1995; Lewis, 1999; Grinblatt and Keloharju, 2001; Baele et al., 

2004; Beugelsdijk and Frijns, 2010). Other studies describe the role behavioral traits such as culture 

play in the development of financial markets (Weber, 1930; Lal, 1999; Dutta and Mukherjee, 2011; 

De Jong and Semenov, 2002).  

 

A few studies also document the role of behavioral traits in impacting market linkages (King 

et al., 1994; Stulz and Williamson, 2003; Lucey and Zhang, 2010). However, the weakness in the 

literature is that most of the research focuses on equities rather than on equity indices and uses a very 

narrow definition of culture. For example, Lucey and Zhang (2010) incorporate the role of culture 

while estimating the determinants of market linkages; however, they take into account only the 
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emerging markets. Several studies also fail to use a comprehensive measure of cultural dimension – 

for example, King et al. (1994) use investor sentiment while Wälti (2005) uses common language as 

a proxy for culture. Also, the existing studies provide conflicting results about the role culture plays 

in shaping market linkages. While King et al. (1994), Stulz and Williamson (2003), and Lucey and 

Zhang (2010) identify culture as a significant determinant of market linkages, others, such as 

Gallagher (1995), Knif and Pynnonen (1999), Danareksa Research Institute (2004) and Kim et. al. 

(2006), find opposite results. Thus, it is warranted that the hypothesis is tested using a comprehensive 

definition of culture. The study in Chapter 5 employs a comprehensive quantile regression model 

using culture variables such as language, religion and Hofstede’s cultural dimensions along with 

distance, economic and legal variables. The model is then used to test the significance of the 

determinants in shaping market linkages. 

H0f: Culture variables are a significant determinant of linkages between markets. 

H1f: Culture variables are not a significant determinant of linkages between markets. 

 

Liquidity, which refers to the volume of shares traded in the index, can have an immense effect, 

not only on the efficiency of the markets but also on the linkages shaping the financial networks. 

Yeyati et al. (2009) state that the law of one price breaks down in markets which lack liquidity, since 

liquidity impacts the ability to take advantage of price abnormalities using arbitrage strategies. 

Markets with infrequent trading are expected to exhibit higher levels of serial correlation than those 

with frequent trading (Harvey, 1995; Levine, 1996; Kawakatsu and Morey, 1999). According to 

Grinblatt and Keloharju (2001), the influence of culture disappears in markets characterized by 

sophisticated and institutional investors or in markets with higher levels of liquidity. The liquid 

markets are likely to increase both efficiency in the allocation of capital and participation by investors 

in market trading activities. Thus, culture is expected not to be a significant determinant of market 
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linkages between markets exhibiting high liquidity or turnover. This is because liquidity is a driver 

of efficient markets where the law of one price holds and behavioral biases are eliminated. The study 

in Chapter 5 tests the hypothesis that market liquidity impacts the role of culture in shaping market 

linkages. 

H0g: The significance of culture as a determinant of market linkages diminishes in markets 

with high liquidity. 

H1g: The significance of culture as a determinant of market linkages is not affected by market 

liquidity. 

 

Home equity bias in the literature indicates that domestic factors influence investment behavior 

(Hogg and Abrams, 1988; French and Poterba, 1991; Cooper and Kaplanis,1994; Tesar and Werner, 

1995; Lewis, 1999; Grinblatt and Keloharju, 2001; Baele et al., 2004; Beugelsdijk and Frijns, 2010). 

It is hypothesized that such traits are valid in markets across the geographic regions. However, studies 

indicate that markets sharing common cultural features or colonial origins depict higher ties (Chen et 

al., 2002; Forbes and Chinn, 2004; Jawadi et al., 2009). The markets in Europe and the Americas are 

more likely to be economically integrated due to trade and monetary unions (Friedman and 

Shachmurove, 1997; Rangvid, 2001; Mobarek, 2003; Hardouvelis et al., 2006; Wang and Moore, 

2008; Jappeli and Pagano, 2008; Bekaert et al., 2010; Bartram and Wang, 2011). Also, culture is 

more likely to sway market correlations in Europe and Asia-Pacific, compared to the less 

economically linked regions such as the Asia-Pacific (Kim et al., 2006; Garcia-Herrero and 

Wooldridge, 2007). The study in Chapter 5 tests the hypothesis that the significance and “stickiness” 

of culture traits are agnostic regardless of the regions where the markets are located. 

H0h: The significance of culture as a determinant of market linkages is consistent across 

geographic regions. 
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H1h: The significance of culture as a determinant of market linkages differs by geographic 

regions.  

 

The literature thoroughly documents the time-varying nature of stock market linkages (Longin 

and Solnik, 2001; Bekaert, 2005; Caporale et al., 2005). According to the crisis-contingent models, 

investor behavior after a market crisis can tighten market linkages. Studies such as those of Masson 

(1998) and Caporale et al. (2005) find that the investor sentiment, which shifts from positive to 

negative during market turbulence, leads to the behavior of herding. The propensity to engage in such 

behavior can put negative pressure on other stock markets (Kaminsky and Schmukler, 1999). Despite 

the evidence that market linkages display time-variant characteristics, the literature does not shed 

light on whether market turbulence impacts the significance of culture determinants. The expectation 

is that culture remains an influencer on market linkages during times of market crisis. The study in 

Chapter 5 tests this hypothesis. 

H0i: Culture remains a significant determinant of market linkages in periods of market crisis. 

H1i: The significance of culture as a determinant of market linkages is disrupted during times 

of market crisis.  
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5.3 Methodology 

5.3.1 Data 

The weekly logarithmic returns of 25 stock markets are used to calculate the pairwise stock 

market correlations that are used as a proxy to define market linkages (Table 5.1).25 The use of weekly 

price index frequency avoids the problem of non-synchronous trading compared to daily returns. 

Also, compared to the monthly returns, it allows retention of a relatively large number of observations 

in the model. The data is retrieved using the weekly MSCI country market index from the Thomson 

Reuters DataStream. Instead of using a common currency, the local currency data is used to reflect 

price fluctuations in stock markets accurately. The period covered is from January 1997 to December 

2013.  Hofstede’s culture dimensions assign one score to each country and the data is retrieved from 

Hofstede’s web-site.26 

 

Table 5.1: Regions and countries 
AMERICAS Argentina (AR), Brazil (BR), Canada (CA), Mexico (MX), United States of America (US)  

ASIA-

PACIFIC 

Australia (AU), China (CN), Hong Kong (HK), India (IN), Japan (JP), New Zealand (NZ), Singapore 

(SG), Indonesia (ID), Malaysia (MY), South Korea (KR)  

EUROPE Denmark (DN), France (FN), Germany (GM), Greece (GR), Italy (IT), Norway (NO), Russia (RU), 

Switzerland (SZ), Sweden (SW), United Kingdom (UK) 

 

 

 

 

                                                           
25 To overcome the shortcoming of previous studies such as that by Lucey and Zhang (2009), who uses only the emerging 

markets in their analysis and to provide a good representation of markets across the world, we use stock market data from 

25 markets across three regions. The use of a wide range of global markets can prevent bias in our results. For example, 

the emerging markets tend to be more segmented than the developed markets and can lead to biased results if the study 

is limited to such markets (Bekaert et al., 2011). The markets used in the study account for approximately 89% of global 

stock market capitalization (Source: World Development Indicators World Bank). 
26 Available at http://geert-hofstede.com/countries.html, retrieved on May 4, 2014. 

http://geert-hofstede.com/countries.html


144 

 

5.3.2 Regression Model and Variables 

 

Instead of an ordinary least square (OLS) model, we use a quantile regression model, since it 

provides a better description of the conditional distribution and offers a robust model that is non-

parametric and that assumes no underlying distribution. A quantile regression model allows for a 

deeper insight into the relationship between culture and market linkages since it focuses not only on 

the conditional median but also on different conditional quantiles and is more suitable where the data 

depicts fat tails and outliers, commonly observed with financial market data (Koenker and Bassett, 

1978). Also, given that market crisis events can lead to the market returns being skewed toward the 

left tail, taking this tail distribution into account provides better results (Allen et al., 2009). 

 

Although this study uses the median quantile (q50) as the base estimate, the model is estimated 

at the upper (q75) and the lower quantile (q25) to measure the change in determinants under various 

market conditions similar to those in other studies such as that of Mesi et al. (2014). These estimates 

can assist in the understanding of how the parameter estimates change at higher and lower levels of 

market linkages. The model is depicted as follows: 

 

Yij,t =  α +  β1  
′ KSij,t +  β2  

′ Controlsij,t−1 +  εij,t                                               (5.1) 

 

where 𝑌𝑖𝑗,𝑡  are bilateral conditional correlations of market returns, and 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑗,𝑡−1 is a vector of 

control variables. 

 

Instead of measuring individual Hofstede dimensions (Hofstede, 2001), the composite distance 

index, 𝐾𝑆, as developed by Kogut and Singh (1998), is used in this study. This measure is commonly 



145 

 

used to measure culture distance (Chui et al., 2002; Aggarwal et al., 2012): the larger the measure, 

the greater the culture distance between two markets, i and j. This measure is depicted as follows: 

 

KSij,t =  ∑ [(Ici 
6
c=1 −  Icj )

2 / V𝑐]  / 6                                               (5.2) 

 

where 𝐼𝑐𝑖  is the score for the cth cultural dimension of country 𝑖, 

𝐼𝑐𝑗  is the score for the cth cultural dimension of country 𝑗, and  

𝑉𝑐 is the variance of the cth cultural dimension across all countries in the sample.   

 

The expected sign for the variable 𝐾𝑆𝑖𝑗,𝑡 is negative: the higher the cultural distance, the lower 

the correlation between the two markets. The theoretical reasoning for this is that markets with 

common culture traits are likely to exhibit strong linkages. Hofstede (2001) identifies several 

dimensions on which national cultures differ and allocates a score to each of these dimensions. These 

national scores range from almost zero to slightly more than 100. The dimensions used in Equation 

(5.2) are explained as follows27: 

 

a. Power Distance Index (PDI): Power distance refers to the extent to which the society accepts 

the inequality in authority within its organizations and its entire entity (De Jong and Semenov, 

2002). Individuals in countries with a considerable power distance tend to believe that 

inequality is existential, and managers are willing to pursue high returns to justify their 

independence (Lucey and Zhang, 2009). Such societies are characterized by concentrated 

power and wealth and are likely to have developed capital markets (Aggarwal and Goodell, 

                                                           
27 These dimensions are defined as per Hofstede’s personal website, available at http://geert-hofstede.com/countries.html, 

retrieved on May 4, 2014. 

http://geert-hofstede.com/countries.html
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2010; Jessop et al., 2015). Malaysia has the largest power distance, and Denmark has the 

lowest one in this category. 

 

b. Individualism versus Collectivism (IDV): As opposed to collectivism, individualism indicates 

whether individuals look after themselves and their immediate family versus society as a 

whole. This trait can lead to overconfidence amongst investors, encouraging them to 

underestimate the riskiness of foreign investments and to allocate a higher proportion of their 

portfolio to international investments (Aggarwal et al., 2009; Chui et al., 2010; Beugelsdijk 

and Frijns, 2010). The highest score in this category goes to the US, and Indonesia scores the 

lowest. 

 

c. Masculinity versus Femininity (MAS): Masculine societies emphasize achievement and 

success instead of caring for others and quality of life. Such societies encourage competition 

and reward those who are strong and are more likely to believe in a market-based system. 

They are also likely to support higher risk in investments and are open to foreign investments 

(De Jong and Semenov, 2002; Anderson et al., 2009; Jessop et al., 2015). In contrast, feminine 

societies tend to value equality and solidarity and prioritize individuals that need help. Japan 

scores the highest, whereas Sweden scores the lowest in this category. 

 

d. Uncertainty Avoidance Index (UAI): Societies with high uncertainty avoidance feel 

threatened by uncertainty and ambiguity. Individuals in such societies perceive uncertainty as 

a constant threat and are motivated by security more than by their achievements, encouraging 

them to accept investment strategies with lower risks (Offermann and Hellmann, 1997; Dutta 

and Mukherjee, 2001). They are likely to prefer safer domestic investments over foreign 
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investments, leading to lower market linkages (Anderson et al., 2009; Beugelsdijk and Frijns, 

2010). Greece scores the highest and, by contrast, Singapore has the lowest uncertainty 

avoidance score. 

 

e. Long-Term Orientation versus Short-Term Normative Orientation (LTO): In long-term 

oriented or pragmatic societies, individuals believe that it is futile to fully understand the 

complexities of life and tend not to question rules and regulations. They are likely to prefer 

safety over risky investments. China has the highest score in this category, whereas Argentina 

has the lowest. 

 

f. Indulgence versus Restraint (IND): This dimension refers to the extent to which individuals 

try to control their desires and impulses, based on their upbringing. Individuals in societies 

with high indulgence tend to have relatively weak control over their impulses, compared to 

those in societies with low indulgence with relatively strong control over their urges. Mexico 

tops the score in this category, whereas Hong Kong has the lowest. 

 

The control variables 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑗,𝑡−1 are defined as follows: 

a. Geographic Distance (DIS): This variable refers to the logarithmic distance measured in 

kilometers, using the metric as the crow flies, between the capital cities of the countries. The 

expected sign of this variable is negative; i.e., the higher the geographic distance between the 

market pairs, i and j, the lower the linkages and vice-versa (Lucey and Zhang, 2009). Data 

Source: Google Maps.28 

 

                                                           
28 Available at https://www.google.ca/maps?source=tldsi&hl=en, retrieved on June 4, 2015. 

https://www.google.ca/maps?source=tldsi&hl=en
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b. Religion (REL): A dummy variables with values of (1,0) is used to denote whether the 

correlation pair has a common religion – Buddhism, Christianity, Hinduism, and Islam.29 This 

culture variable takes the value of 1 to indicate similar religion in the two markets, and 0 

otherwise. The expected sign for this variable is positive due to the possible similarity in risk 

averseness; i.e., common religious belief is supposed to increase market linkages (La Porta et 

al., 1997; Lucey and Zhang, 2009). Data Source: World Factbook.30  

 

c. Regional proximity (REG): A dummy variable with values of (1,0) is used to denote whether 

the markets are located in the same region – Asia-Pacific, North America, and Europe. The 

variable takes the value of 1 if the markets are located in the same region and 0 otherwise. 

Markets in common regions are expected to exhibit strong linkages due to policy coordination 

or simply due to the contagion factor because of the investors’ treating the asset markets within 

a region as one asset class (Pretorius, 2002). The expected sign for this variable is negative; 

i.e., markets in common areas are likely to depict higher correlations (Lucey and Zhang, 2009). 

Data Source: Google Maps. 

 

d. Legal Origin (LEG): A dummy variable with values of (1,0) is used to denote whether the 

correlation pair has the same legal code – civil or common. The variables take the value of 1 if 

the markets have the same legal origin and 0 otherwise. The expected sign for this variable is 

positive; i.e., markets with a similar legal code are more likely to depict linkages. Data Source: 

La Porta et al. (1999). 

 

                                                           
29 Christianity is divided into three sub-categories – Catholic, Protestant and Orthodox. 
30 Available at: https://www.cia.gov/library/publications/the-world-factbook/, retrieved on June 4, 2015. 

https://www.cia.gov/library/publications/the-world-factbook/
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e. Legal Enforcement of Contracts (LEGCT): Stronger legal protection and its enforcement are 

identified as contributing factors to market development (La Porta, 1997). This variable refers 

to the absolute value of the difference in the index of Legal Structure and Security of Property 

Rights between countries i and j.31 The score ranges from 0 to 10, with a higher score suggesting 

better enforcement and adequate protection of property rights, a market characteristic highly 

sought out by foreign investors. The expected sign for this variable can be either positive or 

negative (Lucey and Zhang, 2009). Data Source: Economic Freedom of the World 2014 Annual 

Report, Fraser Institute.32 

 

f. Annual difference in the GDP growth rate (GDP): This economic variable refers to the absolute 

value of the difference in the annual GDP growth rate between countries i and j. Similar 

economic structures between markets are expected to increase market linkages (Pretorius, 

2002). The expected sign for this variable is negative; i.e., an increase in the difference in GDP 

growth rate between two markets is likely to decrease stock market correlations between them 

(Lucey and Zhang, 2009). Data Source: World Bank.33 

 

g. Trade Linkages (RIT): Several studies document bilateral trade linkages to be a significant 

contributing factor to stock market linkages (Pretorius, 2002; Forbes and Chinn, 2004; Wälti, 

2005). Countries with strong bilateral trade relationships are likely to exhibit interdependent 

economies and stock markets. To capture trade linkages between nations, either the Regional 

Intensity of Trade (RIT) or the Export Intensity Index is used, based on the existing trade flows 

                                                           
31 The index includes elements such as the rule of law, security of property rights, an independent and unbiased judiciary, 

and impartial and effective enforcement of the law. 
32 Available at: http://www.freetheworld.com/release.html, retrieved on June 4, 2015. 
33 Available at: http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG, retrieved on June 4, 2015. 

http://www.freetheworld.com/release.html
http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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on an annual basis, i.e., the extent to which countries trade with each other more intensely than 

with other countries. The following equation depicts this index: 

 

RITJ
I =  

XJ
i/Xi

XJ
w/Xw     (5.3)  

 

where 𝑋𝐽
𝑖 is country i’s exports to country j, 

𝑋𝑖 is country i’s total exports,  

𝑋𝐽
𝑤 is world exports to country j, and 

𝑋𝑤refers to total world exports.  

 

The RIT index higher than one means that the trade flow between countries is larger than 

expected, given their importance in global trade. The expectation is that the sign of this variable 

will be positive. Data Source: UN Trade Statistics.34 

 

h. LANG: A dummy variable with values of (1,0) is used to denote whether a common language 

characterizes the correlation pair. This culture variable takes the value of 1 to indicate similarity 

of language between the two markets, and 0 otherwise. Language is used as one of the variables 

to define culture since common language can increase economic linkages and investor 

preferences (Sekely and Collins, 1988; Grinblatt and Keloharju, 2001; Rauch, 2001). The 

expected sign of this variable is positive as markets with similar language are likely to depict 

higher linkages. Data Source: CIA Handbook.35 

                                                           
34 Available at http://comtrade.un.org/, retrieved on June 4, 2015. 
35 Available at https://www.cia.gov/library/publications/the-world-factbook/, retrieved on June 4, 2015. 

http://comtrade.un.org/
https://www.cia.gov/library/publications/the-world-factbook/
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To summarize, the independent variables used in the model can be grouped as the distance 

(DIS, REG); culture (KS, REL, LANG); legal (LEG, LEGCT) and economic (RIT, GDP) 

variables.  

 

 

5.4 Results 

5.4.1 Descriptive statistics 

 

The results indicate that the best-performing stock market in Europe is Denmark (Table 5.2). 

Mexico and Indonesia top the markets in the Americas and the Asia-Pacific region, respectively, 

regarding market linkages. Although most markets report positive returns, some such as Greece, 

China, and New Zealand report negative returns over the full sample period. By regions, the highest 

standard deviation, a measure of volatility, is reported by Russia in Europe, Argentina in the Americas 

and Indonesia in the Asia-Pacific. The normality conditions can be tested using the Jarque-Bera test; 

the results show that the returns in all markets do not follow normal distribution patterns. Negative 

skewness is reported in all markets except Malaysia, and all markets report positive kurtosis, which 

indicates that the asymmetric tail of all distributions extends toward more positive values. The 

quantile distributions of the market return over the full sample period against the quantiles of a normal 

distribution show that non-normal patterns characterize all the markets, indicating fat-tail risks as 

depicted by Figures B1, B2 and B3 in Appendix B. Furthermore, given that all markets report kurtosis 

higher than three, which is the theoretical value of the normal distribution, we can conclude that none 

of the returns display normal distribution and that the data exhibits a heavy-tail distribution (Table 
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5.2).36 Thus, frequencies of outcomes are more likely to occur at the extreme negative and positive 

ends of the distribution. The markets report an increase in volatility during the times of market crisis 

in 2001 and in 2008-2009, especially in the Americas and Europe (Figures B4, B5, B6 in Appendix 

B). 

 

 

Table 5.2: Descriptive analysis (Weekly returns – full sample period) 

  Mean Median  Std. Dev.  Skewness  Kurtosis  Jarque-Bera* 
 

Europe 

DN 0.0919 0.1565 1.2333 -1.1317 10.8171 2660.2520  

FN 0.0394 0.1060 1.3208 -0.7542 8.3314 1233.0780  

GM 0.0427 0.1840 1.4383 -0.6377 7.6241 924.2059  

GR -0.0612 0.0607 2.1516 -0.4100 6.4063 493.0556  

IT 0.0179 0.1363 1.4389 -0.8037 9.0744 1585.8660  

NO 0.0377 0.1926 1.4325 -1.0346 10.0392 2162.2200  

RU 0.0661 0.1667 2.8749 -0.0635 10.4252 2215.1980  

SW 0.0605 0.1990 1.4707 -0.5221 7.1210 725.9140  

SZ 0.0385 0.1501 1.1823 -1.0423 14.2797 5285.0200  

UK 0.0214 0.0828 1.0744 -0.9805 13.3490 4456.3570  

Americas 

AR 0.0864 0.1648 2.3317 -0.3310 7.2302 736.3607  

BR 0.0828 0.1873 1.7558 -0.5429 7.1511 739.4837  

CA 0.0483 0.1502 1.1244 -0.7089 8.8430 1452.0650  

MX 0.1103 0.1838 1.4437 -0.1984 7.3034 750.1913  

US 0.0468 0.0971 1.1010 -0.7380 9.1322 1597.9350  

Asia-Pacific 

AU 0.0386 0.1172 0.9270 -0.7957 8.1065 1149.1400  

CN -0.0002 0.1172 1.9959 -0.3586 6.0841 402.7232  

HK 0.0262 0.1061 1.4566 -0.5233 6.6655 583.6741  

IN 0.0987 0.2333 1.5344 -0.4144 5.4846 275.5482  

JP 0.0054 0.0764 1.2374 -0.7138 7.0688 746.8206  

NZ -0.0048 0.0389 0.9668 -0.2525 5.6982 302.6774  

SG 0.0186 0.0619 1.3273 -0.5141 10.0165 2019.8970  

ID 0.0821 0.1653 2.0801 -0.0658 8.6252 1271.6960  

MY 0.0140 0.0805 1.3553 0.2034 14.2181 5061.4690  

KR 0.0699 0.1380 1.8718 -0.2761 6.2768 443.5450  

Notes: (1) The markets are abbreviated as follows: Argentina (AR), Australia (AU), Brazil (BR), Canada(CA), China(CN), Denmark 

(DN), France (FN), Germany (GM), Greece (GR), Hong Kong (HK), India (IN), Indonesia (ID), Italy (IT), Japan (JP), South Korea 

(KR), Malaysia (MY), Mexico (MX), Norway (NO), New Zealand (NZ), Russia (RU), Singapore (SG), Sweden (SW), Switzerland 

(SZ), United Kingdom (UK), United States of America (US). (2) * The JB test is significant at the 5% level for all markets (3) N = 

886  

(4) Data Source: Thomson Reuters DataStream 

 

 

                                                           
36 For more details, see De Carlo (1997). 
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Furthermore, the variance inflation indicator (VIF) is estimated to determine if multicollinearity 

is an issue with the independent variables. 37 VIF is calculated for each variable by conducting a linear 

regression of that variable on all the other variables and then obtaining the R2 from that regression. 

A value of VIF higher than 4 indicates the presence of multicollinearity, which is ruled out based on 

the results presented in Table 5.3. 

 

Table 5.3: Multicollinearity test 
Variables VIF 1/VIF  

DIS 2.30 0.4352 

REG 2.26 0.4433 

KS 1.22 0.8188 

REL 1.23 0.8160 

RIT 1.10 0.9070 

LANG 1.07 0.9372 

LEG 1.02 0.9776 

LEGCT 1.00 0.9950 

GDP 1.00 0.9999 

Mean VIF 1.36 
 

Note: A VIF value higher than 4 indicates the presence of multicollinearity. 

 

 

 

5.4.2 Correlations 

 

The correlation coefficient is commonly used to measure comovement between two time-series 

and can depict positive, negative or stationary relationships between the markets (Taylor and Tonks, 

1989; Pretorius, 2002). Results in Table 5.4 identify distinct relationships between the culture 

variables and market correlations. The KS measure is negatively correlated with market linkages; i.e., 

the higher the cultural distances, the lower the correlation between markets. The other two culture 

variables, REL and LANG, are positively correlated with market linkages; i.e., similar religious beliefs 

and language lead to higher market linkages. The results for distance variables (DIS and REG) show 

                                                           
37 See Menard (1995) for a discussion on VIF. 
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that the smaller geographic distance and the common regional location increase market linkages. The 

economic variable GDP depicts no relationship with market linkages, whereas the other economic 

variable, RIT, is positively related to market linkages. The legal variable LEG is positively related to 

market linkages. 

 

Table 5.4: Correlations 
Variables COR DIS GDP KS LEG LEGCT REG REL RIT LANG 

COR 1.00          
DIS -0.32 1.00         
GDP 0.00 0.00 1.00        
KS -0.13 0.19 0.00 1.00       
LEG 0.09 -0.03 -0.002 -0.21 1.00      
LEGCT -0.01 -0.06 0.00 -0.09 0.09 1.00     
REG 0.03 0.02 0.01 -0.04 -0.01 0.01 1.00    
REL 0.17 -0.73 -0.005 -0.10 0.11 0.00 -0.03 1.00   
RIT 0.18 -0.25 0.012 -0.37 0.11 0.00 -0.02 0.21 1.00  
LANG 0.02 -0.25 -0.004 -0.15 0.11 0.08 0.04 0.24 0.14 1.00 

Note: The variables are defined as Market correlation (COR); Geographic distance (DIS); Annual difference in Gross Domestic Product 

growth rate (GDP); Culture distance developed by Kogut and Singh (1998) (KS); Legal origin (LEG); Legal enforcement of contracts 

(LEGCT); Regional proximity (REG); Religion (REL); Trade linkages (RIT); Language (LANG). 

 

 

5.4.3 Regression results 

 

The model uses time-varying conditional correlations as a proxy for market linkages, which are 

calculated by estimating annual correlations between each market by year from 2003 to 2013. Figure 

5.1 presents the average correlation between market pairs over the full sample period. Results show 

an increase in correlations during 2001 leading to a brief decline over the period 2003-2005; 

correlations increase starting from the year 2005, with a peak in 2008 corresponding to the global 

financial crisis. The correlations seem to fall after 2008 but remain slightly elevated compared to the 

pre-2008 period.  
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                                       Source: MSCI Country Market index, Thomson Reuters DataStream 
 

 

The quantile regression model is estimated by regressing the conditional correlations on culture 

and the various control variables, as depicted by Equation 5.2, with Table 5.5 presenting the results.38 

Results indicate that the culture variables, REL, KS, and LANG, are significant determinants of 

correlations between markets at the median quantile – the smaller cultural distance and the similar 

religious belief and language increase market correlation. These findings are in line with the results 

from Lucey and Zhang (2009) and Mobarek et al. (2014).  

 

Furthermore, the changes in determinants over the various quantiles are estimated by the 

quantile process estimates of the coefficients median quantile, along with 95% confidence intervals 

(Figure B7, Appendix B). Results show that the decrease in the culture distance (KS) between markets 

reduces market linkages over most of the quantiles. The other two culture variables (REL and LANG) 

                                                           
38 The study also estimates the model using OLS regression as in Table 5.10. No significant changes in the estimates and 

test results are observed. 
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are both positive and significant determinants of market linkages across all quantiles. When taking 

the magnitude of the variables into account, one finds that the language variable reports the largest 

coefficient, followed by religion and the culture dimension, at the median quantile.  

 

Both the distance variables, DIS and REG, are significant determinants of market linkages 

across most of the quantiles. The variable DIS is a negative determinant, which means that an increase 

in the physical distance between markets decreases market linkages. A plausible reason for this is 

that a larger geographic distance can lead to higher transaction costs which, coupled with the lack of 

similarity in the market mechanism, reduces the linkages between the markets (Flavin et al., 2002; 

Zhu and Yang, 2010). Observing coefficients, one finds that the geographic distance between the 

markets has the biggest impact on market linkages.  

 

Surprisingly, the results for economic variables are mixed, with the variable GDP not being a 

significant determinant at the median quantile, which rejects the hypothesis that a smaller difference 

in GDP growth increases stock market linkages. The other economic variable, RIT, is found to be 

significant; i.e., countries with trade linkages are more likely to exhibit higher market linkages. 

However, the magnitude of this variable declines over the upper quantiles. Markets with similar legal 

systems and better enforcement of legal contracts report stronger ties, as both the legal variables, 

LEG and LEGCT, are significant at the median quantile.  
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Table 5.5: Quantile regression results – Full sample period  
 Independent variables q25 q50 q75 

Intercept 1.503*** 1.548*** 1.457*** 

(32.29) (34.73) (51.56) 

DIS -0.300*** -0.262*** -0.204*** 

(-26.91) (-23.49) (-27.48) 

GDP (x100) 0.000 0.000 0.000 

(-0.11) (-0.12) (-0.08) 

KS 0.010* -0.015*** -0.018*** 

(1.45) (-2.60) (-3.35) 

LEG -0.023*** -0.027*** -0.015*** 

(-3.16) (-4.64) (-3.22) 

LEGCT  0.003*** 0.004*** 0.004*** 

(2.45) (3.03) (4.24) 

REG -0.108*** -0.086*** -0.051*** 

(-10.72) (-8.73 (-7.49) 

REL  0.068*** 0.048*** 0.036*** 

(7.22) (6.20) (5.89) 

RIT -0.010*** -0.011*** -0.007*** 

(-4.65) (-5.47) (-2.85) 

LANG 0.101*** 0.076*** 0.047*** 

(8.99) (9.08) (7.49) 

Pseudo R2 0.073 0.0784 0.0850 

Quasi-LR stat 777.10*** 1018.35*** 1115.70*** 

N            10,200                 10,200             10,200  

Notes: (1) The table presents the quantile regression results of the model using the full sample period. (2) *, ** and *** denote the 

levels of significance at 1%, 5% and 10%, respectively. (3) t-statistics are reported in brackets. (3) q25 is the first quartile (25 

percentile), q50 is the second quartile (50 percentile) or the median, and q75 is the third quartile (75 percentile). (4) The quasi-likelihood 

ratio test by Koenker and Machado (1999) depicts the robustness of the model. 

 

 

5.4.4 Regional Analysis 

 

The results are repeated by regions, grouping markets into Asia-Pacific, Europe, and the 

Americas to determine if the effect of culture on market linkages varies across regions. The results 

indicate that culture seems to be a bigger determinant of market ties in the Asia-Pacific than in Europe 

and the Americas. All three culture variables, KS, REL, and LANG, are significant in the Asia-Pacific 

markets (Table 5.6). The results indicate that the culture variables are more important in shaping 

market linkages in the Asia-Pacific region than in the other two regions. The elevated role of culture 
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in the Asia-Pacific could be because the local markets are much more fragmented and are more likely 

to source foreign investments regionally versus globally, compared to other regions.39 

 

The distance variable, DIS, is significant in all three regions and is ranked higher than other 

variables regarding the magnitude of their coefficients. The legal variables are not significant in the 

Asia-Pacific, whereas the LEG and LEGCT variables are significant only at the 10% level in Europe 

and the Americas, respectively. Results for economic variables indicate that trade linkages matter 

more than the differences in the economic growth. The RIT variable is significant in both the Asia-

Pacific and Europe; the GDP variable fails to be a significant determinant of market linkages in all 

three regions.  

 

Table 5.6: Quantile regression results - regional analysis 
Independent 

variables 
Americas Asia-Pacific Europe 

  q25 q50 q75 q25 q50 q75 q25 q50 q75 

Intercept 2.090*** 1.822*** 1.318*** 0.888*** 0.900*** 0.858*** 1.970*** 1.797*** 1.660*** 

(8.68) (6.94) (8.48) (5.24) (8.72) 10.56 (11.36) (30.96) 23.23 

DIS -0.442*** -0.308*** -0.146*** -0.179*** -0.114*** -0.050** -0.434*** -0.338*** -0.268*** 

(-6.44) (-4.52) (-3.41) (-3.76) (-3.56) (-2.12) (-7.99) (-16.17) (-10.22) 

GDP 

(x100) 

0.005** 0.000 0.003 0.002 0.001 0.001 0.001 0.000 0.001 

(0.65) (-0.04) (0.77) (0.92) (0.36) (1.00) (0.42) (0.08) (0.18) 

KS -0.042 -0.104 -0.091* 0.014 -0.039** -0.051*** -0.066*** -0.060*** -0.050*** 

(-0.59) (-1.11) (-1.70) (0.84) (-2.15) (-4.65) (-4.82) (-4.00) (-3.90) 

LEG -0.029 -0.007 0.034 -0.017 -0.027 -0.049*** -0.009 -0.022* -0.009 

-0.46 (-0.09) (0.71) (-0.96) (-1.53) (-4.45) (-0.45) (1.68) (0.72) 

LEGCT 0.021 0.018* 0.015*** 0.000 0.000 0.002 -0.004 -0.002 -0.002 

(2.13) (2.49) (2.70) (-0.17) (0.12) (1.34) (-1.04) (-0.56) (-0.71) 

REL -0.015 -0.023 -0.003 0.126*** 0.091*** 0.053*** -0.001 0.014 0.018 

(0.33) (-0.53) (-0.09) (5.08) (4.77) (4.42) (-0.04) (1.07) (1.40) 

RIT -0.012** -0.007 -0.006 -0.008*** -0.013*** -0.008*** -0.038*** -0.033*** -0.028*** 

(-2.58) (-1.37) (-1.55) (-4.50) (-4.65) (-3.22) (-6.11) (-7.30) (-8.11) 

LANG -0.060 -0.130** -0.074 0.115*** 0.089*** 0.070*** 0.016 -0.014 0.038 

(-0.96) (-2.09) (-1.60) (5.92) (3.97) (4.22) (0.52) (0.84) (1.59) 

Pseudo R2 0.1365 0.0864 0.0730 0.0659 0.0602 0.0601 0.1429 0.1449 0.1238 

Quasi-LR 

stat 51.02*** 34.41*** 31.55*** 111.02*** 107.22*** 120.64*** 246.18*** 333.00*** 244.56*** 

N 340 340 340 1530 1530 1530 1530 1530 1530 

Notes: (1) The table presents the quantile regression results of the model using the regional markets. (2) *, ** and *** denote the levels of significance 

at 1%, 5% and 10%, respectively. (3) t-statistics are reported in brackets. (4) q25 is the first quartile (25 percentile), q50 is the second quartile (50 

percentile) or the median, and q75 is the third quartile (75 percentile). (5) The quasi-likelihood ratio test by Koenker and Machado (1999) depicts 

the robustness of the model. 

                                                           
39 Source: Kim et al. (2006), Garcia-Herrero and Wooldridge (2007). 
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5.4.5 Time-Variant Analysis 

 

The time-varying nature of stock market linkages is widely documented in the literature 

(Longin and Solnik, 2001; Bekaert, 2005; Caporale et al., 2005). According to the crisis-contingent 

models, investor behavior after a market crisis can lead to a tightening of market linkages. Studies 

such as those by Masson (1998) and Caporale et al. (2005) find that the investor sentiment shifts from 

positive to negative during market turbulence, which leads to the behavior of herding. The propensity 

to engage in such behavior can put negative pressure on other stock markets (Kaminsky and 

Schmukler, 1999). The data show that the periods of market crisis such as the 2008 global financial 

crisis are associated with high levels of volatility and elevated levels of correlations (Figure 1). The 

study tests if the determinants of market linkages change over market cycles by classifying the data 

into two periods as follows:  

 

 Period of Calm: pre-2001 recession period (1997-2000), pre-2008 recession period (2003-

2007) and post-2008 recession period (2010-2013). 

 Period of Turbulence: 2001 recession period (2001) and 2008 recession period (2008-2009).40  

 

The results in Table 5.7 show that the culture variable, KS, is significant in the period of 

turbulence but not during the period of calm. Thus, markets with similar cultural traits tend during 

turbulence to move together, compared to their behavior in the period of calm. The other two culture 

variables, REL and LANG, are significant determinants of market linkages in both periods. The results 

show that the significance of common language and religion remains intact during times of crisis 

                                                           
40 The timeline for the recessions is as per NBER – available at http://www.nber.org/cycles/cyclesmain.html, retrieved 

on December 6, 2014. The timelines of the recessions are based on the US business cycles of expansion and contraction 

due to the fact that the US recessions were global in nature and affected markets around the world.   

http://www.nber.org/cycles/cyclesmain.html
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whereas the culture distance loses its impact during periods of calm. Given that all three culture 

variables are significant in the period of turbulence, we can conclude that culture is a significant 

determinant of market linkages during times of turmoil and is not impacted by the increase in 

volatility during such periods. Thus, the hypothesis that behavioral factors such as culture can lose 

their impact on market linkages during the times of market turbulence can be rejected. 

 

It is also interesting to validate if the role of culture on market linkages varies across regions 

during periods of calm and turbulence. For example, the market volatility during the 2001 and 2008 

recessions was greater in the Americas and in Europe than in the Asia-Pacific. To observe these 

difference, the impact of market turbulence in the Asia-Pacific region is studied along with the 

American and European regions. The determinants of market linkages during times of crisis, by 

regions, are depicted in Table 5.8. Results show that the culture dimension, KS, is significant in the 

Americas–Europe but not in the Asia-Pacific. The differential impact is also observed with the other 

two culture variables. Whereas both REL and LANG are significant in the Asia-Pacific, they are not 

significant in the other two combined regions.  
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Table 5.7: Quantile regression results over two sample periods - Period of calm vs. Period of turbulence  
 Independent Variables Period of Calm Period of turbulence 

  q25 q50 q75 q25 q50 q75 

Intercept 1.439*** 1.573*** 1.465*** 1.517*** 1.450*** 1.411*** 

(26.35) (31.50) (41.76) (12.62) (19.66) (26.21) 

DIS -0.285*** -0.276*** -0.212*** -0.270*** -0.204*** -0.174*** 

(-21.45) (-21.76) (-24.09) (-8.50) (-10.96) (-12.61) 

GDP (x100) 0.000 0.000 0.000 0.000 -0.001 0.000 

(-0.19) (-0.76) (0.28) (-0.16) (-0.64) (-0.34) 

KS 0.007 -0.008 -0.020*** 0.009** -0.022** -0.027*** 

(0.98) (-1.57) (-4.09) (0.58) (2.26) (-4.53) 

LEG -0.026*** -0.028*** -0.018*** -0.023 -0.017 -0.004 

(-3.91) (-4.54) (-3.32) (-1.30) (-1.63) (-0.53) 

LEGCT  0.003** 0.003*** 0.004*** 0.006 0.003 0.002* 

(1.96) (2.73) (4.33) (1.30) (1.45) (1.71) 

REG -0.094*** -0.098*** -0.053*** -0.103*** -0.047*** -0.016 

(-8.33 (-9.29) (-6.01) (-3.85) (-2.61) (-1.00) 

REL 0.070*** 0.047*** 0.039*** 0.089*** 0.026** 0.017** 

(7.98) (4.82) (5.95) (3.97) (2.20) (2.00) 

RIT -0.009** -0.009*** -0.006*** -0.017*** -0.015* -0.005 

(-5.05) (-4.15) (-3.23) (-2.90) (-2.87) (-0.88) 

LANG 0.081*** 0.079*** 0.047*** 0.153*** 0.055*** 0.022* 

(6.65) (9.13) (-3.23) (8.16) (5.12) (1.85) 

Pseudo R2 0.0700 0.0802 0.0861 0.1021 0.0941 0.1363 

Quasi-LR stat 652.10*** 889.15*** 879.30*** 183.97*** 259.59*** 413.87*** 

N 8400 8400 8400 1800 1800 1800 

Notes: (1) The table presents the quantile regression results of the model during the periods of calm and turbulence. (2) *, ** and *** denote the 

levels of significance at 1%, 5% and 10%, respectively. (3)  t-statistics are reported in brackets. q25 refers to the first quartile (25 percentile), 

q50 refers to the second quartile (50 percentile) or the median, and q75 refers to the third quartile (75 percentile). (4) The quasi-likelihood ratio 

test by Koenker and Machado (1999) depicts the robustness of the model. 
 

Table 5.8: Quantile regression results across geographic regions - Period of calm vs. Period of turbulence 
 Independent Variables Period of Calm Period of turbulence 

  Americas and Europe Asia Pacific Americas and Europe Asia Pacific 

Intercept 1.247*** 0.926*** 1.337*** 0.924*** 

(-26.93) (9.843) (19.40) (3.44) 

DIS -0.175*** -0.127** -0.162*** -0.072*** 

(-14.04) (-4.55) (-9.11) (-0.89) 

GDP (x100) 0.000 0.001 -0.001 -0.001 

(-0.27) (0.40) (-0.46) (-0.17) 

KS -0.051*** -0.040** -0.039*** -0.057 

(-5.96) (-2.19) (-2.62) (-1.33) 

LEG -0.043*** -0.030 -0.033** -0.026 

(-4.47) (-1.45) (-2.17) (-0.88) 

LEGCT  0.001 0.000 0.005 -0.001 

-0.54 (0.07) (1.43) (-0.19) 

REL 0.033*** 0.085*** 0.005 0.071*** 

(-3.05) (4.87) (0.35) (1.56) 

RIT -0.010** -0.010*** -0.017*** -0.023*** 

(-2.07) (-2.89) (-4.78) (-3.67) 

LANG 0.075*** 0.048* 0.026 0.137*** 

-5.53 (1.86) (1.44) (5.11) 

Pseudo R2 0.1118 0.0722 0.1195 0.0969 

Quasi-LR stat 488.87*** 112.98*** 115.95*** 37.97*** 

N 3150 1260 630 270 

Note: (1) The table presents the quantile regression results of the model during the periods of calm and turbulence by regions. (2) *, ** 

and *** denote the levels of significance at 1%, 5% and 10%, respectively. (3) t-statistics are reported in brackets. (4) q25 refers to the 

first quartile (25 percentile), q50 refers to the second quartile (50 percentile) or the median, and q75 refers to the third quartile (75 

percentile). (5) The quasi-likelihood ratio test by Koenker and Machado (1999) depicts the robustness of the model. 
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5.4.6 Active vs. Thin Markets 

 

Markets with infrequent trading and low trading volumes, which are associated with 

underdeveloped markets and high transaction costs, exhibit higher serial correlation compared to 

those with higher liquidity (Harvey, 1995; Levine, 1996; Kawakatsu and Morey, 1999). According 

to Grinblatt and Keloharju (2001), the influence of culture disappears in markets characterized by 

sophisticated and institutional investors. Thus, liquid markets are likely to encourage both 

efficiencies in the allocation of capital and greater participation by investors in market trading 

activities. We test the hypothesis that market liquidity improves market efficiency leading to a 

diminished role of behavioral determinants such as culture in shaping market linkages.41 To do so, 

the markets are classified by liquidity, which is measured using the turnover ratio, the total value of 

shares traded during the period divided by the average market capitalization for the period. The 

average market capitalization is calculated as the average of the end-of-period values for the current 

period and the previous period. Figure 2 presents the turnover ratios for the different markets covered 

in this study.42 The markets with above average turnover ratio are classified as active and those below 

average as thin as follows: 

 

 Active Markets: Korea, USA, China, Italy, Germany, Japan, France, Norway, Sweden, India, 

UK, Switzerland. 

                                                           
41 The consensus in the literature is that the increase in market linkages allows for transparency of pricing, builds investor 

confidence and allows market participants to efficiently raise capital across borders (Harvey et al., 1994; Beck et al., 

2000; Erdogan, 2009). 
42 Lucey and Zhang (2009) find culture variables such as religion not to be a significant determinant of correlations 

amongst thin trading markets. A major shortcoming of their study is that it uses the stock market capitalization ratio as a 

proxy for market liquidity. This measure fails to identify liquidity since it only classifies markets according to market 

size and not by liquidity. 
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 Thin Markets: Australia, Canada, Denmark, Hong Kong, Singapore, Brazil, Russia, Greece, 

Indonesia, Malaysia, Mexico, New Zealand, Argentina. 

 

According to Figure 5.2, Korea reports the highest turnover ratio, with Argentina the lowest. 

The majority of the markets in the Americas and the Asia-Pacific are classified as thin whereas most 

in Europe are active markets. The thin markets, with lower turnover, report higher weekly returns, 

but have higher standard deviations compared to the active markets. Also, on average, the active 

markets indicate a negative skewness and a higher kurtosis relative to the thin markets. 

 

 

 
 Source: World Development Indicators, World Bank (2012) 

Note: Turnover ratio is calculated as the total value of shares traded during the period divided by the average market capitalization for 

the period.  
 

 

The three culture variables are significant in active markets, whereas the KS variable is not 

significant in financial markets with low turnover (Table 5.9). Thus, similar language and religion 

increase market linkages irrespective of market liquidity, whereas the culture distance matters only 

in the active markets. The decline in the magnitude of the LANG and REL variables in active markets 
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points to the reduced role of these culture variables on market linkages. The results show that, despite 

higher liquidity, culture variables continue to determine market linkages. 

Table 5.9: Quantile regression results - active vs. thin markets 
 Independent variables Active markets Thin markets 

  q25 q50 q75 q25 q50 q75 

Intercept 1.897*** 1.733*** 1.651*** 1.075*** 0.951*** 0.824*** 

(11.07) (25.02) (25.37) (8.92) (9.54) (9.22) 

DIS -0.383*** -0.304*** -0.254*** -0.203*** -0.132*** -0.054** 

(-8.67) (-16.69) (-15.05) (-6.88) (-5.49) (-2.42) 

GDP (x100) 0.000 0.000 0.000 -0.002 -0.001 0.000 

(-0.17) (0.01) (0.12) (-1.48) (-0.91) (0.23) 

KS -0.008 -0.017** -0.016** 0.011 -0.003 -0.020** 

(-0.63) (-2.20) (-2.16) (0.90) (-0.30) (-2.01) 

LEG 0.033** 0.037*** 0.024*** -0.040*** -0.017 -0.019* 

(2.36) (4.04) (2.87) (-3.13) (-1.41) (-1.80) 

LEGCT  0.000 -0.002 0.000 0.008*** 0.006** 0.006*** 

(-0.00) (-1.04) (0.27) (3.01) (2.72) (3.16) 

REG -0.106*** -0.051** -0.046*** -0.087*** -0.056** -0.009 

(-2.68) (-2.54) (-2.91) (-3.67) (-2.81) (-0.51) 

REL  -0.015 0.027** 0.044*** 0.053** 0.051** 0.040*** 

(0.65) (2.21) (4.77)) (2.58) (2.80) (2.63) 

RIT -0.038*** -0.038*** -0.029*** -0.006*** -0.005** -0.004*** 

(-4.13) (-6.94) (-5.79) (-3.13) (-1.35) (2.63) 

LANG 0.012 0.013** 0.014 0.159*** 0.113*** 0.082*** 

(0.47) (0.97) (1.00) (7.13) (6.90) (6.52) 

Pseudo R2 0.1301 0.1674 0.1925 0.0370 0.0301 0.0285 

Quasi-LR stat 309.15*** 627.81*** 637.11*** 106.97*** 97.34*** 90.02*** 

N 2,244 2,244 2,244 2,652 2,652 2,652 

Notes: (1) The table presents the quantile regression results of the model using active and thin markets based on liquidity. (2) *, ** 

and *** denote the levels of significance at 1%, 5% and 10%, respectively. (3) t-statistics are reported in brackets. (4) q25 is the first 

quartile (25 percentile), q50 is the second quartile (50 percentile) or the median, and q75 is the third quartile (75 percentile). (5) The 

quasi-likelihood ratio test by Koenker and Machado (1999) depicts the robustness of the model. 
 

Table 5.10. OLS regression results 

Independent 

variables 

Full 

sample 

Ameri

cas 

Asia Euro

pe 

Calm 

markets 

Turbul

ence 

Active 

markets 

Thin 

markets 

Intercept 1.376*** 1.702*

** 

0.747**

* 

1.824*

** 

1.402**

* 

1.633*

** 

1.718*** 0.865*

**  (43.86) (10.5
1) 

(8.21) 22.54 (42.09) (18.05
) 

(22.13) (10.62
) DIS −0.241**

* 
−0.298

*** 
−0.082*

** 
−0.358

*** 
−0.235**

* 
−0.285*

** 
−0.310**

* 
−0.112*

**  (−30.84) (−6.8
6) 

(−3.13) (−13.9
9) 

(−28.47) (−12.7
1) 

(−15.48) (−5.69
) GDP (×100) 0.000 0.001 0.001 0.000 0.000 −0.00

1 
0.000 −0.00

1  (−0.61) (0.57
) 

(0.58) (0.16
) 

(−0.51) (−0.42
) 

(−0.51) (−0.79
) KS −0.006* −0.04

3 
−0.023*

* 
−0.056

*** 
−0.010*

* 
0.019

* 
−0.009 −0.00

1  (−1.66) (−0.9
9) 

(−1.98) (−6.10
) 

(−2.42) (1.80) (−1.26) (−0.11
) LEG −0.019**

* 
−0.00

1 
−0.027*

* 
−0.01

1 
−0.022**

* 
0.001 0.027*** −0.01

7  (−4.72) (0.04
) 

(−2.25) (0.50
) 

(−5.08) (0.05) (3.34) (−1.94
) LEGCT 

(×100) 
0.004*** 0.019*

** 
0.000 −0.00

2 
0.004**

* 
0.004 −0.001 0.006*

**  (4.56) (3.64
) 

(0.19) (−0.7
2) 

(4.34) (1.61) (−0.42) (4.33) 
REG −0.077**

* 
- - - −0.075**

* 
−0.089*

** 
−0.072**

* 
−0.038

**  (−11.86) - - - (−10.99) (−4.81
) 

(−4.48) (−2.66
) REL (×100) 0.077**

* 
0.003*
** 

0.097**
* 

0.014 0.068**
* 

0.059*
** 

0.045*** 0.055*
**  (−11.86

) 
(0.12
) 

(6.58) (1.16
) 

(11.27) (3.81) (4.43) (4.38) 
RIT −0.007*

** 
−0.008
*** 

−0.007*
** 

−0.032
*** 

−0.007**
* 

−0.007*
** 

−0.032**
* 

−0.005*
**  (−7.68) (−3.3)

9) 
(−3.38) (−8.85

) 
(−6.70) (−3.94

) 
(−7.22) (−3.60

) LANG 0.065**
* 

−0.064
** 

0.078**
* 

0.011 0.061**
* 

0.094*
* 

0.000 0.103*
**  (9.78) (2.00

) 
(5.61) (0.50

) 
(8.70) (4.93) (−0.01) (7.84) 

Adjusted R2 0.1418 0.171
3 

0.1085 0.233
2 

0.1392 0.181
3 

0.2633 0.049
1 F-Statistic 186.97*

** 
8.55*
** 

23.13**
* 

57.80*
** 

161.55*
** 

30.49*
** 

88. 70*** 16.20*
** Notes: (1) This table presents the OLS results of the model. (2) *, ** and *** denote the levels of significance at 1%, 5% and 10%, respectively 

(2)  t-statistics are reported in brackets. 
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5.4.7 Culture Blocs 

 

 Several studies point to strong market linkages between markets sharing common cultural 

traits or a colonial origin (Jawadi et al., 2000; Chen et al., 2002; Forbes and Chin, 2004). To measure 

if shared common identity influences the determinants of market linkages, the markets are grouped 

into culture blocs: Anglo-Saxon (the UK, Canada, Australia and New Zealand); Latin (Mexico, 

Brazil, and Argentina); and Chinese (China, Hong Kong, and Singapore). Furthermore, dummy 

variables are assigned to denote the market pair location in common culture blocs. Results show that 

the markets within the culture blocs are more likely to depict a strong relationship between the culture 

distance and market linkages (Table 5.11). For example, the culture distance within the Anglo-Saxon 

and the Latin blocs is a significant determinant of market linkages. Thus, common shared history and 

culture are likely to be factors in shaping market linkages.  

 

Table 5.11: Culture blocs 
  Full Sample 

KS*AngloSaxon -0.460** 

  (-2.27) 

KS*AngloSaxonW -0.038** 

  (-4.24) 

KS*Latin -0.369*** 

  (-3.71) 

KS*LatinW -0.001 

  (-0.07) 

KS*Chinese -0.108  
(-1.11) 

KS*ChineseW -0.001  
(-0.17) 

Notes: (1) The table presents the quantile regression results of the model on culture blocs. 

(2) AngloSaxon refers to culture bloc consisting of market pairs from the UK, Australia, 

Canada and New Zealand; AngloSaxonW consists of AngloSaxon and non-AngloSaxon 

market pairs; Latin consists of Brazil, Mexico, and Argentina; LatinW represents Latin 

and non-Latin market pairs; Chinese consists of China, Hong Kong, and Singapore; 

ChineseW represents Chinese and non-Chinese market pairs. (3) *, ** and *** denote the 

levels of significance at 1%, 5% and 10%, respectively. (4) t-statistics are reported in 

brackets.  
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5.5 Conclusion 

 

This study provides a comprehensive examination of how culture affects stock market linkages, 

extending the model to study the impact across regions, market liquidity and different economic 

conditions, controlling for the influence of other variables. The study addresses several gaps in the 

existing literature. First, the role of culture as a determinant of market linkages is addressed. The 

results indicate that smaller cultural distance and similar religious belief and language increase 

market linkages. Cultural similarities between market pairs are also likely to increase the importance 

of culture distance in determining market linkages. Second, a regional analysis is used to assess if the 

significance of the determinants changes across regions. The results indicate that culture has the 

greatest impact on market linkages in the Asia-Pacific, followed by those in Europe and the Americas. 

Third, a time-variant analysis is used to assess whether the significance of variables changes between 

times of turbulence and calm. Results indicate that most of the culture variables remain significant 

determinants of market linkages in both periods, calm and turbulence, implying that the volatility 

during times of turbulence does not impact the significance of culture as a determinant of market 

linkages. However, culture dimensions do lose their significance during periods of normal market 

behavior. Fourth, the role of liquidity is investigated by testing if market efficiency in active markets 

reduces the role of culture in shaping market linkages. The results demonstrate that liquidity in the 

stock market does not have a bearing on market linkages. 

 

In general, these results show that behavioral determinants such as culture distance, religion 

and language variables influence investment behavior, leading to market linkages. Even in markets 

with a high trading volume, these determinants continue to hold, which signifies that behavioral traits 

continue to distort market efficiency and to encourage irrational markets during times of market 
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crisis. Such behavioral biases, where the market participants are likely to trade on noise, can lead to 

severe market losses and can cause immense damage to economic prosperity. Although the increase 

in market efficiency, due to factors such as information transmission and capital mobility, is likely to 

decrease the distortion in market behavior by culture traits, these behavioral traits are not likely to 

cease to exist. Policymakers and finance practitioners need to take these factors into account if they 

are to optimise their policies and portfolios, respectively.  
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6.1 Introduction 

 

Financial markets are becoming more globalized due to high-frequency trading, cross-listing 

of equities and debt, foreign direct investment and international portfolio management (Forbes and 

Chinn, 2004). This increasing integration among markets, which creates spillover or contagion effects 

from one market to another, is intensified by the action of multinational corporations and investors 

with a presence in multiple markets. This contagion effect, in turn, hinders the effectiveness of 

localized policy interventions in markets, particularly during times of market crisis. Thus, it is 

hypothesized that the greater the extent of market integration is, the less effective the localized policy 

interventions will be. 

 

A few of the studies on the effectiveness of policy interventions in markets deal with the Asian 

(Cheng et al., 2000; Su et al., 2002) and the Latin American crises (Rakshit, 2002; Corbacho et al., 

2003). However, as far as we know, none of these studies systematically test this hypothesis with 

regards to equity markets. Our study investigates the impact of the extent of market integration on 

the effectiveness of policy intervention in stock markets. This is done in the context of the equity 

markets of China and Russia. These two countries differ significantly regarding the extent of linkages 

between their stock markets with the US market. Although China was highly integrated economically 

with the US, its stock market was weakly integrated with the US market. Russia, on the other hand, 

had the opposite case. During the GFC, to stabilize their equity markets, these two countries 

undertook significant policy interventions but with contrasting results. China was relatively 

successful in its interventions while Russia was not. Thus, given the contrasting linkages with the US 

market, as well as their varying degrees of success regarding their interventions, these two countries’ 
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stock markets serve as excellent natural “laboratories” to test the impact of global integration on the 

effectiveness of policy interventions in equity markets. 

 

The study contributes to the literature in the following ways. First, as mentioned, to the best of 

our knowledge, this is the first study of the impact of integration on the effectiveness of policy 

interventions in stock markets. Second, the methodology combines the event study methodology with 

DCC and MRS models to derive measures of policy response and market linkages and to 

quantitatively test the interaction of the two variables (see 6.5 Methodology). This approach, which 

has not yet appeared in the existing literature, provides a more in-depth analysis of the impact of 

market linkages on policy intervention effectiveness.  

 

The results lend support to the hypothesis tested in the study. For both the Chinese and Russian 

stock markets, the extent of market linkages negatively affects the policy intervention effectiveness. 

The results also conclude that the impact of market linkages on policy response was greater in Russia, 

which indicates that the more markets are integrated, the more they negatively affect policy 

intervention effectiveness. Thus, the findings provide evidence that market integration limits the 

effectiveness of policy interventions. 

 

The rest of the study is organized as follows. Section 6.2 provides a brief review of the related 

literature. Section 6.3 explains the market interventions in Russia and China; the data and 

methodology appear in Section 6.4 and 6.5, respectively. Section 6.5 discusses the empirical results. 

Section 6.7 concludes the study. 
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6.2 Hypothesis and Literature Review 

 

Global financial linkages, depicted by correlations, have increased over time due to the 

globalization of the financial markets (Angkinand et al., 2009). The reduction in trade barriers and 

in trade and monetary unions such as the NAFTA and EMU has improved global capital flow, 

resulting in greater financial linkages (Rangvid, 2001; Mobarek, 2003). Other contributing factors 

include the advancement in information technology, the rise of institutional investors, the cross-

listing of securities and the emergence of global equity and bond market trading (Bekaert et al., 2005; 

Chambet and Gibson, 2008; Arouri et al., 2010). 

 

Despite the benefits of market integration, such as easier access to global capital, the tighter 

linkages can lead to financial contagion or transmission of market volatility from unrelated markets 

during times of financial crisis (Kearney and Lucey, 2004). According to Claessens and Forbes 

(2004), liquid markets with internationally traded financial assets are more likely to experience 

contagion than others. Several studies identify contagion during the 1997 Asian financial crisis (Gong 

et al., 2004; Chiang et al., 2007) and the GFC period (Beirne and Gieck, 2012; Boubaker et al. 2016). 

Another issue of concern is that financial integration in markets lacking strong financial and legal 

framework can be counterproductive, as it can lead to an outflow of capital to other attractive markets 

(Boyd and Smith, 1992).    

 

The rapid decline in equity markets during times of financial crisis is problematic since it can 

lead to economic recessions: the market prices are considered to be aggregators of the health of the 

market participants (Ratcliffe and Taylor, 2015). Policymakers intervene in equity markets, typically 

to stabilize prices by reducing negative sentiment to restore investor confidence (Engert et al., 2008). 
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Measures such as monetary expansion are preferred since they provide a significant impact on output, 

consumption, and investment during the market crisis (Dahlhaus, 2014). The government actions 

during times of market crisis are controversial as the critics argue that they disrupt market efficiency 

and encourage moral hazard while the proponents state that they are needed to counter financial 

contagion and prevent an economic recession (Bond and Goldstein, 2015).  

 

The GFC event, which originated in the US, was unprecedented in its scale due to the resulting 

transmission of volatility affecting several global markets (Quinn and Voth, 2008). The US 

policymakers enacted several measures to curb the market collapse during the GFC: a ban on short 

selling, debt and deposit guarantees, and bailouts of companies such as AIG and GM to protect the 

financial and manufacturing sector (Bekaert et al., 2014; Bond and Goldstein, 2015). Similarly, 

several other countries initiated significant and unprecedented policy interventions. European 

countries enacted measures to deal with the sovereign debt crisis, such as halting the markets, banning 

short selling and injecting capital in financial institutions (Grammatikos and Vermeulen, 2012). The 

Russian intervention involved temporarily suspending market trading and increasing liquidity 

(Saleem, 2008). The Chinese government intervened to support the equity markets by scrapping 

stamp duty on stock purchases and limiting direct purchases of stocks in the open market, along with 

making a direct stimulus injection to the economy.43  

 

Even though periods of financial crisis invite strong localized policy measures, the literature 

points to several challenges posed by increasing market volatility during such events. Financial 

contagion can undermine the ability of central bankers to assess the economy and manage monetary 

                                                           
43 Source: http://www.ft.com/cms/s/0/ae5cc89c-8611-11dd-959e-0000779fd18c.html#axzz3jCNBt9mw, retrieved on 

January 14, 2017. 

http://www.ft.com/cms/s/0/ae5cc89c-8611-11dd-959e-0000779fd18c.html#axzz3jCNBt9mw
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policy transmission. Claeys and Wolff (2015) conclude that correlations of short-term rates impact 

the ability of central banks to influence inflation dynamics, such as maintaining the zero bound for 

interest rates. Aizenman et al. (2016) find that during the GFC, local policy responses further 

aggravated the problem by increasing spillovers, from central economies such as the US, to the 

markets in peripheral countries. Bayoumi et al. (2014) blame the spillovers on the unexpectedly 

higher linkages between markets requiring much more coordinated policy interventions. They find 

that smaller economies were most vulnerable to capital flow disruption and exchange rate volatility 

through the real and financial sector channels during periods of crisis. According to Bernanke (2015), 

the smaller economies can lose “monetary policy autonomy” due to market pressures and 

interventions by larger markets. 

 

The changing landscapes in the global equity markets, due to globalization, produce unique 

risks, which are difficult to evaluate with the conventional frameworks and challenges conventional 

monetary policies.44 The rapid changes in the market networks, due to the transmission of volatility 

from foreign sources during equity market crashes, require unconventional policy responses (IMF, 

2013a). The standard monetary responses such as changes in real interest rates are not effective, as 

they take longer to filter in and they use rigid monetary policy frameworks. Furthermore, such 

measures are primarily aimed at shaping the macroeconomic landscape, since the traditional 

definition of contagion uses economic fundamentals as its cause (Bekaert et al., 2005). For example, 

in the EU, any irregularity in one of its constituent markets is likely to be rapidly transmitted to the 

other markets, requiring a successful policy intervention to be cohesive and well coordinated, as 

demonstrated during the sovereign debt crisis (LSE, 2011). The same conditions are increasingly 

                                                           
44 See Kearney and Lucey (2004) for a detailed analysis of the equity market integration and its consequences. 
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applicable to other markets which, despite formal monetary unions, depict increasing levels of 

integration and are likely to be a conduit of irregularities from one market to another. Another 

challenge to policymakers is that a shock from a closely integrated market of prominence such as the 

US can modify investor behavior in other smaller or dependent markets. For example, contagion can 

cause liquidity problems in other dependent markets due to sell-offs by the global investors, who are 

trying to cover their current position and who are anticipating future losses.  

 

The small amount of literature on the effectiveness of the market intervention offers mixed 

results. According to Cheng et al. (2000) and Su et al. (2002), the Hong Kong government’s direct 

intervention during the 1997 Asian crisis involved a direct stock purchase program, which reduced 

market volatility and led to positive abnormal market returns beyond the 30-day period. However, 

other examples of market interventions did not achieve similar desired results. Saleem (2008) finds 

that the direct interventions in Russia, such as halting trade and the infusion of $150 billion in the 

banking sector, failed to stem the decline in their market index during the 2008 market crisis. 

Similarly, the substantial market intervention in the US during the GFC was unable to prevent the 

profound economic recession which accompanied the stock market collapse (IMF, 2009). Some 

studies go further by questioning whether government interventions are enough to solve the 

underlying problems behind market failures. Hetzel (2009) notes that financial instability is a cause 

rather than a symptom of aggregate uncertainty, as in the credit collapse during the GFC, signifying 

the underlying problem of excessive risk-taking behavior by financial institutions.  

 

The theoretical implication of macroeconomic policy is that localized monetary and regulatory 

policy should be able to control the market crisis. The assumption is that the decision-makers and 

regulators can exert enough power to sway the markets despite external pressures. However, as 
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evident from several studies, markets are developing higher linkages, and the threat of contagion is 

becoming more profound with each market crisis (Gong et al., 2004; Kearney and Lucey, 2004; 

Chiang et al., 2007; Angkinand et al., 2009; Beirne and Gieck, 2012; Boubaker et al., 2016). The 

proponent of interventions during market crisis argue that such measures can reduce the negative 

externalities related to market crisis and reduce the impact of financial contagion (Bond and 

Goldstein, 2015). The results in the finance literature are mixed: few papers providing evidence of 

successful market interventions; others highlight the failure of such policies. A few studies find 

examples of market intervention being successful during market crisis events, such as the direct 

involvement of the government in Hong Kong during the Asian crisis in 1997 (Chen et al., 2000; Sue 

et al., 2001). However, other studies such as those of Saleem (2008) and Khan and Batteau (2011) 

note that the market intervention failed during the GFC due to the elevated market linkages. Also, 

the GFC event shows that the market interventions in the US were unable to prevent a long, slow 

market correction process and failed to prevent a dramatic collapse in the US economy (IMF, 2009).  

 

The rapidly changing financial networks pose new challenges to policymakers. Recent studies 

such as that of Claeys and Wolff (2015) find that the increasing correlations of short-term rates 

across markets impact the ability of central bankers to influence inflation dynamics such as 

maintaining the zero bound for interest rates. Aizenman et al. (2016) conclude that the local policy 

responses by governments during the GFC further aggravated the problem by increasing spillovers 

from central economies such as the US to the markets in peripheral countries. Bernanke (2015) 

states that the smaller economies lost “monetary policy autonomy” due to market pressures and 

interventions in larger markets. Bekaert et al. (2011) put forward the “globalization hypothesis,” 

which implies that the likelihood of contagion is greater in globally integrated equity markets. Thus, 

it is likely that policy interventions are losing their expected potency, given the increasing market 
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linkages and the transmission of volatility. This hypothesis is tested in the study in Chapter 6: it uses 

two different markets, China and Russia, to understand if their varying financial linkages with the 

US market impacted the success of their market intervention policies. 

H0j: Increasing market linkages affect the effectiveness of policy interventions during market 

crisis events. 

H1j: Market linkages do not affect the effectiveness of policy interventions during market crisis 

events. 

 

The hypothesis is that the market linkages negatively impact the effectiveness of policy 

intervention during periods of crisis: that is, a negative relationship between DCC and AR and a 

positive one between DCC and the conditional variance of AR. Furthermore, the conditional variance 

between markets is expected to be negatively related to AR and positively related to the conditional 

variance of AR. The negative relationship between market linkages and the effectiveness of market 

intervention policies is based on the “globalization hypothesis,” which implies that the likelihood of 

contagion is greater in globally integrated equity markets (Bekaert et al., 2011). Thus, countries 

depicting global linkages are likely to suffer from a higher propensity of contagion-like effects that 

severely undermine the domestic market intervention policies. The downside risks associated with 

volatility spillovers during times of financial market crisis are well established in the literature (see 

IMF, 2011a, b).  
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6.3 Market Intervention in Russia and China 

 

The Chinese and Russian equity markets are the focus of this study since these two markets 

provide a unique contrast regarding the effectiveness of market interventions during the GFC period. 

The downturn impacted both the markets during this period, resulting in interventions by policy 

decision-makers. However, the success of these measures varied between the two markets: the 

interventions were effective in China but failed in Russia. The two markets displayed a varying 

degree of linkages with the US, where the GFC originated. While China showed strong economic 

ties with the US as the result of robust trade relationships, its stock market depicted weaker linkages 

with the US due to the strict control of the domestic equity market by the Chinese authorities. In 

contrast, while Russia displayed weaker trade relationships with the US, its market depicted stronger 

financial linkages with the US (see Figure C3 in Appendix). Thus, the two markets provide an 

excellent laboratory to test whether the effectiveness of intervention policies are impacted by the 

varying levels of market integration. 

 

Although the financial crisis was brief, the GFC had an unexpectedly strong impact on the 

Chinese equity markets, highlighting their structural inefficiencies (Li et al., 2011). Liu et al. (2016) 

state that mispricing in the investor's required return contributed to the Chinese stock bubble, which 

led to the market correction during the GFC. The market suffered from mispricing since it was 

dominated by state-owned enterprises (SOE). For example, SOEs controlled 50% of China’s GDP 

(Szamosszegi and Kyle, 2011). Also, unlike developed markets, the majority of Chinese investors 

were individuals with short investment time horizons (Liu et al., 2016). They were likely to distort 

market efficiency by preferring lottery-type stocks characterized by high maximum daily returns 

over the past return period, leading to gambling-like behavior (Liang and Zhang, 2016).  
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The fluctuations in the Chinese market followed the trend in the US market during the GFC 

period (Figure C1, Appendix C). Although the market did not sustain a significant one-day loss, as 

occurred in Russia, the Chinese stock returns declined by 30% over the pre-event period (June 24-

September 17, 2008). Unlike the traditional intervention policies, such as quantitative easing and 

the suspension of short selling, Chinese market interventions were both direct and indirect. The 

unique structure and government ownership of private entities allowed the authorities to intervene 

indirectly in the market; for example, several SOEs in China issued bullish press releases with 

promises of not selling shares in the market. Another indirect measure involved Central Huijin 

Investment Co. Ltd., a government investment firm which directly purchased the shares of three 

major Chinese lenders in the stock exchange on September 18, 2008 – these lenders were the 

Commercial Bank of China, the Bank of China and the China Construction Bank.45 On the same 

day, the government intervened directly by reducing the stamp duty on share purchases.46 The 

second significant direct intervention took place on November 9, 2008, when the Chinese 

government introduced a $586 billion stimulus package to stabilize the market.47  

 

The crisis faced by the Russian market during the GFC was similar to that in China, with the 

market reporting significant levels of volatility (Figure C2, Appendix C). On September 16, 2008, 

the Russian market plunged 20% from a sharp decline in commodity prices and weakening monetary 

conditions.48 According to Khan and Batteau (2011), the Russian interventions, were intended to 

mitigate contagion effects coming from overseas markets and involved three key measures.49 First, 

                                                           
45 Source: http://www.china-briefing.com/news/2008/09/19/china-cancels-stamp-duty-on-stock-purchases.html, 

retrieved on Jan 4, 2017. 
46 Ibid. 
47 Source: http://www.economist.com/node/12585407, retrieved on Jan 4, 2017. 
48 Source: https://www.ft.com/content/6ff9306c-83f1-11dd-bf00-000077b07658, retrieved on Jan 06, 2017. 
49 Ibid. 

http://www.china-briefing.com/news/2008/09/19/china-cancels-stamp-duty-on-stock-purchases.html
http://www.economist.com/node/12585407
https://www.ft.com/content/6ff9306c-83f1-11dd-bf00-000077b07658
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on September 16 the Russian capital market regulatory authority, the Federal Financial Market 

Service (FFMS), directly intervened, suspending the market and injecting a total of $117.9 billion in 

liquidity into the banking sector. Second, the FFMS intervened again on October 6 by halting trade 

three times during that day. Third, on October 7 the market was once again suspended until October 

11 to minimize the sell-off.  

 

 

6.4 Methodology 

 

The study investigates the effect of market linkages on the effectiveness of policy intervention 

by developing measures of ties and of the effectiveness of policy interventions, along with several 

control variables. Then the multiple regression is conducted using a dependent variable and several 

independent and control variables. Lastly, the MRS model is used to provide a robustness test of the 

relationship between international market linkages and policy intervention effectiveness. 

 

 

6.4.1 Data 

 

The study employs daily MSCI country market indices available from the FactSet database. 

The MSCI China, priced in Renminbi (RMB), the MSCI US and MSCI World, priced in US$, and 

MSCI Russia, priced in rubles (RUB), are used to estimate the abnormal returns (AR) and the 

volatility. The event study for Russia and China uses daily closing value data for the period June 11, 
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2007-January 2, 2009 (sample size = 646) and September 20, 2007-February 6, 2009 (sample size = 

646), respectively. 

 

For the DCC-GARCH model, the MSCI China A and MSCI China B indices priced in Renminbi 

(RMB) are used, with a longer pre-event period (from January 1, 2005) to prevent any biases which 

may arise, due to the potential anticipation of interventions by market participants (sample size = 

1032). Instead of using a common currency, the local currency data allows for the incorporation of 

currency fluctuations which are evident during times of market crisis. 

 

The MSCI China A index includes shares of mainland Chinese companies which trade on the 

Shanghai and Shenzhen stock markets. For the period used in the study, the A shares were available 

for mainland Chinese investors only. The MSCI China B index consists of B shares available only to 

foreign investors, who did not qualify for purchasing A shares. The daily closing values are used to 

facilitate this event study, and local currency is used to incorporate changes in the currency due to 

market crisis.  

 

 

6.4.2 Regression Model 

 

The model aims to estimate the determinants of the effectiveness of the market interventions. 

Two multiple regressions are conducted for (a) the abnormal returns for each market and (b) the 

variance of abnormal returns, based on the model as follows:  

 

𝑌 = 𝑓 (𝑋𝑖); ∀ 𝑖 = (1, … ,6)                                   (6.1) 
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where 𝑌 = 𝐶𝐴𝑅  or Cumulative Abnormal Return calculated using the GARCH(1,1) and Variance of 

the 𝐴𝑅 or Abnormal Return calculated using the GARCH(1,1) model; 𝑋1 = correlation between 

Russia and the US and between China (China A and China B) and the US; 𝑋2 = univariate conditional 

variance; 𝑋3 = volume of share traded; 𝑋4 = Price / Earnings ratio; 𝑋5 = inflation rate; and 𝑋6 = 

industrial production. 

 

 

6.4.3 Markov Regime Switching Model 

 

As well as the regression models, the study uses the MRS model is used to capture the dynamic 

patterns and volatility of market returns in different regimes; these can result from either contagion 

or herding effects. The seminal work of Hamilton (1989) applied regime switching to business cycles 

of recessions and expansions to capture levels of long-term economic activity. Three studies have 

used a similar methodology, assessing a) time-varying volatilities (Gravelle et al., 2006), b) 

correlation switching (Kasch and Caporin, 2013) and c) differentiating between bullish and bearish 

markets (Ang and Bekaert, 2002). The MRS model allows the capture of complex dynamics between 

the markets by estimating the probability and the turning point dates of two regimes, high vs. low 

volatility, based on individual market returns. The results are then used to compare the timelines of 

the regimes with that of the market intervention period, to evaluate the timing of the interventions – 

planned or ad hoc in nature. The model is estimated as follows: 

 

𝑦𝑡 =  𝛼𝑖 +  𝛽𝑖 𝑥𝑖,𝑡 + 𝜖𝑡                         (6.2) 

𝜖𝑡 ~ 𝑁(𝑂, 𝜎𝑠𝑡

2 )                          (6.3) 
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where 𝑦𝑡 = time series generated with regime switching variance; 𝛽𝑖 = coefficient and 𝑖 refers to 

Russian and Chinese markets; and 𝜎𝑠𝑡
2  = variance of the state 𝑠𝑡. 

 

The state 𝑠𝑡 is unobservable and follows a 𝑁-state Markov chain with transitional probabilities 

specified as follows: 

 

𝑃(𝑠𝑡 = 𝑖 | 𝑠𝑡−1 = 𝑗, 𝑠𝑡−2 = 𝑞 … . ) = 𝑝𝑖𝑗                       (6.4) 

 

The regime-specific error variances are used to allow for heteroscedasticity across regimes, due to 

the nature of the data utilized in the study. 

 

 

6.4.4 Variables and Their Measure 

Dependent Variables 

 

The dependent variable, the effectiveness of policy intervention, as measured by either (a) AR, 

or (b) the conditional volatility of AR. The higher (lower) the abnormal return and lower (higher) the 

conditional volatility of AR, the more efficient is the policy intervention. The AR, which provides an 

estimate of the excess return of the stock market indices (Russia and China) over the world stock 

index, is obtained using the event study methodology before, during and after market interventions.50 

Evidence of positive ARs after the market intervention would signal a positive response to the policy 

intervention measures. 

 

                                                           
50 The event study methodology is well established in the finance literature. See Kothari and Warner (2006) for a brief 

survey of its literature. 
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The AR is calculated using the Market Model of MacKinlay (1997) as follows: 

 

𝐴𝑅𝑥,𝑡 =  𝑅𝑥,𝑡 −  𝛽𝑅𝑚,𝑡 − 𝛼            (6.5) 

 

where 𝐴𝑅𝑥,𝑡 = abnormal returns at time t, and x = MSCI Russia index (ROUB), MSCI China index 

(RNB); 𝛽 = linear regression estimate for an estimation window before the key event window; 𝑅𝑥,𝑡 

= realized returns; 𝛼 = constant; and 𝑅𝑚,𝑡 = world market return at time t, where m = World MSCI 

index (US$). 

Furthermore, the cumulative abnormal return (CAR) is calculated by aggregating the AR as follows: 

 

𝐶𝐴𝑅 (𝑡1, 𝑡2) =  ∑ 𝐴𝑅𝑖,𝑡
 𝑡2
𝑡=𝑡1                      (6.6) 

 

where the event window is a 2-day period starting from 𝑡1 = −1 and 𝑡2 = 0. 

 

The residuals of AR calculated using the Market Model are computed using the OLS method. 

Given that non-normality characterizes the market data, due to extreme tail events, the OLS method 

suffers from estimation problems associated with heteroscedasticity.51 To overcome this issue, 

Bollershev’s (1987) GARCH(1,1) model is used to estimate betas and the associated standard errors. 

The AR is then calculated, taking into account the conditional volatility as follows: 

 

𝐴𝑅𝑡 = 𝜌𝐴𝑅𝑡−1 +  𝜖𝑡             (6.7) 

𝜎𝑡
2 = 𝜔 + 𝛼1𝛿𝑡−1

2 +  𝛽𝛼𝑡−1
2                 (6.8) 

 

                                                           
51 See Table A1, Appendix C. 
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where 𝛼1 is the coefficient of the Autoregressive Conditional Heteroscedasticity (ARCH) term and 

𝛽 is the coefficient of the GARCH term.  

  

 The CARs are also calculated using the GARCH method and the t-test is used to test the 

significance of the AR at a 5% level. The t-ratios are calculated by dividing the abnormal returns with 

the standard errors. Three different event horizons are selected for each market, to estimate the 

abnormal returns, as follows: 

 

Event study horizon – Russia 

     (Estimation window)              (Pre-event)                 (Event)                           (Post-event) 
|------------------------------|------------------------------|---------------------------------------|--------------------- 
June 11, 2007-June 23, 2008             June 24-Sep 15, 2008                           Sep 16, 2008-Oct 11, 2008                  Oct 13, 2008-Jan 2, 2009 

 

 

Event study horizon – China 

    (Estimation window)             (Pre-event)                 (Event)                           (Post-event) 
|------------------------------|------------------------------|---------------------------------------|--------------------- 
 Sep 20, 2007-June 23, 2008             June 24-Sep 17, 2008                           Sep 18, 2008-Nov 10, 2008              Nov 11, 2008-Feb 6, 2009 

 

 

The conditional volatility of the AR is derived as follows: 

 

𝜎2 = 𝜔 +  𝛼 𝜖𝑡−1
2 +  𝛽 𝜎𝑡−1

2                 (6.9) 

 

where 𝜔 = constant term; 𝜖𝑡−1
2  = ARCH term; and 𝜎𝑡−1 

2 = GARCH term. 

 

Independent Variables 

 

The independent variable, market linkage, is measured by either (a) the DCC or (b) the 

conditional variances between markets or volatility spillover. The DCC method is used to estimate 
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the correlation dynamics of the market returns, especially during financial crisis events. The DCC 

estimates provide better estimates than the unconditional correlations, which can suffer from biases 

due to volatility spikes and heteroscedasticity problems (Engle, 2002). A substantial increase in DCC 

coefficients can occur during times of market crisis. However, if the elevated correlations during the 

post-crisis period do not fall back to pre-crisis levels, then this suggests interdependence instead of 

contagion effects. Chiang et al. (2007) and Hemche et al. (2016) are among the few researchers who 

have used DCC-GARCH models to identify contagion effects during market crisis events. 

 

The DCC-GARCH(1,1) model of Engle (2002) is estimated as follows: 

 

𝑦𝑡 =  𝐶𝑥𝑡 +  휀𝑡                                    (6.10) 

휀𝑡 =  √𝐻𝑡𝑣𝑡                 (6.11) 

𝐻𝑡 =  √𝐷𝑡√𝐷𝑡𝑅𝑡                 (6.12) 

𝑅𝑡 = 𝑑𝑖𝑎𝑔 (𝑄𝑡
−1/2

) 𝑄𝑡  (𝑄𝑡
−1/2

)               (6.13) 

𝑄𝑡 = (1 − 𝑎 − 𝑏)�̅� + 𝑎𝑍𝑡−1 𝑍′𝑡−1 + 𝑏𝑄𝑡−1                        (6.14) 

 

where 𝑦𝑡 = 𝑚 × 1 vector of dependent variables; 𝐶 = 𝑚 × 𝑘 matrix of parameters; 𝑥𝑡  = 𝑘 × 1 vector 

of independent variables; 𝑣𝑡 = 𝑚 × 1 vector of normally, independently, and identically distributed 

innovations; 𝐻𝑡 = time-varying multivariate conditional covariance; 𝐷𝑡  = diagonal matrix of 

conditional variances; 𝑅𝑡 = matrix of conditional quasi correlations; 𝑄𝑡 = time-varying covariance 

matrix; and �̅� }{ ijq  denotes the unconditional covariance matrix of 𝑍𝑡.  

 

The DCC coefficient is estimated as follows: 
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           (6.15) 

 

The model uses a two-stage process with a quasi-maximum likelihood method to get consistent 

parameter estimates, with the log-likelihood function estimated as follows: 

 

CorrVol LLL                                                                                 (6.16) 

VolL  =   
t

ttttk rDrD
22

'log)2log(
2

1
                            (6.17) 

CorrL  =    

t

tttttt ZZZRZR ''log
2

1 1
                           (6.18) 

 

where VolL  = volatility component; and CorrL  = correlation component. 

 

The second independent variable used in the model, the conditional variance between the stock 

indices, is calculated using Equation (6.9). 

 

Control variables 

 

The following control variables are used in the regression model: 

 

(a) Market Volatility: is calculated using the standard GARCH(1,1) model depicted by Equation 

(6.5). The market volatility is expected to adversely impact AR, based on past studies such as 

that of Schwert (1989). 
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(b) PE: refers to the average price/earnings ratio of the corporations listed in the index. This ratio 

is a well-recognized indicator of future returns in the market, with a low ratio associated with 

a higher expected market return (Chan et al., 1991; Fama and French, 1992). The expected 

sign for this variable is negative. Data Source: FactSet. 

 

(c) Inflation: Past studies show that the inflation rate is negatively related to the expected stock 

market return, due to its adverse relationship with earnings growth (Gjerde and Frode, 1999; 

Nasseh and Strauss, 2000). The expected sign for this variable is negative. Data Source: 

World Bank. 

 

(d) Industrial Production: Several studies indicate a positive relationship between industrial 

production and stock market returns, as increased production translates into higher profits for 

the firms (Hosseini et al., 2011; Mahedi, 2012). The expected sign for this variable is positive. 

Data Source: World Bank. 

 

(e) Trading Volume: refers to the total number of shares traded in the index and can impact stock 

market returns (Lee and Rui, 2002; Patra and Poshakwale, 2006). The expected sign of this 

variable is unknown, as a change in volume could translate into either a bullish or a bearish 

market. Data Source: FactSet. 

 

 

6.4.5 Regression Model 
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The model aims to estimate the determinants of the effectiveness of the market interventions. 

Two multiple regressions are conducted for (a) the abnormal returns for each market and (b) the 

variance of abnormal returns, based on the model as follows:  

 

𝑌 = 𝑓 (𝑋𝑖); ∀ 𝑖 = (1, … ,6)                                   (6.19) 

 

where 𝑌 = 𝐶𝐴𝑅  or Cumulative Abnormal Return calculated using the GARCH(1,1) and Variance of 

the 𝐴𝑅 or Abnormal Return calculated using the GARCH(1,1) model; 𝑋1 = correlation between 

Russia and the US and between China (China A and China B) and the US; 𝑋2 = univariate conditional 

variance; 𝑋3 = volume of share traded; 𝑋4 = Price / Earnings ratio; 𝑋5 = inflation rate; and 𝑋6 = 

industrial production. 

 

 

6.4.6 Markov Regime Switching Model 

 

As well as the regression models, the study uses the MRS model is used to capture the dynamic 

patterns and volatility of market returns in different regimes; these can result from either contagion 

or herding effects. The seminal work of Hamilton (1989) applied regime switching to business cycles 

of recessions and expansions to capture levels of long-term economic activity. Three studies have 

used a similar methodology, assessing a) time-varying volatilities (Gravelle et al., 2006), b) 

correlation switching (Kasch and Caporin, 2013) and c) differentiating between bullish and bearish 

markets (Ang and Bekaert, 2002). The MRS model allows the capture of complex dynamics between 

the markets by estimating the probability and the turning point dates of two regimes, high vs. low 

volatility, based on individual market returns. The results are then used to compare the timelines of 
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the regimes with that of the market intervention period, to evaluate the timing of the interventions – 

planned or ad hoc in nature. The model is estimated as follows: 

 

𝑦𝑡 =  𝛼𝑖 +  𝛽𝑖 𝑥𝑖,𝑡 + 𝜖𝑡                         (6.20) 

𝜖𝑡 ~ 𝑁(𝑂, 𝜎𝑠𝑡

2 )                          (6.21) 

 

where 𝑦𝑡 = time series generated with regime switching variance; 𝛽𝑖 = coefficient and 𝑖 refers to 

Russian and Chinese markets; and 𝜎𝑠𝑡
2  = variance of the state 𝑠𝑡. 

 

The state 𝑠𝑡 is unobservable and follows a 𝑁-state Markov chain with transitional probabilities 

specified as follows: 

 

𝑃(𝑠𝑡 = 𝑖 | 𝑠𝑡−1 = 𝑗, 𝑠𝑡−2 = 𝑞 … . ) = 𝑝𝑖𝑗                       (6.22) 

The regime-specific error variances are used to allow for heteroscedasticity across regimes, due to 

the nature of the data utilized in the study. 

 

 

6.5 Results 

 

This section presents the results, for each of the two markets, of the analysis on the effectiveness 

of policy interventions and how it is impacted by financial linkages. 
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6.5.1 China 

 

Effectiveness of Policy Intervention: AR and Conditional Variances of AR 

 

The Chinese market suffered a decline of over 30% during the pre-event period (June 24-

September 18, 2008). However, despite the initial losses, the interventions in China were successful 

in stabilizing the market. The first significant intervention took place on September 18 and succeeded, 

as the AR increased on the following two days by 7% and 5%, respectively.52 The market weakness 

continued in the period leading to the second intervention on November 9. The AR reported a 

substantial increase of 7% on the following day. The increasing trend in the CAR during the post-

event period (Figure 6.1a) and the increase in the percentage of days with positive AR during that 

time (Table 6.1) indicate that the policy intervention measures were successful. The results are 

reinforced by the AR variances, which suggest that although the variances briefly increased after the 

event, they eventually subsided in the post-event period (Figure 6.1b). 

 

Table 6.1: AR for each sample period – China 
  Positive AR   Average AR 

 # of days %  Market Model MM-GARCH(1,1) 

Pre-event 25 42%  -0.0023 -0.0026 

Event 17 45%  0.0044 0.0042 

Post-event 31 52%  0.0026 0.0024 
Notes: (1) The first column displays the number of days with positive AR in each period. (2) The second column reports 

the percentage of total days with positive AR in each period (3) The third column reports the average AR using the market 

model by MacKinlay (1997) (4) The fourth column reports the average AR using the MM-GARCH(1.1) model. 
 

 

 
 

 

 
 

                                                           
52 Due to space constraints, the study does not present the detailed breakdown of AR and CAR results by time period. 
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Figure 6.1a: CAR (China)
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Figure 6.1b: Variances of AR (China)

Pre-event Event Post-event

Note: CAR for MSCI China index is calculated using GARCH(1,1) and market model 

Source: FactSet 
 

 

Note: Variance of AR for the MSCI China index 

Source: FactSet 
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Extent of Market Linkages 

Dynamic Conditional Correlations 

 

The DCC-GARCH(1,1) estimates are used to measure the time-varying ties between the 

Chinese and US markets. Instead of using an aggregate China index, the China A and China B indices 

are used to contrast the relationship between the domestic and the international investible index, 

respectively. The China B index reported a higher standard deviation (0.1263) compared to the China 

A index (0.1069), as shown in Table 6.2. The China A index displayed a negative relationship with 

the US (-0.0183), compared to the positive relationship between the China B index and the US market 

(0.0484). Furthermore, Figures 6.2a and 6.2b suggest no significant increase in correlations during 

the pre-crisis period, which may be explained by the fact that China did not exhibit increasing 

linkages with the US equity market.  

Results show that the shocks arising from the US market had a greater effect on the domestic 

Chinese index with αChina A > αUS (Table 6.2). However, the reverse was true in the case of the China 

B index, given αChina B was lower than αUS. Results for the volatility spillover effect on the dynamic 

correlations show that the volatility transmission from the US affected the China B index with 

βus>βChina B. However, the volatility spillover from the US did not affect the China A index (βus<βChina 

A). The results indicate that, despite the decline in returns, the domestic index did not experience 

volatility transmission from the US, suggesting that the likely cause of the market crash was the 

investors evaluating the structural flaw in the domestic market, leading to the sell-off.  
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Table 6.2: DCC GARCH(1,1) estimates between the 

Chinese and US indices  
China A-US China B-US 

αChina A, China B 0.0743 0.1738 

β China A, China B 0.8937 0.5230 

αus 0.0871 0.1420 

βus 0.4539 0.6977 

ωChina 0.0000 0.0002 

ωus 0.0001 0.0000 

Likelihood 4563.9390** 4478.1190** 

Cond. Corr. (full sample) -0.0183 0.0484 

St. dev. (full sample) 0.1069 0.1263 
Note: (1) ***, ** and * denote statistical significance at the 1%, 5% and 

10% levels, respectively. (2) αChinaA, ChinaB and αus refer to the ARCH 

effect. (3) βChinaA, ChinaB and βus refer to the GARCH effect.  
 

 

Figure 6.2a: DCC (China A-US) 
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Note: The DCC coefficients between the MSCI China A and MSCI US indices (the red lines depict the 

intervention period).  
Source: FactSet 
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Figure 6.2b: DCC (China B-US) 

 

 

 

 

 

Conditional Variances 

 

Figures 6.3a and 6.3b indicate that the volatility in the indices increased before and during the 

crisis but declined during the post-intervention period. Furthermore, the conditional variances 

between the Chinese and the US markets depict similar findings (Figures 6.4a, 6.4b). These results 

confirm the previous findings that the volatility declined in the post-intervention period, indicating 

the success of market interventions. 
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Note: The DCC coefficients between the MSCI China B and MSCI US indices (the red lines depict 

the intervention period) 

Source: FactSet 
 

Source: FactSet 
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                                                        Figure 6.3a: Conditional volatility (China A) 
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                                                        Figure 6.3b: Conditional volatility (China B) 
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Note: The univariate conditional variance or volatility of the MSCI China A index (the red lines 

depict the intervention period). 
Source: FactSet 
 

Note: The univariate conditional variance or volatility of the MSCI China A index (the red lines 

depict the intervention period) 

Source: FactSet 
 

 



197 

 

 

                                                        Figure 6.4a: Conditional volatility (China A-US) 
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                                               Figure 6.4b: Conditional volatility (China B-US) 
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Note: The bivariate conditional variance or volatility between the MSCI China A and MSCI US 

indices (the red lines depict the intervention period). 
Source: FactSet 

 

Note: The bivariate conditional variance or volatility between the MSCI China B and MSCI US 

indices (the red lines depict the intervention period) 

Source: FactSet 
 
.  
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Impact of Market Linkages on Effectiveness of Policy Intervention 

 

The results show that the success of the Chinese interventions was due to the lower levels of 

financial linkages between China and the US, despite the strong economic and trade ties between the 

two nations. The Chinese authorities were able to maintain a tighter control on investor behavior not 

only by restricting foreign investors and controlling capital outflow but also by being able to directly 

intervene in the markets by influencing the investment behavior of SOEs (Li et al., 2012). The lower 

levels of linkages between the Chinese and US markets were due to the Chinese government policy 

of maintaining tight control over the stock market, with rigid capital and currency controls. The 

positive AR, after the government response, and the timing of the policy intervention, corresponding 

to the volatility spikes during the crisis period, validate the success of the intervention policies. 

Another plausible reason for the recovery in the market could be that the market crisis in the US 

prompted foreign investors to transfer their investments from the turbulent US market during the 

GFC to “safer” markets such as China, further shortening the duration of the market crisis in China. 

 

The regression results show that conditional correlations were not a significant determinant 

of the abnormal returns in Chinese equity markets (Table 6.3). The volatility was not a factor for the 

China A index, but adversely impacted the abnormal returns in the China B index. The study also 

estimates the impact of conditional variances between the two Chinese indices and the US market. 

Results show that the conditional variance or volatility between China B and the US was a significant 

determinant and adversely impacted AR. Also, the variances of the China A index with the US market 

were significant determinants of the variances in the AR. Thus, the conditional correlations between 

the domestic Chinese and the US indices, along with the ensuing univariate volatility and the bivariate 

volatility between the index and the US market, had no bearing on AR. These results confirm that the 
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policy intervention succeeded in China because of the lack of both market linkages and volatility 

spillover from foreign markets (contagion), which provided decision-makers with more control over 

the economy and the market, while aiding their market intervention policies.  

 

Table 6.3: Regression model coefficient estimates – China 
 Determinants of AR Determinants of conditional variance of AR 

 (1) (2) (3) (4) 

CORRA -0.0836 -0.0920 -0.0007*** -0.0006*** 

CORRB 0.0532 0.0560 0.0003** 0.0003*** 

VAR_CHINAA 22.4847  -0.9647  

VAR_CHINAB -105.7030***  1.0527  

VAR_CHINAA_US  7.2862  -0.9584*** 

VAR_CHINAB_US  -105.4279***  1.1619*** 

VOL 0.0000*** 0.0000*** 0.0000*** 0.0000*** 

PE 0.0105** 0.0117*** 0.0000 0.0000 

INF -0.0321*** -0.0341*** -0.0001** -0.0001** 

INP 0.0030*** 0.0031*** 0.0000 0.0000 

C -0.5106*** -0.5459*** 0.0006 0.0006 
Notes: (1) ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. (2) The coefficient estimates are 

defined as: CORRA refers to the conditional correlations between MSCI China A and MSCI US index; CORRB refers to the conditional 

correlations between MSCI China B and MSCI US index; VAR_CHINAA refers to the conditional variance or volatility in the MSCI 

China A index; VAR_CHINAB refers to the conditional variance or volatility in the MSCI China B index; VAR_CHINAA_US refers to 

the conditional variance or volatility between the MSCI China A and MSCI US index; VAR_CHINAB_US refers to the conditional 

variance or volatility between the MSCI China B and MSCI US index; VOL refers to the volume of shares traded in the index; PE 

refers to the Price/Earnings ratio of the index; INF refers to the inflation rate; INP refers to the industrial production; and C refers to 

the constant. (3) Column 1 estimates the determinants of AR excluding the variance between Chinese and the US index returns. (4) 

Column 2 estimates the determinants of AR excluding the variance in the Chinese indices. (5) Column 3 estimates the determinants 

of conditional variances of AR excluding the variance between the Chinese and the US indices (6) Column 4 estimates the 

determinants of conditional variances of AR excluding the variance in the Chinese indices. 

 

 

6.5.2 Russia 

 

Effectiveness of Policy Intervention: AR and Conditional Variances of AR 

 

While the policy measures in China were successful in halting the market, the results in Russia 

were not favorable. The first intervention, on September 16, 2008, failed to stop the market declines 

in the following two days. The AR increased on the third and fourth day but posted declines on 7 out 

of 9 subsequent days. The second intervention took place on October 6, followed by the third response 
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on October 11. The event window shows that ARs were negative on the majority of the days (12 out 

of 18 days), as indicated in Table 6.4. Furthermore, the average AR in the post-event period was 

negative and depicted a declining trend (Figure 6.5a), suggesting the failure of the policy intervention 

measures in Russia. Results show that the Russian markets were much more sensitive to global 

markets, with a higher 𝛽 compared to China during the three periods (Table A2, Appendix C). The 

variance of the AR in the Russian market continued to increase after the event was over (Figure 6.5b). 

Overall, the results indicate that the market intervention polices failed to produce the desired outcome 

in Russia. 

 

Table 6.4: AR for each sample period – Russia 
 Positive AR  Average AR  

# of days %  Market Model MM-GARCH(1.1) 

Pre-event 19 33%  -0.0075 -0.0078 

Event 7 37%  -0.0034 -0.0040 

Post-event 25 44%  -0.0031 -0.0032 
Notes: (1) The first column displays the number of days with positive AR in each period. (2) The second column reports the 

percentage of total days with positive AR in each period (3) The third column reports the average AR using the market model 

by MacKinlay (1997) (4) The fourth column reports the average AR using the MM-GARCH(1.1) model. 
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Figure 6.5a: CAR (Russia) 
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Figure 6.5b: Variances of AR  (Russia) 

Pre-event Event Post-event

Note: CAR for MSCI Russia index is calculated using GARCH(1,1) and Market Model.   

Source: FactSet 
 
 

 

Note: Variances of AR for the MSCI Russia index 

Source: FactSet 
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Extent of Market Linkages: DCC and Conditional Variances 

Dynamic Conditional Correlations  

 

The ARCH effect was lower in Russia (αRussia) compared to the US (αus), which means that the 

shocks from the US market impacted the Russian market more than the other way around (Table 6.5). 

Also, the Russian market experienced volatility transmission from the US market, with the βus being 

higher than βRussia. A steady increase in correlations is observed between the Russian and the US index 

especially during the period 2005-2006, with a high average correlation coefficient of 0.4051 (Figure 

6.6 and Table 6.5). The Russian markets depicted stronger linkages with the US market, with an 

average conditional correlation coefficient of 0.3175 over the full sample period, compared to -0.0183 

for China A-US and 0.0484 for China B-US indices (Tables 6.2 and 6.5). Finally, the market remained 

positively correlated during all trading days during the period, depicting close ties with the US 

market. 

 

Table 6.5: DCC-GARCH (1,1) estimates between 

the Russian and the US indices 
 DCC-GARCH 

αRussia, US 0.1146 

βRussia, us 0.2539 

αus 0.1525 

βus 0.5247 

ωRussia 1.9168 

ωus 0.2315 

Likelihood 4564.2350** 

Conditional Correlation (full sample) 0.3175 

Standard Deviation (event) 0.0144 
Notes: (1) ***, ** and * denote statistical significance at the 1%, 5% 

and 10% levels, respectively. (2) αChinaA, ChinaB and αus refer to the 

ARCH effect. (3) βChinaA, ChinaB, and βus refer to the GARCH effect.  
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Figure 6.6: DCC – Russia-US  

 

 

 

 

 

Conditional Variances  

 

The Russian market experienced an increase in volatility during the period leading to the market 

crisis; however, unlike the Chinese market, the volatility continued in the post-intervention period, 

with substantial spikes noted during November and December 2008 (Figure 6.7). Similarly, a 

significant increase in volatility spillover from the US market during and after the crisis period 

indicated that the interventions failed to lower the volatility spillovers in the Russian market (Figure 

6.8). 
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Note: The DCC estimates between the MSCI Russia and MSCI US indices report an increasing trend 

leading to the event depicted by red lines 

Source: FactSet 
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Figure 6.7: Conditional volatility (Russia)  

 

 

 

 

 

 

 

Figure 6.8: Conditional volatility (Russia-US) 
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Note: The univariate conditional variance or volatility of the MSCI Russia index (the red lines 

depict the intervention period). 

Source: FactSet 
 

 

Note: The bivariate conditional variance or volatility between the MSCI Russia and MSCI US indices 

(the red lines depict the intervention period). 

Source: FactSet 
 
.  
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Impact of Market Linkages on Effectiveness of Policy Intervention 

 

The results of the regression model show that the conditional correlations between the Russian 

and US markets negatively affected the abnormal returns, i.e., the linkages between the markets had 

an adverse impact on the domestic market intervention in Russia (columns 1 and 2 in Table 6.6). 

Furthermore, the univariate volatility in the Russian market, along with the volatility spillovers from 

the US market, negatively affected the AR during times of market crisis. The determinants of the 

variances in AR, as depicted by columns 3 and 4, show that while the univariate and the bivariate 

variances between the Russian and US markets were statistically significant, the correlations were 

not significant determinants. Thus, the Russian market was vulnerable to the transmission of volatility 

coming from the US market, the origin of the crisis during the GFC period. Furthermore, unlike the 

Chinese market, the Russian equity market report strong linkages with the US market, thus limiting 

the ability of policymakers to “shield” the domestic market during that time of market crisis.  

 

Table 6.6: Regression model coefficient estimates – Russia  
 Determinants of AR Determinants of Conditional Variance of AR 

 1 2 3 4 

CORR -0.8833*** -1.134*** -0.0018 -0.0003 

VAR_RUSSIA -8.2014***  0.0696***  

VAR_RUSSIA_US  -9.720***  0.0829*** 

VOL 0.0000 0.000 0.0000*** 0.0000*** 

PE 0.0211*** 0.021*** 0.0000 0.0000 

INF -0.1417*** -0.143*** 0.0000 0.0000 

INP -0.0030 -0.003 0.0000*** 0.0000*** 

C 2.5862*** 2.700*** 0.0058*** 0.0049*** 
Note: (1) ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. (2) CORR refers to the conditional 

correlations between MSCI Russia and MSCI US index; VAR_RUSSIA refers to the conditional variance or volatility in the MSCI 

Russia index; VAR_RUSSIA_US refers to the conditional variance or volatility between the MSCI Russia and the MSCI US index; 

VOL refers to the volume of shares traded in the index; PE refers to the Price/Earnings ratio of the index; INF refers to the inflation 

rate; INP refers to the industrial production; and, C refers to constant (3) Column 1 estimates the determinants of AR excluding the 

variance between Chinese and the US index returns. (4) Column 2 estimates the determinants of AR excluding the variance in the 

Chinese indices (5) Column 3 estimates the determinants of conditional variances of AR excluding the variance between the Chinese 

and the US indices (6) Column 4 estimates the determinants of conditional variances of AR excluding the variance in the Chinese 

indices. 
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6.5.3 Markov Regime Switching Model 

 

Table 6.7a reports lower implied standard deviation for Regime 1 or lower volatility (0.024) 

than Regime 2 or higher volatility (0.055) in China.53 The time-varying probabilities in Table 6.7b 

suggest a relatively higher likelihood of remaining in the regime of low volatility [𝑝 (𝑠𝑡=1|𝑠𝑡−1=1) =

0.986], compared to regime of high volatility [𝑝 (𝑠𝑡=2|𝑠𝑡−1=2) = 0.954]. The Chinese markets were 

likely to remain in a lower volatility regime, as the expected durations were 72 and 22 trading days 

for Regime 1 and Regime 2, respectively. Furthermore, the regime probabilities, which are plotted to 

estimate the timeline of the first regime, corresponding to the regime of high probability, are then 

compared to the intervention dates (Figure 6.9). The probability of high volatility (Regime 2) was 

noticeable during early 2008 (January 22-February 11 and March 26-31). Furthermore, a substantial 

and prolonged increase occurred later in 2008 (September 19-29, October 6-November 21 and 

December 8-18). Results show that the event period corresponded with the state of high volatility. 

After the end of the intervention, the post-intervention period was characterized by Regime 1, other 

than in the short duration of Regime 2 from December 8 to 18. Furthermore, comparison between the 

DCC estimates and the volatility in market returns of the various regimes, is shown in Table 6.7b. 

Regime 2 was associated with higher correlations between China and US and with higher univariate 

volatility in the Chinese market returns.  

 

Table 6.7a: Markov Regime Switching Model estimates – China 
Variable Coefficient Std. Error z-Statistic 

 

Regime 1 

LOG(SIGMA) -3.731 0.073 -51.281*** 
 

Regime 2 

LOG(SIGMA) -2.891 0.103 -28.053*** 
 

Notes: (1) ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively (2) 

The exponent of LOG (SIGMA) is used to estimate the standard deviation for each regime. 

                                                           
53 The standard deviation is derived as an exponent of log (SIGMA). 
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Table 6.7b: Probabilities and durations – China 
  Regime 1 Regime 2 

                         Constant transition probabilities 

Regime 1 0.986 0.014 

Regime 2 0.046 0.954 

                     Constant expected durations 

  72 22 
Notes: (1) The constant transition probabilities indicate the 

relative likelihood of remaining in each of the regimes (2) The 

constant expected durations depict the number of days each 

regime is projected to last. 
 

 

Unlike the results in China, the market interventions in Russia were ineffective in reducing the 

probability of high volatility after the intervention period. The Russian responses were ad hoc 

(compared to being planned in China) as they did not correspond to the increase in volatility. Table 

6.8a indicates that the implied standard deviation in Regime 1 (0.017) was lower than that in Regime 

1 (0.072). The time-varying probabilities in Table 6.8b show a relatively higher likelihood of 

remaining in the regime of low volatility [𝑝 (𝑠𝑡=1|𝑠𝑡−1=1) = 0.993], compared to the regime of high 

volatility [𝑝 (𝑠𝑡=2|𝑠𝑡−1=2) = 0.980]. The expected durations were 153 and 49 trading days for 

Regime 1 and Regime 2, respectively, along with the market facing a prolonged period of market 

turbulence compared to the Chinese market (49 days versus 22 days). Furthermore, the regime 

probabilities are plotted to estimate the timeline of the first regime of high volatility and compare it 

to the intervention dates (Figure 6.10). An isolated spike in high volatility from January 22 to 

February 5 in 2008 is observable, with a level of calm in the proceeding period and a substantial and 

extended spike starting from September 9, 2008. For market interventions to be successful, they have 

to be timed correctly; i.e., they should match the volatility spikes in the market. However, the policy 

measure in Russia suffered from a lag, as the first intervention took place on September 16, a few 

days after the noticeable increase in volatility. Moreover, a substantial increase in probability of high 

volatility is evident past the end of the intervention date of October 11, signifying that the intervention 
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efforts were not substantial enough to calm the volatility. Thus, the policy measures in Russia were 

not substantial and of appropriate duration to counter the prolonged spike in the levels of volatility.  

 

Table 6.8a: Markov Regime Switching Model estimates – Russia 
Variable Coefficient Std. Error z-Statistic 

 

Regime 1 

LOG(SIGMA) -4.096 0.066 -62.470*** 
 

Regime 2 

LOG(SIGMA) -2.628 0.102 -25.850*** 
 

Notes: (1) ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, 

respectively (2) The exponent of LOG (SIGMA) can be used to estimate the standard 

deviation for each regime. 

 
 

 

Table 6.8b: Probabilities and durations – Russia 
  Regime 1 Regime 2 

                          Constant transition probabilities 

Regime 1 0.993 0.007 

Regime 2 0.020 0.980 

                   Constant expected durations 

  153 49 
Notes: (1) The constant transition probabilities indicate the 

relative likelihood of remaining in each of the regimes (2 The 

constant expected durations depict the number of days each 

regime is projected to last. 

 
 

 
Table 6.9: Average DCC and Volatility  

Russia  China  
Regime 1 Regime 2  Regime 1 Regime 2 

DCC 0.3814 0.3836  0.0004 0.0052 

Volatility 0.0279 0.1028  0.0007 0.0010 
 

Notes: (1) The DCC refers to the time-variant dynamic conditional correlation estimates 

for the two regimes by each market index. (2) Volatility refers to the conditional variance 

in the two regimes for each market index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



209 

 

Figure 6.9: Markov Switching Filtered Regime Probabilities - China 
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Figure 6.10: Markov Switching Filtered Regime Probabilities - Russia 
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Note: The probabilities of Regime 2 or high volatility (the red box depicts the intervention period) 

Source: FactSet 
 

 

Note: The probabilities of Regime 2 or high volatility (the red box depicts the intervention period) 

Source: FactSet 
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6.5.4 Comparison between the Chinese and Russian Intervention Results 

 

Despite the decline in market returns in China, the unique market composition of the market 

index allowed the monetary authorities to maintain a tight hold over the domestic market, as reflected 

in subdued volatility in China A index after the end of the intervention period. The interventions 

succeeded in China as they were able to subdue the volatility spikes and improve the market returns. 

The success can be attributed to three factors. First, the Chinese market crisis was the result of the 

“wake-up call” hypothesis, due to the structural imperfections in the domestic market, rather than to 

economic or financial weakness affecting US and the European markets.54 The Chinese policy of 

improving domestic sentiments and removing inefficiencies in investor behavior allowed it to prevent 

further declines in its financial market.  

 

Second, the Chinese government maintained a tight control over the local market, so with the 

dominance of SOEs in the local economy it was able to prevent market and bank runs. Third, despite 

the strong trade relationships between China and the US, the Chinese market was not closely linked 

with the US, as depicted by the conditional correlations. This was instrumental in shielding the 

domestic market from the volatility spillovers or contagion originating from the US market during 

the GFC period. The MRS model results indicate that the turbulence in Russia was much more 

prolonged than that in China, and that the Russian market interventions were timed poorly, compared 

to the Chinese responses, whose timing corresponded with the increase in high volatility in market 

returns. 

 

                                                           
54 The “wake-up call” hypothesis states that a global crisis may prompt investors in an unrelated market to reassess the 

risks in their domestic market. Some studies which support this hypothesis include Masson (1999) and Goldstein et al. 

(2000). 
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Similar to China, the Russian market fell sharply during the GFC period. The market 

experienced high conditional correlations with the US, despite weak economic linkages between the 

two countries. The market interventions in Russia failed to stem the decline in AR for three main 

reasons. First, the Russian interventions seemed to be ad hoc and lacked the correct timing and 

intensity since the probability of a high-volatility regime continued after the end of the intervention 

period. Second, the Russian crisis was a byproduct of structural deficiencies in the economy attributed 

to their reliance on the oil and resource sector. Unlike the interventions in China, which aimed at 

improving domestic sentiments, the efforts in Russia lacked in this area. Finally, the responses were 

limited to a few measures and were not extensive enough to stem the increase in volatility spikes 

during the post-intervention period. 

 

 

6.6 Conclusion 

 

In this study, we examine the hypothesis that market linkages reduce the effectiveness of market 

intervention policies during times of market crisis. The hypothesis is tested by contrasting the events 

in Russia and China during the GFC period. The two markets are selected to isolate the effects of 

trade relationships, as China reported greater economic linkages with the US, compared to those 

between Russia and the US. The market interventions were successful in reviving the abnormal 

returns in China but failed to do so in Russia. Furthermore, the time-varying correlations using a 

DCC-GARCH(1,1) model show that, unlike the Russian market, the Chinese markets did not exhibit 

strong or increasing correlations during the pre-intervention period. These results are validated by 

estimating the determinants of abnormal returns using variables such as conditional correlation and 
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volatility. Lastly, the MRS model results suggest that the market interventions in Russia were ad hoc, 

not planned as in China, since they failed to curb the volatility spikes after the interventions. In 

contrast, the interventions in China corresponded with the spikes in volatility and were thus 

successful in reducing volatility after the intervention period.  

 

The Chinese market crash can be attributed to ongoing market mispricing and is related to 

endogenous factors, where the domestic investors critically evaluated the domestic economic 

fundamentals by temporarily selling the market, i.e., as a result of the “wake-up call hypothesis.” In 

contrast, the Russian crash was due to the structural weakness in the economy and its heavy reliance 

on energy production, and on the limited availability of external debt and equity, compared to 

developed markets (Anzoategui et al., 2012). For example, approximately 80% of the Russian stock 

market capitalization came from enterprises in the commodity sector, and a significant proportion of 

stock ownership was in the hands of foreigners.55 The commodity price collapse struck the 

commodity sector, and the significant foreign ownership of equity markets led to a rapid outflow of 

capital (World Bank, 2008).  

 

The underlying factor behind the success of the Chinese interventions was the significantly low 

levels of correlations between the Chinese and US equity markets, due to the tight state control. The 

Chinese government had a stronger hold on the economy due to the prevalence of the SOEs and its 

capital and currency exchange control mechanisms. Moreover, the authorities were able to exert 

tighter control over investor behavior due to the classification of A and B shares, as well as a relatively 

higher proportion of private enterprises under state control (Hussain and Li, 2015). China was able 

to plan and execute the interventions better than Russia and did not experience the levels of volatility 

                                                           
55 Source: http://www.nytimes.com/2008/09/06/business/worldbusiness/06ruble.html, retrieved on Jan 18, 2017. 

http://www.nytimes.com/2008/09/06/business/worldbusiness/06ruble.html
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spillover encountered by the Russian markets during the crisis period. Given that the Chinese 

interventions were aimed at improving domestic fundamentals and structural impediments to 

investment, they were successful in stemming the decline in market returns. Another factor which 

assisted in shortening the crisis event in China was that foreign investors moved their investments 

from the US to the “safer” markets in China. 

 

On the contrary, the Russian interventions were ad hoc and lacked the intensity to prevent the 

prolonged spikes in volatility transmission from the US, due to the higher sensitivity of Russian 

markets to other markets, compared to China. Given the greater linkages between the Russian and 

US markets and the structural dependencies on the resources market, the local interventions also 

suffered from international policy coordination. For an intervention to be effective, it has to convey 

a positive signal to the market participants (Cheng et al., 2000). Our study shows that the global 

financial markets continue to integrate and to pose challenges of contagion to policymakers during 

times of crisis. Localized domestic policy responses are not only ineffective but can be 

counterproductive, by increasing volatility spillovers to other markets. To deal with such dynamic 

changes in financial networks, a well-coordinated international monetary and intervention policy is 

warranted. 
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Chapter 7: Conclusion 
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7.1 Summary 

 

This research, which examines the extent of financial integration across regions and market 

cycles, explains how culture affects market linkages and how linkages impact the effectiveness of 

policy interventions in four separate but interrelated studies. The main question asked is: How have 

linkages between financial markets evolved and impacted the effectiveness of intervention policies 

during the market crisis events? Other sub-questions include: (a) Are stock markets linked regionally 

or globally, and are they characterized by short-run linkages or long-run stochastic trends? (b) Are 

market linkages shaped by behavioral variables such as culture? (c) How do market linkages affect 

the effectiveness of monetary and regulatory policy during market contagion? The research bridges 

some key gap areas in the literature by measuring market integration, using a comprehensive model 

including behavioral traits to estimate its determinants and finally measuring the impact of linkages 

on the effectiveness of market interventions during crisis periods. The results from the four studies 

provide valuable insights to market practitioners regarding portfolio diversification and arbitrage 

opportunities and to policymakers for better resolution of market crisis events 

 

The study in Chapter 3 investigates global and regional linkages across various market cycles 

using partial correlations to construct financial networks between different market indices. The 

financial networks are then used to test the various hypothesis related to the dynamics of financial 

markets. The study uses returns of 25 stock indices from July 1997 to April 2015. For time-variant 

analysis, four sample periods are used encompassing two recession periods – the early 2000 and the 

2008 GFC events. Partial correlations provide a novel innovation in measuring market linkages by 

overcoming the limitations of the third variable noted using the method of cross-correlations, the 

traditional and widely used method of measuring linkages. The partial correlation estimates are then 
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used to create network clusters using hierarchical filtering or agglomerative clustering methods. The 

results show no trend over time in the average linkages, with several market pairs reporting increased 

positive and negative correlations. The evidence of negative correlations during market crisis events 

indicates the availability of international opportunities during times of market crisis. Also, the 

markets move together during the market crisis, supporting the hypothesis that linkages are time 

variant or likely to change during periods of market crisis. Noticeably, several market pairs indicate 

an increase in network traffic during the market crisis, with the traffic reverting to pre-crisis levels 

after the end of the crisis period, confirming the existence of contagion.  

 

The findings also support the hypothesis that market linkages are likely to display regional 

characteristics. The financial networks in the Americas and Europe are regional in normal and crisis 

periods whereas those in the Asia-Pacific are global during the market crisis and regional otherwise. 

The Americas display strong regional networks, as does Europe, likely due to the existence of 

NAFTA and EU in these regions. The inter-regional comparison depicts strongest linkages between 

Americas and Europe during the GFC, an outcome of interconnected financial institutions between 

the two regions. The study also investigates the role of the large financial centers, such as the US, 

China, Japan and the UK, and their influence on the linkages. The results show that these financial 

centers are more likely to impact regional rather than global markets. Thus, although the findings 

support the hypothesis that prominent financial centers affect regional markets, these centers fail to 

have a significant impact on other global markets. Furthermore, cluster analysis confirms that 

regional or geographic factors are a major influence on market linkages during times of normal 

market activity. However, market crises disrupt these traits, making market linkages global while 

diminishing regional patterns. 
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Chapter 4 furthers the investigation into financial integration by estimating long-run 

cointegration linkages using Engle-Granger methodology. Market returns of 25 stock indices are used 

to construct financial networks using cointegration estimates between market pairs. The linkages are 

visualized using both the weighted and the unweighted networks, with the cointegration estimates 

determining the weight of the networks. The sample period is divided into two broad sets to reflect 

market turbulence, combining the early 2000 and GFC events and periods of regular market activity. 

The results show that, despite the increasing trend towards the globalization of financial markets, 

long-run linkages are not widespread in the financial network. However, similar to the results in 

Chapter 3, the periods of market crisis report higher traffic. None of these large financial markets 

(the US, China, and Japan) except the UK influences long-run financial networks. Thus, the findings 

of the chapter reject the hypothesis that long-term common stochastic trends exist between all 

financial markets. 

 

In Chapter 5, the determinants of market linkages are investigated using a comprehensive 

model incorporating culture variables along with other economic variables. The weekly logarithmic 

returns of 25 stock markets are used to calculate the pairwise stock market correlations using a 

quantile regression model. The use of this quantile regression provides an improvement over the OLS 

method, given that the financial data depicts fat tails. The results indicate that culture variables, as 

measured by Hofstede’s dimensions, religion, and language, are significant determinants of market 

linkages: a smaller cultural distance and a similar religious belief and language increase market 

linkages. Thus, the findings support the hypothesis that culture is a significant determinant of linkages 

between financial markets. Other variables, such as the physical distance between markets, reduce 

ties, while higher trade intensity increases linkages. Regional analysis shows that culture’s influence 

is greater in the Asia-Pacific region than in Europe and the Americas, rejecting the hypothesis that 
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the significance of culture is consistent across regions. Furthermore, the significance of culture 

variables remains intact during times of crisis whereas the culture distance loses its impact during 

periods of calm. The result supports the hypothesis that culture variables such as language and 

religion remain significant determinants of market linkages during times of turmoil and is not affected 

by the increase in volatility during such periods. The model is further used to test if market liquidity 

impacts the determinants of linkages. Results show that the determinants continue to hold their 

significance, even in markets with high trading volume, depicting behavioral biases related to cultural 

proximity amongst investors. Thus, we reject the hypothesis that the significance of culture as a 

determinant of market linkages diminishes in markets with high liquidity.  

 

Finally, Chapter 6 tests the hypothesis that market linkages reduce the effectiveness of market 

intervention policies in Russia and China during the GFC event. The methodology involves three 

steps. First, the effect of market linkages on the effectiveness of policy intervention is measured by 

developing measures of linkages and effectiveness of policy interventions along with several control 

variables. Second, a multiple regression uses a dependent variable and several independent and 

control variables to test if the market linkages impact interventions. Lastly, the MRS model is used 

to provide a robustness test of the international market linkages and the policy intervention 

effectiveness. The results show that the market interventions in China succeeded in reviving the 

abnormal returns but failed in Russia. The Chinese interventions were able to lower volatility, as 

depicted by conditional volatility and improved market returns, during the post-event period. The 

MRS model confirms that the failure in Russia can be attributed to the ad hoc nature of market 

interventions compared to well-planned interventions in China. The ability to control the rise in 

volatility during times of crisis is positively impacted by how much control the authorities have on the 

market and, more importantly, by how much the domestic market is linked to the source origin of the 
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market crisis. The findings thus support the hypothesis that market linkages impact the effectiveness 

of policy interventions during market crisis events. 

 

 

7.2 Conclusions 

 

This research highlights the changing market networks, shaped by tighter market integration 

due to structural changes in market functioning and in the globalization of global markets. The 

evolution of market networks draws attention to the contagion effect, which has the potential to 

severely disrupt efficiencies in the market, cripple policy decision measures and transmit severe 

negative pressures on economic activities. While these disruptive market patterns are difficult to 

prevent, a deeper understanding of market networks can empower policy decision-makers in dealing 

with these fallouts. The results in Chapters 3 and 4 accept the hypothesis that market linkages are 

regional (H0a) and are time-variant with the evidence of contagion due to volatility transmission 

(H0b). The evidence of negative correlations during periods of crisis rejects the hypothesis that 

portfolio diversification opportunities cease to exist during times of crisis (H0c). Also, financial 

markets of prominence exert a regional rather than a global influence on linkages (H0d). Finally, 

wide-spread cointegration type linkages are absent amongst financial markets (H0e). 

 

The findings in Chapter 5 accept the hypothesis that culture variables such as Hofstede’s culture 

dimensions, religion, and language are significant determinants of market linkages (H0f). Contrary to 

the theoretical implications, the results reject the hypothesis that the significance of behavioral traits 

such as culture diminishes in markets with higher liquidity (H0g). Also, the results that culture exerts 
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greater significance in the Asia-Pacific than in the markets in the Americas and Europe cause 

rejection of the hypothesis that the significance of culture does not differ between regions (H0h). 

Finally, culture remains a significant determinant of market linkages during times of market crisis 

(H0i). 

 

Chapter 6 tests the hypothesis that market linkages impact the effectiveness of market 

intervention policies during the period of market crisis (H0j). Results show that Russia, with its higher 

financial ties with the US, struggled with its market interventions during the GFC. On the contrary, 

China, with strong economic linkages but lower financial ties with the US, was successful in its 

market interventions during the same market crisis. Its lower degree of market ties with the US and 

its unique equity structure, coupled with strong government control, was instrumental in China’s 

success. Thus, we accept the hypothesis that market linkages adversely impact the effectiveness of 

intervention policies during periods of market crises. 

 

 

7.3 Recommendations for Future Research and Policy Implications 

 

Several lessons can be learned from the implication of market interventions in light of tighter 

market linkages. The changing landscapes in global equity markets which, due to globalization, 

produce unique risks, are difficult to evaluate using conventional frameworks, and challenge 

conventional monetary policies. Evidence shows that the rapid changes in the market networks, 

which are due to the transmission of volatility from foreign sources during equity market crashes, 

require unconventional policy responses. The standard monetary responses such as changes in real 
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interest rates are not sufficient, as they take longer to filter in and they use rigid monetary, regulatory 

frameworks that ignore global and regional linkages (IMF, 2013a). Another issue of concern is that 

relying solely on market prices to decide on market intervention does not take into account the 

endogeneity of prices to policy actions (Bond and Goldstein, 2015).  The policymakers need to take 

into account the endogeneity of market prices when initiating market intervention policies. 

 

A complement to proactive monetary policy is a regulatory framework, which is needed not 

only to address financial reforms but also to provide adequate regulatory supervision. Greenwood et 

al. (2017) put forward several areas that require improvements such as greater capital, liquidity and 

regulatory regulation. Aikins (2009), argues for a “proactive regulatory framework” encompassing a 

co-operative spirit between markets and policymakers ensuring co-ordinative efforts in dealing with 

the impacts of increasing financial globalization and crisis events. For example, although market 

prices are likely to be closely monitored by policymakers, any interventions need to be accompanied 

by higher levels of banking supervision due to the increase in institutional linkages across global 

markets (Evanoff and Wall, 2004). The need for global supervision of capital is vital, especially in 

the smaller markets, as they become more financially developed and increasingly linked to other 

markets. These smaller markets are likely to face increasing stress in their ability to enact strong 

enough measures to deal with volatility transmissions from other markets and prevent rapid outflow 

of capital. 

 

Increased monetary policy coordination between governments on a global scale is warranted to 

address the dynamics in market networks during times of crisis. For an intervention to be effective, 

it has to convey a positive signal to the market participants. The findings of this research show that 

the global financial markets continue to integrate and to pose challenges to policymakers of contagion 
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during times of crisis. Despite the concerns regarding the disruption to market efficiency, any future 

market crisis is likely to be characterized by extraordinary government interventions. However, these 

measures need to transcend geographic boundaries. Monetary and intervention policies that are 

domestic or local in focus are not only ineffective but can be counterproductive by increasing 

volatility spillovers to other markets. Mohan and Kapur (2014) find that unconventional monetary 

responses, as evident during the GFC, led to substantial volatility spillovers due to volatile flows in 

capital and exchange reserves. These responses although were accompanied with some coordination 

between the US and advanced economies were reactions to the rapid decline of liquidity and lacked 

similar cooperation with the emerging markets. Buiter (2014) concludes that policy reactions in 

advanced markets such as the US are likely to have a substantial global impact and requires a global 

approach to such measures. Thus, to deal with dynamic changes in financial networks and the 

increased reliance on unconventional policy measures, a well-coordinated international monetary 

intervention policy is warranted.  

 

There are several recommendations for future research. First, an area of immense interest is the 

changing demographics of several countries, with the increase in immigrant populations in Europe 

and the US, and how this impacts the significance of culture as a determinant of market linkages. 

This can have a bearing on the definition of culture, as defined by Hofstede’s culture dimensions. 

Changing adherence to religion and cultural traits by the younger segment of the population is likely 

to distort the cultural identity and change how culture is defined. Perhaps a measure that can capture 

the changing demographics is required. Second, the measures of market linkages can be expanded to 

include price-based measures such as beta convergence when constructing financial networks. This 

can add robustness to the construction of financial networks.  
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Third, the data can be expanded to study recent crisis events, to observe if the market linkages 

have increased over time or whether they continue to experience contagion effects with increased 

volatility during periods of market crisis. Although this research studies the early 2000 and the 2008 

GFC events, recent crisis events such as the European sovereign debt crisis, which originated at the 

end of 2009 can be explored to observe how the financial networks evolved in the European markets, 

which display strong regional linkages. In particular, the 2015-2015 market crisis in the Chinese stock 

markets can be used to compare the effectiveness of Chinese interventions over two periods of market 

crisis. This is an important area of policy concern, as the role of China as a regional and global 

economic power is rapidly increasing, leading to fears of volatility spillovers through channels such 

as trade and commodity markets (Shu et al. 2015; Arslanalp et al., 2016). Also, the liberalization of 

controls on the economy may also pose challenges to the Chinese authorities in stemming such 

market collapses. 

 

Finally, although the research limits its scope to the equity markets, the role of bond markets 

needs to be studied, as it impacts global financial networks. In particular, this area of research requires 

further investigation, as the linkages in global bond markets, especially between Asia and the US, 

continue to rise (Arslanalp et al., 2016). Such insights can also add to the efforts to strengthen global 

policy coordination efforts.  
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Appendix A 
 

Table A.1: Americas   
Period 1 Period 2  

AR BR CA MX US AR BR CA MX US 

AR 1.00 0.36 -0.04 0.34 -0.06 1.00 0.33 -0.36 0.37 0.09 

BR  1.00 -0.07 0.27 0.12  1.00 0.15 0.19 -0.38 

CA   1.00 -0.08 0.54   1.00 0.21 0.41 

MX    1.00 0.28    1.00 0.18 

US     1.00     1.00 

Avg. 0.17 0.12  
Period 3 Period 4 

AR 1.00 0.04 0.08 0.10 0.01 1.00 0.47 0.18 -0.11 -0.40 

BR  1.00 0.17 0.21 0.18  1.00 0.21 0.34 0.16 

CA   1.00 -0.05 0.36   1.00 0.18 0.41 

MX    1.00 0.27    1.00 0.18 

US     1.00     1.00 

Avg. 0.14 0.16  
Period 5 

AR 1.00 0.13 -0.01 0.03 0.11      

BR  1.00 0.11 0.25 0.01    

CA   1.00 -0.02 0.24      

MX    1.00 0.25      

US     1.00      

Avg. 0.11 

 

  



260 

 

Table A.2: Asia-Pacific  
Period 1 Period 2 

   AU CN HK IN JP NZ SG ID MY KR AU CN HK IN JP NZ SG ID MY KR 

AU 1.00 0.00 0.13 0.05 -0.05 0.06 0.18 0.02 0.28 -0.01 1.00 -0.54 -0.37 -0.24 -0.24 0.32 0.55 -0.48 0.44 0.41 

CN  1.00 0.34 0.07 -0.04 0.10 0.10 0.18 0.00 0.08  1.00 -0.12 -0.30 -0.24 0.27 0.55 -0.48 0.45 0.16 

HK   1.00 -0.02 0.10 -0.04 0.03 -0.04 0.03 0.37   1.00 -0.17 -0.41 0.37 0.38 0.05 0.36 0.30 

IN     1.00 0.10 -0.08 0.10 -0.01 0.00 0.01    1.00 0.05 -0.10 0.31 -0.48 0.34 0.52 

JP         1.00 0.06 0.05 0.20 0.04 0.19     1.00 0.38 0.05 0.17 -0.03 0.22 

NZ           1.00 0.17 0.04 -0.01 0.05      1.00 -0.01 -0.17 -0.20 0.07 

SG             1.00 -0.05 0.02 0.12       1.00 0.40 -0.52 -0.08 

ID               1.00 0.15 0.19        1.00 0.36 0.39 

MY                 1.00 -0.02         1.00 0.03 

KR                   1.00          1.00 

Avg. 0.07 0.06  
Period 3 Period 4 

AU 1.00 0.18 -0.05 -0.09 0.00 0.16 0.10 0.02 0.29 0.11 1.00 0.05 0.20 0.02 0.16 0.16 0.24 -0.11 0.27 -0.13 

CN  1.00 0.62 0.14 0.02 0.08 0.10 0.07 -0.10 0.08   1.00 0.27 0.25 0.14 0.12 0.03 -0.02 0.20 0.39 

HK   1.00 0.00 0.07 -0.03 0.02 0.09 -0.01 0.20     1.00 0.15 -0.01 0.15 -0.02 0.03 -0.02 0.30 

IN     1.00 0.08 0.03 0.02 -0.01 0.06 0.03       1.00 0.03 -0.24 0.01 0.25 -0.23 0.04 

JP     1.00 -0.02 0.14 0.10 0.10 0.07         1.00 -0.01 -0.30 0.52 -0.14 -0.12 

NZ      1.00 0.20 0.01 0.05 0.11           1.00 0.15 0.15 -0.14 0.07 

SG       1.00 0.00 -0.09 0.14             1.00 0.17 -0.04 0.12 

ID        1.00 0.05 0.30               1.00 0.24 0.17 

MY         1.00 0.04                 1.00 -0.18 

KR          1.00                   1.00 

Avg. 0.08 0.07 

Period 5 

AU 1.00 0.08 -0.07 -0.02 0.04 0.00 0.16 0.03 0.23 0.18 

CN  1.00 0.67 0.10 -0.09 0.05 0.20 0.07 -0.07 -0.01 

HK   1.00 0.03 0.08 0.05 -0.04 0.00 0.09 0.32 

IN     1.00 0.15 0.03 0.06 -0.05 0.01 0.16 

JP         1.00 -0.01 0.15 0.23 -0.03 0.11 

NZ           1.00 0.14 -0.02 0.18 0.08 

SG             1.00 0.06 -0.06 0.10 

ID               1.00 0.11 0.20 

MY                 1.00 0.00 

KR                   1.00 

Avg. .08 
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Table A.3: Europe  
Period 1 Period 2 

  DN FN GM GR IT NO RU SW SZ UK DN FN GM GR IT NO RU SW SZ UK 

DN 1.00 -0.10 0.12 0.00 0.15 0.15 -0.05 0.10 0.02 0.18 1.00 0.35 -0.02 -0.33 -0.10 0.44 0.02 -0.10 0.08 -0.17 

FN  1.00 0.29 0.01 0.25 -0.08 -0.04 0.24 0.20 0.18  1.00 0.48 0.23 -0.08 0.14 -0.05 0.16 0.40 0.56 

GM   1.00 0.03 0.11 -0.04 0.18 0.24 0.27 0.01   1.00 0.18 0.72 -0.59 0.41 0.33 -0.61 -0.05 

GR    1.00 0.08 0.10 0.00 0.02 0.03 -0.04    1.00 -0.32 0.34 -0.20 -0.19 0.31 -0.06 

IT     1.00 0.10 0.08 0.13 0.06 0.02     1.00 0.68 -0.51 -0.45 0.74 0.00 

NO      1.00 0.15 0.18 0.18 -0.03      1.00 0.53 0.27 -0.53 -0.05 

RU       1.00 -0.02 0.00 0.15       1.00 -0.33 0.26 0.01 

SW        1.00 -0.15 0.02        1.00 0.29 -0.13 

SZ         1.00 0.27         1.00 -0.06 

UK          1.00          1.00 

Avg. 0.08 0.06  
Period 3 Period 4 

DN 1.00 0.07 -0.01 0.05 -0.08 0.13 -0.01 0.33 0.14 0.05 1.00 0.04 -0.09 0.30 0.17 0.31 0.03 0.05 0.51 -0.12 

FN  1.00 0.39 -0.01 0.37 0.04 -0.06 0.11 0.20 0.30  1.00 0.57 -0.21 0.20 -0.26 -0.16 0.45 -0.07 0.53 

GM   1.00 0.12 0.11 0.06 -0.07 0.27 0.11 -0.06   1.00 0.26 0.15 0.07 0.23 -0.14 0.10 -0.04 

GR    1.00 -0.01 0.07 0.03 0.07 0.01 0.06    1.00 0.01 -0.36 0.28 0.14 -0.20 0.20 

IT     1.00 -0.08 0.01 0.04 0.05 0.18       1.00 -0.02 -0.23 -0.08 0.01 0.06 

NO      1.00 0.19 0.11 -0.03 0.17        1.00 0.21 0.21 -0.42 0.53 

RU       1.00 0.03 0.01 0.12         1.00 -0.01 -0.02 0.01 

SW        1.00 -0.09 -0.01          1.00 0.04 -0.09 

SZ         1.00 0.21           1.00 0.37 

UK          1.00            1.00 

Avg. 0.08 0.08 

Period 5 

DN 1.00 0.10 0.08 0.15 -0.08 0.15 -0.07 0.15 0.21 -0.02 

FN  1.00 0.48 0.00 0.60 0.00 -0.03 0.09 0.05 0.24 

GM   1.00 -0.09 -0.01 -0.06 0.15 -0.02 0.23 0.07 

GR    1.00 0.21 -0.03 0.05 -0.02 -0.05 0.03 

IT     1.00 0.06 -0.05 -0.05 0.04 -0.11 

NO      1.00 0.24 -0.03 0.06 0.21 

RU       1.00 -0.09 0.02 0.01 

SW        1.00 0.11 0.20 

SZ         1.00 0.14 

UK          1.00 

Avg. 0.07 
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Table A.4:  Log LR test (Period 1)56 
Node 1-Node2 Partial Cor. Estimates Log LR p-value 

CA-US 0.5379 -36.7133 <.0001 

HK-SG 0.3654 -15.4030 <.0001 

AR-BR 0.3560 -14.5694 <.0001 

CN-HK 0.3440 -13.5366 <.0001 

AR-MX 0.3382 -13.0605 <.0001 

FN-GM 0.2859 -9.1664 <.0001 

MX-US 0.2849 -9.0994 <.0001 

AU-NZ 0.2832 -8.9859 <.0001 

GM-SZ 0.2711 -8.2040 0.0001 

SZ-UK 0.2682 -8.0233 0.0002 

BR-MX 0.2652 -7.8380 0.0002 

FN-IT 0.2466 -6.7442 0.0005 

FN-SW 0.2384 -6.2910 0.0008 

GM-SW 0.2357 -6.1435 0.0010 

FN-SZ 0.2049 -4.6118 0.0043 

ID-MY 0.2029 -4.5209 0.0046 

US-UK 0.1936 -4.1049 0.0070 

ID-SG 0.1927 -4.0671 0.0073 

MY-SG 0.1882 -3.8760 0.0088 

FN-UK 0.1840 -3.7042 0.0104 

AU-RU -0.1820 -3.6198 0.0113 

AU-KR 0.1817 -3.6075 0.0115 

DN-UK 0.1803 -3.5538 0.0121 

NO-SW 0.1790 -3.5010 0.0127 

BR-JP 0.1778 -3.4540 0.0134 

GM-RU 0.1767 -3.4103 0.0140 

NO-SZ 0.1763 -3.3949 0.0142 

CN-MY 0.1761 -3.3862 0.0143 

JP-KR 0.1653 -2.9798 0.0216 

MX-AU 0.1629 -2.8900 0.0236 

MX-MY 0.1600 -2.7887 0.0262 

US-IN -0.1592 -2.7593 0.0270 

CA-SW 0.1558 -2.6432 0.0304 

RU-UK 0.1543 -2.5905 0.0321 

DN-IT 0.1530 -2.5461 0.0337 

HK-UK 0.1483 -2.3894 0.0396 

SW-SZ -0.1476 -2.3679 0.0405 

MY-NZ 0.1476 -2.3665 0.0406 

DN-NO 0.1473 -2.3587 0.0409 

NO-RU 0.1460 -2.3150 0.0428 

BR-RU 0.1457 -2.3061 0.0432 

HK-GM 0.1454 -2.2972 0.0436 

NZ-FN -0.1438 -2.2448 0.0461 
 

 

 
  

                                                           
56 Only the market pairs significant at 5% levels are reported. 



263 

 

Table A.5:  Log LR test (Period 2) 
Node 1-Node 2 Partial cor. estimates Log LR p-value 

IT-SZ 0.7381 -14.9532 0.0011 

GM-IT 0.7231 -14.0570 0.0016 

IT-NO 0.6813 -11.8532 0.0037 

ID-IT -0.6693 -11.2900 0.0046 

HK-SZ 0.6327 -9.7138 0.0085 

KR-GR 0.6209 -9.2534 0.0103 

AU-IT -0.6110 -8.8807 0.0119 

GM-SZ -0.6071 -8.7346 0.0126 

HK-GM 0.6068 -8.7233 0.0127 

GM-NO -0.5859 -7.9900 0.0171 

JP-SZ -0.5816 -7.8441 0.0181 

AU-SZ 0.5808 -7.8190 0.0183 

HK-NO 0.5738 -7.5892 0.0201 

CN-IT -0.5585 -7.1025 0.0245 

FN-UK 0.5566 -7.0440 0.0251 

AU-KR 0.5542 -6.9701 0.0259 

CN-KR 0.5540 -6.9644 0.0260 

ID-GM 0.5489 -6.8123 0.0277 

CN-GM 0.5429 -6.6332 0.0298 

AU-CN -0.5406 -6.5665 0.0306 

JP-IT 0.5346 -6.3948 0.0329 

AU-NO 0.5294 -6.2495 0.0349 

AR-NO 0.5285 -6.2239 0.0353 

NO-SZ -0.5276 -6.1996 0.0357 

CN-SZ 0.5276 -6.1972 0.0357 

NO-RU 0.5269 -6.1785 0.0360 

IN-SG 0.5240 -6.0987 0.0372 

KR-NZ -0.5189 -5.9613 0.0394 

JP-NO -0.5181 -5.9377 0.0398 

HK-IT -0.5170 -5.9104 0.0403 

AU-GR -0.5137 -5.8200 0.0418 

AU-RU -0.5115 -5.7642 0.0428 

MX-NO -0.5101 -5.7254 0.0435 

IT-RU -0.5081 -5.6748 0.0445 

MX-IT 0.5047 -5.5865 0.0462 

MX-GR 0.5044 -5.5792 0.0463 

ID-SZ 0.5041 -5.5695 0.0465 
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Table A.6:  Log LR test (Period 3) 
Node 1-Node 2 Partial cor. estimates Log LR p-value 

CN-HK 0.6176 -74.6943 <.0001 

FN-GM 0.3938 -26.2024 <.0001 

FN-IT 0.3670 -22.4904 <.0001 

CA-US 0.3646 -22.1801 <.0001 

DN-SW 0.3272 -17.6065 <.0001 

MY-SG 0.3011 -14.7777 <.0001 

FN-UK 0.2984 -14.5041 <.0001 

AU-NZ 0.2882 -13.4810 <.0001 

CA-NO 0.2787 -12.5688 <.0001 

GM-SW 0.2731 -12.0535 <.0001 

MX-US 0.2707 -11.8368 <.0001 

US-SZ 0.2451 -9.6344 <.0001 

AR-RU 0.2214 -7.8152 0.0001 

SZ-UK 0.2088 -6.9313 0.0004 

BR-MX 0.2078 -6.8654 0.0004 

JP-KR 0.2048 -6.6616 0.0005 

FN-SZ 0.1991 -6.2915 0.0007 

HK-SG 0.1987 -6.2609 0.0007 

US-DN -0.1974 -6.1816 0.0007 

NO-RU 0.1934 -5.9305 0.0009 

US-GM 0.1903 -5.7387 0.0011 

BR-US 0.1804 -5.1459 0.0021 

IT-UK 0.1795 -5.0908 0.0022 

US-NO -0.1790 -5.0638 0.0023 

AU-CN 0.1768 -4.9363 0.0026 

AU-GM -0.1765 -4.9194 0.0026 

US-UK 0.1747 -4.8176 0.0029 

ID-IT 0.1716 -4.6489 0.0034 

BR-CA 0.1708 -4.6057 0.0036 

US-HK 0.1695 -4.5335 0.0039 

NO-UK 0.1666 -4.3757 0.0045 

MX-MY 0.1654 -4.3135 0.0048 

AU-JP 0.1620 -4.1364 0.0058 

AU-DN 0.1592 -3.9910 0.0067 

US-CN -0.1525 -3.6590 0.0094 

SG-UK 0.1506 -3.5682 0.0103 

HK-SW 0.1448 -3.2937 0.0138 

NZ-GR -0.1443 -3.2727 0.0141 

BR-SZ -0.1441 -3.2633 0.0142 

CN-IN 0.1374 -2.9625 0.0195 

BR-IT -0.1368 -2.9383 0.0200 

AR-AU 0.1360 -2.9042 0.0207 

DN-SZ 0.1359 -2.8971 0.0209 

ID-KR 0.1358 -2.8936 0.0209 

KR-SG 0.1351 -2.8653 0.0216 

BR-RU 0.1350 -2.8594 0.0217 

BR-CN 0.1342 -2.8251 0.0225 

DN-NO 0.1319 -2.7283 0.0250 

IN-GR 0.1296 -2.6344 0.0276 

KR-GM 0.1283 -2.5800 0.0292 

NZ-SW -0.1261 -2.4927 0.0321 

MX-RU 0.1225 -2.3531 0.0373 

AU-IT 0.1219 -2.3290 0.0383 

GM-GR 0.1211 -2.2960 0.0397 
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RU-UK 0.1196 -2.2407 0.0422 

AR-SZ -0.1193 -2.2299 0.0427 

CA-DN 0.1181 -2.1852 0.0448 

NZ-GM 0.1174 -2.1575 0.0462 

AR-IN 0.1170 -2.1428 0.0469 
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Table A.7:  Log LR test (Period 4) 
Node 1-Node 2 Partial cor. estimates Log LR p-value 

FN-GM 0.5712 -15.7991 <.0001 

FN-UK 0.5311 -13.2557 <.0001 

NO-UK 0.5272 -13.0231 <.0001 

ID-MY 0.5153 -12.3420 <.0001 

DN-SZ 0.5102 -12.0584 <.0001 

SG-GR 0.4919 -11.0787 <.0001 

CA-NO 0.4852 -10.7395 0.0001 

AR-BR 0.4660 -9.7938 0.0002 

AR-SG 0.4504 -9.0679 0.0004 

FN-SW 0.4478 -8.9527 0.0004 

MX-NO -0.4466 -8.8965 0.0004 

AR-DN 0.4220 -7.8443 0.0010 

NO-SZ -0.4211 -7.8091 0.0010 

ID-NO 0.4106 -7.3850 0.0014 

SG-GM -0.4106 -7.3837 0.0014 

CA-US 0.4079 -7.2806 0.0015 

AR-US -0.3986 -6.9224 0.0019 

US-GM 0.3972 -6.8678 0.0020 

SG-NO 0.3935 -6.7305 0.0022 

CN-SG 0.3895 -6.5807 0.0025 

MX-SG 0.3846 -6.4019 0.0029 

MX-FN -0.3690 -5.8552 0.0044 

SZ-UK 0.3655 -5.7366 0.0048 

CN-GM 0.3631 -5.6541 0.0051 

BR-SG -0.3606 -5.5728 0.0054 

GR-NO -0.3596 -5.5391 0.0056 

ID-UK -0.3530 -5.3225 0.0066 

BR-CN 0.3444 -5.0510 0.0081 

BR-MX 0.3404 -4.9249 0.0089 

AR-GR -0.3374 -4.8341 0.0096 

NZ-GR 0.3336 -4.7190 0.0105 

MY-NO -0.3252 -4.4697 0.0128 

MX-SW 0.3221 -4.3808 0.0137 

AR-MY -0.3136 -4.1401 0.0165 

AR-GM 0.3121 -4.0999 0.0171 

DN-NO 0.3092 -4.0190 0.0182 

MY-FN -0.3079 -3.9842 0.0187 

CN-FN -0.3071 -3.9612 0.0191 

SG-FN 0.3062 -3.9384 0.0194 

DN-GR 0.3045 -3.8928 0.0201 

AR-ID 0.3042 -3.8838 0.0203 

ID-KR -0.3035 -3.8651 0.0206 

HK-SG 0.2983 -3.7281 0.0229 

US-JP 0.2960 -3.6683 0.0241 

US-SG 0.2939 -3.6133 0.0251 

MX-GR -0.2937 -3.6092 0.0252 

US-MY -0.2937 -3.6091 0.0252 

NZ-FN 0.2929 -3.5887 0.0256 

AR-FN -0.2921 -3.5672 0.0261 

BR-GR 0.2911 -3.5407 0.0267 

JP-IT 0.2899 -3.5106 0.0273 

NZ-NO 0.2874 -3.4491 0.0287 

ID-FN 0.2843 -3.3714 0.0305 

CN-GR -0.2838 -3.3596 0.0308 



267 

 

NZ-SW -0.2825 -3.3270 0.0317 

MX-MY -0.2820 -3.3140 0.0320 

GR-RU 0.2814 -3.3005 0.0323 

CA-NZ -0.2774 -3.2020 0.0350 

CN-HK 0.2744 -3.1312 0.0371 

CA-FN 0.2716 -3.0644 0.0392 

AU-NZ 0.2689 -3.0011 0.0413 

MX-ID 0.2641 -2.8926 0.0451 

FN-FN -0.2633 -2.8746 0.0458 

GM-GR 0.2633 -2.8737 0.0458 

NZ-SZ 0.2619 -2.8413 0.0471 

CN-UK 0.2598 -2.7959 0.0489 

MY-GR -0.2587 -2.7701 0.0499 
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Table A.8:  Log LR test (Period 5) 
Node 1-Node 2 Partial cor. estimates Log LR p-value 

CN-HK 0.6744 -97.0589 <.0001 

FN-IT 0.6019 -71.9846 <.0001 

FN-GM 0.4835 -42.5951 <.0001 

HK-SG 0.3180 -17.0566 <.0001 

CA-NO 0.2614 -11.3264 <.0001 

MX-US 0.2488 -10.2208 <.0001 

BR-MX 0.2468 -10.0520 <.0001 

FN-UK 0.2434 -9.7730 <.0001 

NO-RU 0.2372 -9.2632 <.0001 

CA-US 0.2366 -9.2209 <.0001 

GM-SZ 0.2322 -8.8682 <.0001 

ID-MY 0.2315 -8.8127 <.0001 

US-UK 0.2290 -8.6200 <.0001 

AU-NZ 0.2250 -8.3139 <.0001 

AU-UK 0.2183 -7.8148 0.0001 

NO-UK 0.2136 -7.4701 0.0002 

GR-IT 0.2117 -7.3354 0.0002 

DN-SZ 0.2070 -7.0041 0.0003 

SW-UK 0.2016 -6.6402 0.0005 

MY-SG 0.1966 -6.3081 0.0006 

CA-AU 0.1964 -6.2949 0.0007 

CN-KR 0.1962 -6.2815 0.0007 

BR-RU 0.1957 -6.2495 0.0007 

HK-UK 0.1927 -6.0546 0.0008 

AR-NZ -0.1866 -5.6686 0.0012 

AU-SW 0.1853 -5.5898 0.0013 

AU-SG 0.1846 -5.5482 0.0014 

JP-NZ 0.1765 -5.0619 0.0022 

BR-JP -0.1705 -4.7217 0.0031 

AU-KR 0.1580 -4.0469 0.0063 

IN-SG 0.1565 -3.9677 0.0068 

NZ-FN 0.1529 -3.7825 0.0082 

DN-NO 0.1527 -3.7760 0.0083 

DN-GR 0.1515 -3.7128 0.0088 

IN-ID 0.1469 -3.4891 0.0111 

GM-RU 0.1460 -3.4493 0.0116 

DN-SW 0.1459 -3.4420 0.0117 

ID-KR 0.1452 -3.4073 0.0121 

MX-MY 0.1445 -3.3773 0.0125 

SZ-UK 0.1441 -3.3587 0.0128 

BR-UK 0.1400 -3.1660 0.0156 

BR-AU -0.1381 -3.0831 0.0170 

JP-KR 0.1377 -3.0638 0.0174 

AU-GM -0.1358 -2.9760 0.0191 

BR-CN 0.1313 -2.7839 0.0234 

JP-SW 0.1312 -2.7770 0.0235 

AR-BR 0.1280 -2.6427 0.0272 

SG-UK -0.1277 -2.6294 0.0275 

KR-SZ 0.1252 -2.5282 0.0307 

MY-RU 0.1249 -2.5151 0.0311 

BR-KR 0.1245 -2.4986 0.0317 

US-DN -0.1231 -2.4444 0.0336 

MX-CN 0.1195 -2.3021 0.0392 

US-JP 0.1181 -2.2484 0.0416 
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US-NO 0.1158 -2.1585 0.0459 

SG-GM 0.1149 -2.1270 0.0475 

CA-CN 0.1143 -2.1038 0.0487 
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Appendix B  
 

Figure B1: Quantile distribution (Americas) 
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Figure B2: Quantile distribution (Europe) 
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Figure B3: Quantile distribution (Asia-Pacific) 
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Figure B4: Market returns (Americas) 
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Figure B5: Market returns (Asia-Pacific) 
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Figure B6: Market returns (Europe) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



276 

 

Figure B7: Quantile process estimates 
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Note: KS is significant at q10, q15, q25, q50, q55, q60, q65, q70, q75, q80, q85, q90, q95. REL is significant at all quantiles. LANG is significant 

at all quantiles 

DIS and REG are significant at all quantiles. RIT is significant at all quantiles except q05. GDP is significant at quantiles q85, q90 and q95. LEG 

is significant at all quantiles except q05 and q10. LEGCT and LEG are significant at qq15, q20, q25, q30, q35, q40, q45, q50, q55, q60, q65, q70, 

q75, q80, q85, q90, q95. 
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Appendix C  
 

 
                      Source: FactSet 

 
 

 
                     Source: FactSet 
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Figure C1: Chinese market returns
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Figure C2: Russian market returns
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            Note: Trade includes exports and imports (not seasonally adjusted) 

           Source: The US Census Bureau 
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Table C.1: Descriptive statistics 
China  Russia 

  Full-sample Pre-event Event Post-event  Full-sample Pre-event Event Post-event 

 Mean -0.0017 -0.0013 -0.0014 0.0011  -0.0015 0.0009 -0.0185 -0.0005 

 Median -0.0003 0.0001 -0.0011 0.0000  -0.0004 0.0013 -0.0240 0.0001 

 Maximum 0.1492 0.1001 0.1492 0.0860  0.2695 0.0464 0.2695 0.2208 

 Minimum -0.1581 -0.1581 -0.1193 -0.0613  -0.2164 -0.0942 -0.2164 -0.1819 

 Std. Dev. 0.0346 0.0294 0.0653 0.0317  0.0382 0.0167 0.0987 0.0693 

 Skewness 0.1827 -0.5490 0.4552 0.0889  0.5746 -0.6321 0.8857 0.3625 

 Kurtosis 6.1295 7.1332 2.7853 2.5857  16.7834 6.7014 5.3302 4.2517 

 Jarque-Bera 144.3561*** 145.5461*** 1.3852 0.5082  3148.5200*** 166.3753*** 7.1393** 4.9692* 

 Observations 349 191 38 60  395 261 20 57 

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

 
 
 
 
Table C.2: Sensitivity to global markets (β) 

 Russia China 

Pre-event 1.1877 0.7167 

Event 2.1931 1.3291 

Post-event 1.3337 0.4551 

Note: The β depicts the sensitivity of the MSCI Russia and 

MSCI China indices to the MSCI World index for each 

period. 




