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Abstract 

This study consists of three essays of causal relations between international financial 

markets. The first essay investigates the impact stock exchange mergers on indices 

co-movement and international portfolio management. The long run cointegration and 

causal relations between a group Nordic and Baltic stock Exchanges (Norway, 

Denmark, Sweden, Finland, Estonia, Latvia and Lithuania) that composed the OMX 

and NASDAQ stock exchange are tested. Employing GARCH model to test the 

heteroskedastic cointegration between these indexes during 2003 to 2012, I find that 

the integration of Nordic and Baltic stock markets increased due to the merger. Based 

on the linear and nonlinear causality test, the results show that the NASDAQ index 

has a stronger predictive power on OMX indexes after the merger.  

The second essay explores the causal relations oil markets and financial markets. 

Using daily data of WTI crude oil prices and Shanghai Stock Exchange index for a 

period from January 1, 2001, to November 2, 2015, I propose a two-step nonlinear 

quantile causality test approach to investigate the bidirectional relationship between 

oil price return and China’s stock price return. This study provide some evidence of 

the existence of relation between international oil markets and financial markets of 

emerging countries, and suggest that insignificant results in previous studies is due to 

the unsuitable regression models. 

Last essay links international financial network with international trade network. 

Based on the bilateral data from year 2001 to 2011, I construct international trade and 

financial networks, defined as a weighted graph where nodes are countries and edges 

are trade and capital flow linkages, respectively. To get a deeper insight of the 

network characteristics, we adopt turning parameter to combine the node degree and 

strength within the weighted network. And moreover, we construct a new indicator, 

partner quality centrality, to identify the quality of neighbors. Within the panel co-

integration framework, we provide the existence of positive long run equilibrium 

between the trade and financial networks as constructed. In addition, we employ a 

panel causality test to investigate the short run dynamics, indicating that the 

international capital flow network has predictive power on the trade network from the 

short run perspective, but not the vice versa. 

 

Keywords: financial markets; merger of stock exchanges; oil markets; international 

trade network 
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CHAPTER ONE: The Impact of Stock Exchange Merger 

on the Long Run and Causal Relations between Stock 

Markets: The Case of NASDAQ and OMX 

1.1 Introduction 

The globalization process that started several years ago and the fast technological 

advancements in telecommunications and internet are increasing the competition in 

most part of the sectors around the world and, to growth or to survive, some 

companies expanded your activity to other countries based on alliances or mergers. 

The same is happening also with stock exchanges. During the last decade biggest 

stock exchanges start to merger with other stock exchanges around the world. In the 

case of the Euronext merger (2005), the NYSE acquisition of Euronext (2006), the 

OMX merger (2003-2006), the merger between the London Stock Exchange and 

Borsa Italian (2007) and the NASDAQ acquisition of the OMX Nordic stock 

exchange (2007). These improvements in terms of new technologies and the 

possibility of remote access created a favorable environment to invest in other 

markets, diversify portfolios an international level, attract new investors and also 

increase trading volumes (McAndrews and Stefanadis (2002); Noia (2001) and Jain, 

2005).   

Prior studies argue that stock exchange mergers increase competition between 

stock exchanges around the world (Santos and Scheinkman, 2001) and decrease the 

trading cost based on economies of scales (Nielson, 2009, Kokkoris and Olivares-

Caminal, 2008, Pagano, 1989, and Steil, 2001). Amihud and Mendelson (1986), 

Brennan and Subrahmanyam (1996), and Datar, et al. (1986) also argue that the 
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consolidations among stock exchanges have helped the listed firms lower their cost of 

equity financing by improving their stock liquidity, informational environment and 

governance in the secondary market. Hasan, Schmiedel, and Song (2012) provide 

evidence that global exchange merger activities may promote the efficiency of cross-

border capital flows and increased governance standards, and thus have the potential 

to benefit the markets and investors around the world.  

In this investigation, using one of the most medallic stock exchange mergers from 

last years - the merger of NASDAQ with OMX - we explore the impact of stock 

exchange mergers on stock indices comovements. Authors like Rua and Nunes (2009) 

argue that evaluate the comovements between stock markets are extremely important 

to investors so that they can best asses the risk of a portfolios. This analysis is also 

very important for policy makers, because if the stock markets are closely linked, 

shocks and crises can quickly affect these markets (Ali et al, 2011). In this respect, a 

close cooperation between the authorities of integrated markets may be mandatory to 

avoid this situation in the future.  

International portfolio diversification was established in the 1960s and 1970s when 

US and other investors become very active in foreign securities markets (Gilmore and 

McManus, 2002). Grubel (1968) found that investors gain from internationally 

diversified portfolios. After that the benefits of international portfolio diversification
1
 

have received a lot of attention in international finance. International diversification is 

beneficial since it reduces the total risk of the portfolio because securities based in 

different countries should have lower correlations among them as compared to 

national securities. Due to the improvement of new technologies and markets 

                                                             
1
 See also Levy and Sarnat (1970) and Agmon (1972). 
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financial liberalization in last decades, it is actually easier to invest in several markets 

around the world (Gilmore and McManus, 2002), but literature does not explain yet if 

stock exchange mergers have, or not, any impact in this process. Economic agents 

and policy makers only explored, until the moment, whether national markets become 

more integrated and what is the impact in terms of international portfolio 

diversification. However, it is necessary to understand whether stock exchange 

mergers have any impact of terms of portfolios diversification as well.      

According Chowdhry et al. (2007), Kearney and Lucey (2004) and Chen et al. 

(2002) cointegrated stock markets weaken the benefits of international portfolio 

diversification in the long run.Cointegrated assets exhibit significant long-term 

comovements thereby lessening their diversification potential. To maximize long-

term diversification benefits, it is crucial to identify whether assets are independent of 

these significant long-term comovements.  

Authors like Brooks and Del Negro (2004, 2006), King et al. (1994), Longin and 

Solnik(1995, 2001), Lin et al. (1994), Karolyi and Stulz (1996), and Forbes and 

Rigobon (2002) documents that comovement of stock returns is not constant across 

the time. Candelon et al. (2008) complement this information arguing that 

comovement analysis should also take into account the distinction between the short 

and long-term investor, because investors that apply their money in short term periods 

are naturally more interested in the comovement of stock returns at higher frequencies 

(short-term fluctuations) but investor that apply money in long term periods focus 

essentially on the relationship at lower frequencies (long-term fluctuations). A’Hearn 

and Woitek (2001) and Pakko (2004) also inform that is very important to analyze 

comovement considering the frequency level but only a very reduced number of 
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investigations used this analysis (ex. Smith (2001)).  

Hassan and Naka (1996) describes that portfolio diversification benefits would 

continue to accrue in the short run but not in long run and if markets cointegrate, the 

benefits of international diversification might be overstated for investors with long 

term investment horizons. 

Our study contributes to the growing literature that examines the impact of stock 

exchange mergers on markets cointegration analysing the merger of Nordic and Baltic 

stock Exchanges (Norway, Denmark, Sweden, Finland, Estonia, Latvia and 

Lithuania2) - that composed the OMX - with NASDAQ. The main hypotheses tested 

in this paper are: 1) the comovement between the stock indices merged changed after 

the merger and the cointegration between the stock indices merged become more 

obviously even in the short term period after the merger; 2) mergers bring the benefits 

by predicting stock index merged better; 3) investors of the merged markets may 

suffers because of loss of diversification.    

We use data from 2000 to 2013 and this will make possible to analyze markets 

integration in short and long term periods. Our first contribution is fitting the gap that 

previous studies cited above examine comovement between markets indices but not 

analyse what is the impact of the merger of the stock exchanges. Second we test 

whether the merger tends to induce error correct mechanism work or work better. In 

addition, our study shows that the merger does not hurt the investors’ profit, but 

increase volatility by reducing diversification if we use information on the entire 

return distributions. 

                                                             
2
 We exclude Iceland due to the extreme financial problem that this country had in the analyzed 

period.  
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To make the analysis we use GARCH model to test the cointegration between 

merged markets, employ Granger causality test whether the predict power of 

NASDAQ improve on OMX, and apply Mean-variance criterion, and Omega ratio to 

analyze the impact of merger on investors’ profit of OMX.  

Employing cointegration analysis, we find that the co-movement between each pair 

of indices in Nordic and Baltic stock markets and NASDAQ adjust due to the merger 

and the result support that the merger of NASDAQ with OMX induce the level of 

integration between the Nordic & Baltic stock markets and NASDAQ. Granger 

causality tests show the merger induces error correct mechanism work and work 

better, and the effect of merger accrue in various time period by different range cross 

indices. MV and Omega ratio provide interesting results that there is no clear 

difference from the mean of return ratio in the pre- and post-merger periods for 

investors. 

1.2. Data and Methodology  

1.2.1 Data  

The data used in this study are daily NASDAQ index and the six Euronext OMX 

indexes, including Copenhagen 20 Index (Cop), Helsinki 25 Index (Hel), Riga All-

Share Gross Index (Riga), Stockholm 30 Index (Sto), Vilnius All-Share Gross Index 

(Vil), and Tallinn All-Share Gross Index (Tal). To get a proxy for all the 6 OMX 

indexes, we construct the average OMX (AOMX) index by using the average of the 

six OMX indexes.  NASDAQ announced to buy OMX, the Swedish-Finnish financial 

company that controls 7 Nordic and Baltic stock exchanges on May 25, 2007. As of 
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February 27, 2008, the deal was completed. In order to study the effect of the merger 

in the short, medium, and long run, we use the data from around five years before the 

merger (March 1, 2002) till around five years after the merger (February 28, 2013) of 

the NASDAQ Stock Exchange with OMX on February 27, 2008, and we study the 

short period (1 year), median-ranged period (3 years) and longer period (5 years) 

before and after the merge, 

Fig.1 exhibits the time-series plots of NASDAQ and the six OMX indexes from 

March 1, 2002 to February 28, 2013. To compare the movements of various indexes 

in one graph, we adjust each index by dividing the price of index in March 1 2002 

and multiplying 100 so that all indexes start from 100. From the figure, we find that 

1) the movement of six OMX indexes and NASDAQ is more homogenous, and 2) the 

variance among these seven indexes becomes smaller after the merger. 3) all the 

values of indexes go down from the end of 2007 as a result of the global 2007 

financial crisis and recover after the beginning of 2009, and 4) the ascendant trends of 

seven indexes before the merger are obvious and the movements after the merger are 

more random. 

[Figure 1 should be insert here] 

1.2.2. Methodology 

1.2.2.1. Cointegration 

Engle and Granger (1987) propose a two-step cointegration test which connects the 

moving average, autoregressive, and error correction representations for co-integrated 

systems. Before applying the two-step procedure, it is necessary to identify the 

integrated order of the variables. After confirming the variables being analyzed are 
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I(1), we use normal OLS to regress  Yt  by Xt , and obtain the cointegation equation. 

Thereafter, we test whether the residuals are stationary. 

To allow for heteroskedastic error terms to capture various dynamic structures of 

conditional variance, in our paper we incorporate the GARCH (1, 1) model 

(Bollerslve, 1986) into the traditional cointegration equation to test whether there is 

any co-movement relationship between any of the OMX indexes and NASDAQ index 

and test whether there is any effect from the merger by using the following equation:  

𝑌𝑡 = 𝛿 + 𝛿1𝑋𝑡 + 𝛿2𝐷𝑡 + 𝛿3𝑋𝑡 ∗ 𝐷𝑡 + 휀𝑡        (1.1) 

휀𝑡 = √ℎ𝑡𝑒𝑡 and  ℎ𝑡 = 𝑤 + 𝛽1휀𝑡−1
2 + 𝛾1ℎ𝑡−1 + 𝜑𝐷𝑡       

where 𝑌𝑡 presents any of the OMX indexes and 𝑋𝑡 is NASDAQ index, 𝐷𝑡  is the 

control merger dummy which equals to one if time is after the merger and zero 

otherwise, and 𝑒𝑡  is independently and identically distributed (iid) as normal 

distribution with zero mean and unit variance, N(0,1). If the standardized residual is 

I(0), then the stock prices  𝑋𝑡  and 𝑌𝑡  are heterscedastically cointegrated. If the 

coefficients, 𝛿2 , 𝛿3 , and 𝜑 , are not rejected to be all zero, then the merger of 

NASDAQ with OMX has some effects on the co-movement of the stock indexes 

being examined.  

In addition, we apply the following cointegration equation with heteroskedastic 

error terms but without merger dummy variable to test whether there is any co-

movement relationship between any of the OMX indexes and NASDAQ index in the 

sub-periods separated by the date of the merger:  

𝑌𝑡 = 𝛿′ + 𝛿1′𝑋𝑡 + 𝑢𝑡         (1.2) 
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𝑢𝑡 = √𝑔𝑡𝑣𝑡 and  𝑔𝑡 = 𝑤′ + 𝛽1′𝑢𝑡−1
2 + 𝛾1′𝑔𝑡−1    

where  𝑌𝑡 and 𝑋𝑡 are defined in (1),  and 𝑣𝑡  𝑖𝑖𝑑  𝑁(0,1). If the standardized residual is 

not rejected to be I(0), then the stock indexes 𝑋𝑡  and 𝑌𝑡  are heterscedastically 

cointegrated in the sub-periods separated by the date of the merger.   

1.2.2.2 Linear Causality  

After establishing the long-run relationship between any of the OMX indexes (Yt) 

and NASDAQ (Xt) as shown in Equation (1.2), we process to examine the short run 

dynamics and test whether there is any causality between any of the OMX indexes 

and NASDAQ index by using the following short-run dynamic models:  

∆𝑌𝑡 = 𝛿 + ∑ 𝛼𝑖∆𝑋𝑡−𝑖
𝑛
𝑖=1 + ∑ 𝛽𝑗∆𝑌𝑡−𝑗

𝑚
𝑗=1 + 𝛾 ∙ 𝐸𝐶𝑀𝑡−1 + 𝑢1𝑡  (1.3) 

∆𝑋𝑡 = 𝛿 + ∑ 𝛼′𝑖∆𝑋𝑡−𝑖
𝑛
𝑖=1 + ∑ 𝛽′𝑗∆𝑌𝑡−𝑗

𝑚
𝑗=1 + 𝛾′ ∙ 𝐸𝐶𝑀𝑡−1 + 𝑢2𝑡  (1.4) 

where 𝑌𝑡 and 𝑋𝑡 are defined in Equtaion (1.1), the error correction term, ECMt−1 is 

the standard residual at time t − 1 obtained by running Equation (1.2), and  the 

speeds of adjustment, γ and γ′ are the coefficients of ECMt−1 . Engle and Granger 

(1987) prove that when Yt  and Xt  are cointegrated, there always exists a 

corresponding error-correction representation as shown in Equations (1.3) and (1.4),  

implying that change in the dependent variable is a function of the level of 

disequilibrium in the cointegration relationship captured by the error correction term 

as well as changes in other explanatory variable(s). The error correction term refers to 

the level of disequilibrium in the long run relation while the speeds of adjustment 

represent the proportion by which the long run disequilibrium (or imbalance) in the 

dependent variable is being corrected in each time period. If we do not reject the 
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hypothesis that all 𝛼𝑖 = 0 and 𝛾 = 0, then 𝑋𝑡 does not Granger-cause 𝑌𝑡 . Similarly, 

the failure to reject that all  𝛽′𝑗 = 0 and 𝛾′ = 0 suggests that 𝑌𝑡  does not Granger-

cause 𝑋𝑡.  

1.2.2.3 Non-linear Causality 

Besides classical linear causality, we test nonlinear causality as well. Granger 

(1969) originally proposes a novel idea to test the causal relationship between two 

time series variables. Using two strictly stationary and weakly dependent residual 

series, �̂�1𝑡, �̂�2𝑡, which are obtained from Equation (1.3 & 1.4) and are denoted by xt 

and yt, we can detect the nonlinear causal relation. Baek and Brock (1992) define 

series Yt does not strictly Granger cause another series Xt if and only if: 

𝑃𝑟(‖𝑥𝑡
𝑚 − 𝑥𝑠

𝑚‖ < 𝑒|‖𝑥𝑡−𝐿𝑥
𝐿𝑥 − 𝑥𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒, ‖𝑦𝑡−𝐿𝑦
𝐿𝑦

− 𝑦𝑠−𝐿𝑦
𝐿𝑦

‖ < 𝑒) =

𝑃𝑟(‖𝑥𝑡
𝑚 − 𝑥𝑠

𝑚‖ < 𝑒|‖𝑥𝑡−𝐿𝑥
𝐿𝑥 − 𝑥𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒)     (1.5) 

where 𝑃𝑟 ( ) denotes probability distribution and ‖∙ ‖ denotes the maximum norm. 

𝑚 ≥ 1, 𝐿𝑥, 𝐿𝑦 > 1 are given values and 𝑒 > 0. 

𝑥𝑡
𝑚 is the m-length lead vector of 𝑥𝑡: 

𝑥𝑡
𝑚 ≡ (𝑥𝑡, 𝑥𝑡+1, … , 𝑥𝑡+𝑚−1), 𝑚 = 1, 2, … , 𝑡 = 1, 2, … 

𝑥𝑡−𝐿𝑥
𝐿𝑥  refers to Lx-length lag vector of 𝑥𝑡: 

𝑥𝑡−𝐿𝑥

𝐿𝑥 ≡ (𝑥𝑡−𝐿𝑥
, 𝑥𝑡−𝐿𝑥+1, … , 𝑥𝑡−1), 𝐿𝑥 = 1, 2, … , 𝑡 = 𝐿𝑥 + 1,  𝐿𝑥 + 2, … 

and 𝑦𝑡−𝐿𝑦
𝐿𝑦

 refers to Ly-length lag vector of 𝑦𝑡: 

𝑦𝑡−𝐿𝑦

𝐿𝑦 ≡ (𝑦𝑡−𝐿𝑦
, 𝑦𝑡−𝐿𝑦+1, … , 𝑦𝑡−1) , 𝐿𝑦 = 1, 2, … , 𝑡 = 𝐿𝑦 + 1,  𝐿𝑦 + 2, … 

Let 𝐶1(𝑚𝑥 + 𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛)/𝐶2(𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛)  and 𝐶3(𝑚𝑥 + 𝐿𝑥, 𝑒, 𝑛)/𝐶4(𝐿𝑥, 𝑒, 𝑛) 
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denote the ratios of joint probabilities corresponding to the left side and right side of 

Equation (1.5). Correlation-integral estimators of the joint probabilities can be written 

as: 

𝐶1(𝑚 + 𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛) ≡
2

𝑛(𝑛−1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝑚+𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝑚+𝐿𝑥 , 𝑒) ∙ 𝐼(𝑦𝑡−𝐿𝑦

𝐿𝑦 , 𝑦𝑠−𝐿𝑦

𝐿𝑦 , 𝑒)𝑡<𝑠 , 

𝐶2(𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛) ≡
2

𝑛(𝑛−1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝐿𝑥 , 𝑒) ∙ 𝐼(𝑦𝑡−𝐿𝑦

𝐿𝑦 , 𝑦𝑠−𝐿𝑦

𝐿𝑦 , 𝑒)𝑡<𝑠 , 

𝐶3(𝑚 + 𝐿𝑥, 𝑒, 𝑛) ≡
2

𝑛(𝑛−1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝑚+𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝑚+𝐿𝑥 , 𝑒)𝑡<𝑠 , 

𝐶4(𝐿𝑥, 𝑒, 𝑛) ≡
2

𝑛(𝑛−1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝐿𝑥 , 𝑒)𝑡<𝑠 , 

and 

𝐼(𝑥, 𝑦, 𝑒) = {
0, 𝑖𝑓 ‖𝑥 − 𝑦‖ > 𝑒

1, 𝑖𝑓 ‖𝑥 − 𝑦‖ ≤ 𝑒
      (1.6) 

𝑡, 𝑠 = 𝑚𝑎𝑥(𝐿𝑥, 𝐿𝑦) + 1, … , 𝑇 − 𝑚 + 1, 𝑛 = 𝑇 + 1 − 𝑚 − 𝑚𝑎𝑥 (𝐿𝑥, 𝐿𝑦). 

For given values of 𝑚, 𝐿𝑥, 𝐿𝑦 and 𝑒 > 0, under the assumptions that 𝑥𝑡 and 𝑦𝑡 are 

strictly stationary, weakly dependent, and satisfy the mixing conditions of Denker and 

Keller (1983), if 𝑦𝑡 does not strictly Granger cause 𝑥𝑡, then the test statistic:  

√𝑛 (
𝐶1(𝑚+𝐿𝑥,𝐿𝑦,𝑒,𝑛)

𝐶2(𝐿𝑥,𝐿𝑦,𝑒,𝑛)
−

𝐶3(𝑚+𝐿𝑥,𝑒,𝑛)

𝐶4(𝐿𝑥,𝑒,𝑛)
) ~𝑁 (0, 𝜎2(𝑚, 𝐿𝑥, 𝐿𝑦, 𝑒))  (1.7) 

And an estimator of the variance 𝜎2(𝑚, 𝐿𝑥, 𝐿𝑦 , 𝑒) has been provided by Hiemstra 

and Jones (1994). 

1.2.2.4 Mean-variance analysis and Mean-Omega analysis  

Traditionally, mean-variance (MV) criterion could be used as tools of decision 

making. For any two investments with return 1Y  and 2Y  with means 1  and 2  and 
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standard deviations 
1  and 

2 , respectively, 
2Y  is said to dominate 

1Y  for risk 

averters by the MV criterion if 
2 1 

 
and 

2 1   with at least one inequality holds 

(Markowitz (1952)). On the other hand, Wong (2007) define the MV rule for risk 

seekers such that if 
2 1 

 
and 

2 1   with at least one strictly inequality 

relationship, then  
2Y  is said to dominate 

1Y  by the MV rule of risk seekers.  

Omega ratio is developed by Keating and Shadwick (2002) , and we employ it to 

compare portfolios before and after the merger. This is a relative measure of the 

likelihood to achieve a given return, such as a minimum acceptable return or a target 

return. The higher the Omega value, the greater the probability that a threshold return 

will be achieved. The Omega thus represents a ratio between the cumulative 

probability of being above and that below the threshold return. Therefore, the Omega 

ratio divides expected returns into two parts: gains and losses, or returns above the 

threshold (the upside) and those below it (the downside). It is important to note that 

the Omega ratio does not require the normality assumption for the distribution of 

returns and is calculated as follows: 

Ω(𝑟) =
∫ (1 − 𝐹(𝑥))𝑑𝑥

∞

𝑟

∫ 𝐹(𝑥)𝑑𝑥
𝑟

−∞

 

where 𝑟 is the threshold return and 𝐹( ) is the cumulative density function of return. 

The Omega ratio is also a risk measure using the first-order lower-partial moment 

because it is the ratio between the expected return in excess of the threshold and the 

first-order lower partial moment. Since the Omega ratio is consistent with stochastic 

dominance (Kapsos et al. 2014), we make the following rules for the Omega ratio: 

1) If 𝜇𝐵 ≥ 𝜇𝐴 and Ω(𝐵) ≥ Ω(𝐴), then risk averters prefer B to A, 
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2) If 𝜇𝐵 ≥ 𝜇𝐴 and Ω(𝐵) ≤ Ω(𝐴), then risk seekers prefer B to A, 

We call (1) the mean-Omega rule for risk averters and (2) the mean-Omega rule for 

risk seekers. 

1.3. Empirical Analysis  

Before we analyze the relationship between any of the six OMX indexes and the 

NASDAQ index and between AVOMX and NASDAQ index, we first examine the 

nature of the indexes and exhibit in Table 1.1 (Panel A/B/C) some basic statistics for 

the daily stock prices and returns of NASDAQ, the six OMX indexes, and the AOMX 

index for the periods one/three/five years (reported in A/B/C panel) before and after 

the merger of OMX with NASDAQ on February 27, 2008. For easy comparison, we 

also report the statistics for the combined periods (combining the periods before and 

after the merger). From the table, we find that, except Tal and NASDAQ in Panel B, 

the means of all the stock returns studied in this paper are higher before the merger 

than after the merger in all panels. We also find that the standard deviations of the 

stock returns of all the indexes studied in this paper before the merger are smaller 

than after the merger in all three panels. The highest values of all indexes appear 

before the merger except Cop and NASDAQ in panel C. However, the greatest 

returns of each index appear after the merger. On the other hand, the minimum prices 

of each index appear after the merger for Panels A and B. For Panel C, the minimum 

prices of Cop, Hel, Sto, Vil, Tal and AOMX index appear before the merger and those 

of Riga and NASDAQ index appear after the merger. 

[Table 1.1 should be insert here] 
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1.3.1. Cointegration Analysis 

Before applying the cointegration tests described in Section 1.2.2.1, we first 

employ the Augmented Dickey-Fuller (ADF) unit-root test to examine the stationarity 

property of the variables being studied in this paper for the following different 

periods: 1/3/5 years before and after the merger of OMX with NASDAQ exclusively 

and inclusively. We report in Table 1.2 the stationary status of each series on its level 

and its first difference. The table shows that all the price series involved are not 

rejected to contain an unit root at the 1% level because the ADF test shows that the 

prices in the level are all rejected to be stationary, while their first differences are all 

not reject to be stationary at the 1% significant level, implying that all the indexes 

follow I(1) processes in the sub-periods before and after the merger, and in the entire 

combined period. This meets the stationary requirement for the establishment of the 

cointegration relationship.  

[Table 1.2 should be insert here] 

In this paper we examine existence of any cointegration relationship for the 

following samples – 1 year, 3 years, and 5 years before and after the merger and in 

the combined periods. We report the results of the cointegration model stated in 

Equation (1.1) for the combined periods in Table 1.3 and report the results of the 

cointegration model stated in Equation (1.2) for the separated periods in Table 1.4. 

We first discuss the results displaying in Table 1.3 for the cointegration model stated 

in Equation (1.1). From Table 1.3, we find that all p-values of ADF tests of the 

standardized residuals after fitting the cointegration equation stated in (1) are all 

smaller than 1%. Together with the significance of the GARCH parameters discussed 

later, the results imply that there is heteroskedastic cointegrated relationship between 
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any of the six OMX indexes and the NASDAQ index and between AOMX and 

NASDAQ. In other words, we can conclude that there is a common stochastic trend 

in long run for all the OMX indexes and NASDAQ.  

[Table 1.3 should be insert here] 

In addition, we find except the intercept for Vil in the short run (one year before 

and after the merger) is significant at 10%, all other estimates of the both intercepts 

and slopes are significant at 1% level for short, median and long runs. Moreover, 

except the intercept for Vil is negative, all other intercepts are positive in short run, 

become negative (except Riga) in the medium run, and all become further negative in 

the long run. On the other hand, the coefficients of slopes are all positive except two 

in the short run, implying that, in general, OMX indexes and NASDAQ are moving in 

the same direction. In addition, we find that except the slope for Sto is larger in in 

medium run than in the long run, for all other slopes, the longer the time period being 

tested, the larger the values become. These findings imply that in general the positive 

relationship between OMX indexes and NASDAQ index is stronger in the long run 

than in the short run.  

We turn to examine the GARCH effects in the model. To do so, we have to 

examine the estimates of 𝑤, 𝛽1, 𝛾1 and  𝜑. We first investigate the estimates of 𝑤, 𝛽1 

and 𝛾1 reported in Table 1.3. We will examine the estimates of 𝜑 later on when we 

discuss the effects of the control merger dummy, 𝐷𝑡. The estimates of 𝑤 are positive 

and significant at least at 10% (mostly 1%) level, implying existence of high 

volatility of shocks in each cointegration relation between any of the OMX indexes 

and the NASDAQ index. We then look into the estimates of 𝛽1 and 𝛾1. From the 

table, we find that the estimates of 𝛽1 are all significantly positive at 1% level except 
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Hel that is significant at 5%. On the other hand, all except one estimates of 𝛾1 are 

positive while some are significant but some not. The results imply that there are 

strong ARCH effects in all the cointegration relationship between any of the OMX 

indices and the NASDAQ index but the GARCH effects are only strong in some 

cointegration relationships and not all of the estimates. The results also imply that 

there are strong the persistence of variance that measured by the estimates of 𝛽1 + 𝛾1.  

We then look into the effects of the control merger dummy, 𝐷𝑡, to the cointegration 

relationship in Equation (1.1). To do so, we first examine the estimates of  𝛿2 and 𝛿3, 

and thereafter investigate the estimates of 𝜑 . From Table 1.3, we find that all 

estimates of 𝛿3 are statistically significant at 1% level, and that all estimates of 𝛿2 

except Tal in 3-year sample are statistically significant at 1% level, implying that the 

control merger dummy, 𝐷𝑡, strongly affects both the intercept and the slope of the 

cointegration model in Equation (1.1). The results also imply that the long-run linear 

relationships between each OMX index and NASDAQ Index change after the merger 

no matter how long (1 to 5 years) the time period is included in the sample. When we 

check the sign of the estimates of  𝛿2  and 𝛿3  for different periods, we find the 

following 2 interesting results: 1) the estimates of  𝛿3 are all significantly positive in 

the period one year before the merger to one year after the merger, and become all 

significantly negative in the period three years before the merger to three years after 

the merger, and become all further significantly negative in the period five years 

before the merger to five years after the merger. 2) On the other hand, the estimates of  

𝛿2 are all significantly negative in the period one year before the merger to one year 

after the merger, and become mix in the period three years before the merger to three 

years after the merger, and become all significantly positive in the period five years 
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before the merger to five years after the merger. The first finding further implies that 

the merger has a positive effect on the co-movement of the OMX indices and 

NASDAQ in a short run (one year before to one year after the merger) and becomes 

negative effect on the co-movement of the OMX indices and NASDAQ in a median 

period (three years before to three years after the merger) and the effect becomes 

further negative on the co-movement of the OMX indices and NASDAQ in a long 

run (five years before to five years after the merger). The second finding implies that 

all but 2 of the OMX goes up (the amount of intercept) in the period three years 

before the merger to three years after the merger, and all increase further in the period 

five years before the merger to five years after the merger. The second finding further 

implies the merger has a negative effect on the OMX indices in a short run (one year 

before to one year after the merger) and becomes positive effect on the OMX indices 

(except 2) in a median period (three years before to three years after the merger) and 

becomes strong positive effect on the OMX indices in a long run (five years before to 

five years after the merger). 

We now investigate the effect of the control merger dummy on shocks by 

examining the estimates of 𝜑  in Equation (1.1). Significantly positive (negative) 

estimate implies shock is with higher (lower) volatility after the merger in compared 

with before the merger. From Table 1.3, we find that more than half of the estimates 

of 𝜑 are significant at 5% level (but less than half at 1%) in a short run, all except one 

are significant at 1% level in the median run and all are significant at 1% level in the 

long run, implying that the impact of the control merger dummy on shocks of the 

cointegration relationship between OMX indexes and NASDAQ index become 

stronger in the medium period and is the strongest in the long run.  
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[Table 1.4a should be insert here] 

To further investigate the impact of the merger on the integration between any 

OMX index and NASDAQ, we estimate the cointegration model stated in Equation 

(1.2) on separate samples and report the results in Table 1.4a. Since the conclusion 

drawn from the results of Table 1.4a should be similar to those from Table 1.3, we 

only report the results that Table 1.3 cannot tell. 

The most striking results from Equation (1.2) that Equation (1.1) cannot get it that 

except Vil, none of the OMX indexes is cointegrated with NASDAQ in the one-year 

short run period before the merger but all become cointegrated after the merger in the 

short. In the medium run, 5 OMX indexes are cointergrated with NASDAQ index 

before the merger and 6 OMX indexes are cointegrated at or above 10% significant 

level after the merger. In the long run, 6 OMX indexes are cointergrated with 

NASDAQ at 1% level before the merger but only Riga is cointegrated with 

NASDAQ at 1% after the merger. These results imply that after the merger, the series 

that do not have any common stochastic trend one year before the merger become 

having a common stochastic trend in a short run. 

We turn to examine the impact of the merger on the intercept and slope. We first 

examine the coefficients of intercept (𝛿′). We find the the intercepts are all (except Vil 

with small negative value) positive and all (except Sto) become negative in the short 

run after the merger. On the other hand, intercepts are mainly negative in the median 

run and all are strongly negative in the long run but become less negative or even 

become positive in the median run and all (except Cop & Vil) are strongly positive in 

the long run. This implies that in general the merger has a negative impact in the 

intercept in the small run but the impact becomes positive in the median run and 
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becomes even further positive in the long run. Comparing the coefficients of slopes in 

the Table 1.3, the coefficients of slopes (𝛿1′) before the merger are similar to the ones 

in the Table 1.3, and the coefficients of slopes (𝛿1′) after the merger are all become 

larger in the short run but become smaller in the median run and become further 

smaller in the long run. This finding is also consistent with the results that the merger 

has a positive effect on the co-movement of the OMX indices and NASDAQ in a 

short run and becomes negative effect on the co-movement of the OMX indices and 

NASDAQ in a median period and further negative in a long run. 

We then examine the estimates of 𝑤′, 𝛽1′ and 𝛾1′ to test the GARCH effects on the 

model stated in Equation (1.2). Similar to the analysis of Equation (1.1), at least one 

of three parameters – 𝑤′, 𝛽1′ and 𝛾1′ is significant at 5% or higher significant level 

for each regression showing GARCH model is meaningful to be used. 

In addition, the persistence parameter,  𝛽1
′ + 𝛾1′, are close to 1, implying the strong 

persistence  of variance of shocks. On the other side, the persistence parameters 

change about 8% except Cop drops down by more than 25% and Vil drops less than 

1% in the short run, and except two change about 5% all change less than 5% in the 

median period and even less in the long run after the merger. The result implies that 

the persistence change after the merger, the longer time period being tested the 

smaller change is. When we check the sign of change of persistence, all expect Hel 

drops in the short run, but all except two in the medium run and all in the long run 

rise after the merger. The falling number of decreasing persistence parameter implies 

that lagged squared residuals of some series contribute less after the merger in the 

short run, but become weak or opposite in the relative longer time period. 
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We last examine the cointegration model in which OMX is independent variable 

and NASDAQ is the dependent variable and report the results in Table 4b. When we 

look into the p-values of ADF tests on standardize residuals, we find 1) only Vil is 

cointegrated with NASDAQ index at 1% level one year before the merger and 3 

OMX indexes are cointegrated with NASDAQ index at the same significant level, 2) 

in the medium run, 4 indexes are cointegrated at 1% level, and 2 indexes are 

coinegrated at 5% level before the merger while 3 indexes are at 1% level and 2 

indexes at 5% level after the merger, 3) in the long run, all are cointegrated at 1% 

level before the merger but none of them are cointegrated at 1% after the merger. 

Together with the findings of the cointegration relationship that NASDAQ explains 

OMX as shown in Table 4a, the findings from Table 4b show that more cointegration 

relationships that OMX indexes explain NASDAQ are significant at 1% level in the 

short run after the merger, and less cointegration are significant in the long run after 

the merger. 

[Table 1.4b should be insert here] 

In all, we first conclude that GARCH effects especially ARCH effects are strong in 

cointegration relationships due to the necessary to utilizing the GARCH model. Then 

we assert that OMX indexes and NASDAQ index have a positive common trend, and 

the co-movement between them enlarges after the merger in the short run but 

diminishes in the long run. OMX Exchanges operates eight stock exchanges mainly 

in the Nordic and Blatic countries, while NASDAQ is mainly in U.S.A. Before the 

merger, OMX and NASDAQ are mainly influenced by their local financial issue in 

the short run. This may cause that these two exchanges are not cointegrated with each 

other in the short run. Meanwhile, financial markets are linked with each other 
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nowadays, and then two long-distance markets may be cointegrated with each other 

in the long run affected by similar global financial environment. However, after the 

merger, OMX and NASDAQ become one company, and are cointegrated even in the 

short run. Last, we find that the volatility of shocks of cointegration decrease in the 

short run, implying these two exchanges are closer after the merger constant with the 

second conclusion. 

  

1.3.2. Linear Causality Analysis 

     The discussion that follows in this section is based on all tests in Section 1.2.2.2; 

to save space not all coefficients are reported here but a complete report is available 

on request. 

Since all variables are I(1), and there is cointegration between all OMX indexes 

and NASDAQ index except one year before the merger, we next employ an error-

correction model (ECM) (Engle and Granger, 1987; Sargan, 1964) to test whether 

there is any unidirectional or bidirectional relationship among NASDAQ index and 

OMX indexes. The main results of the Granger causality test are reported in Table 

1.5a and 1.5b, including the estimated speeds of adjustment. The null hypothesis of 

Table 1.5a is that NASDAQ does not Granger cause OMX indexes, while the null 

hypothesis of Table 1.5b is that OMX indexes does not Granger cause NASDAQ 

index. 

According to Table 1.5a, all the statistics of F-test are significant at 1% level, 

implying that NASDAQ index Granger cause OMX indexes both before and after the 

merger no matter how long the time period is. When we further discuss the effect of 
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merger and estimate the speeds of adjustment, first, we find that the estimates of error 

correction mechanism (𝛾) for NASDAQ causing OMX should not be included in the 

model one year before the merger, and 5 out of 7 become significant one year after 

the merger. Then we show that only two of 𝛾 are significant in the medium run before 

the merger but all except Sto become significant after the merger, and that none of γ 

is significant in the long run before the merger but 6 out of 7 become significant after 

the merger. On the other hand, when we consider the speeds of adjustments, we find 

more than half of these estimates become much faster after the merger.
3
 These results 

imply that the single-directional causality does not appear or disappear after the 

merger, but there is a modestly more significant and rapid return to equilibrium.   

[Table 1.5a and 1.5b should be insert here] 

Looking at the results of Table 1.5b which tests the model in Equation (1.4), we 

are unable to reject the null hypothesis that OMX indexes does not Granger cause 

NASDAQ index one year before/after the merger at 5% significant level (see F-value 

in the Table 1.5b). Thus, we are unable to conclude whether there is positive or 

negative effect on the predictive power of OMX indexes on NASDAQ index in the 

short run. In the medium run, Cop/Hel/AVOMX only causes NASDAQ index before 

the merger and Sto Granger cause NASDAQ both before and after the merger, imply 

after the merger some OMX indexes lose their predictive power on NASDAQ. In the 

long run, 5 out of 7 of the statistics of F-test for OMX indexes Granger causing 

NASDAQ become insignificant after the merger. When we check the estimates of 

error correct mechanism, in the short run, ECM should not be included in the sub 

period of before the merger, and two estimates of γ′ significant after merger, implying 
                                                             
3
 Five in short, four in medium and six in the long run of the estimates become absolutely larger after 

the merger. 
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some of error correct mechanism become useful after the merger. In addition, two 

estimates become insignificant from significant in the medium run and 6 out of 7 

estimates of 𝛾′  become insignificant in the long run, implying the error correct 

mechanism become useless in the relative longer time. Furthermore, four estimates of 

𝛾′ in the medium and six in the long run become absolutely smaller after the merger. 

These findings show that 1) the relationship OMX causing NASDAQ only exists in 

the relatively longer time period before the merger, 2) the error-correction mechanism 

only exists in short run after the merger and long run before the merger, and 3) 

NASDAQ index seems to return to the long run equilibrium more slowly in the long 

run. 

In all, the merger seems to intend OMX to go back their long-run equilibrium 

with NASDAQ more rapid and significant, while it seems to destroy the relations that 

OMX indexes Granger causes NASDAQ index in a relative long period and stop or 

slow down the return of NASDAQ to the equilibrium. 

1.3.3. Nonlinear Causality analysis 

It is a complex world, and the relation between various indexes could be uncertain 

and nonlinear. To test the existence of strictly nonlinear causal relationships between 

NASDAQ and OMX indexes, we employ the nonlinear nonparametric causality test 

and after control for linear Granger causality tests as mentioned above. In our paper, 

m = 1, Lx =  Ly = 10, e = 1.5. 

Table 6 shows the results of nonlinear causality before and after the merger. We 

first look into the results of upper part, which is based on the null hypothesis that 

NASDAQ does not nonlinearly cause OMX. We find that only one non-causality is 
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rejected at 5% level before the merger in the short, medium and long runs, while 

NASDAQ nonlinearly cause no one of OMX indexes in the short run and three in the 

medium/long run after the merger. Then we consider the opposite directional 

nonlinear causality between NASDAQ and OMX, which is reported in the down part 

of Table 6. Similar to the upper part, the number of significant rejection at or above 

5% level, after the merger, become less in the short run but increase in the medium 

and long runs. These findings imply that the causality between NASDAQ and OMX 

become more complex after the merger.  

[Table 1.6 should be insert here] 

Combining the results of linear and nonlinear causality, we find that 1) before the 

merger, NASDAQ and OMX have bidirectional causal relations in the long run, 

signal causal relations in the short run, and these relations are primarily linear, 2) 

after the merger, the error correct mechanism pushing OMX back long-run 

equilibrium works better and more significant, and does not work for pushing 

NASDAQ to adjust any more, and 3) the causal relation OMX causing NASDAQ 

become nonlinear after the merger. These results hint that NASDAQ and OMX 

operate independently before the merger. Since NASAQ is a much larger exchange, it 

respond global financial shock more quick than OMX and then it has a predict power 

on OMX in various time period, and it seems to play a role to maintain equilibrium. 

However, after the merger, NASAQ and OMX operate as a group or a team. 

NASDAQ preforms like a leader and OMX preforms like a follower. The predict 

power of OMX on NASDAQ become weaker and nonlinear after merger. Also, 

OMX instead of NASDAQ become the one who be responsible to adjust and return 

to the long equilibrium. 

1.3.4. Mean-variance and Mean Omega analysis 

Besides the change of long run relation and causality after the merger, we are also 

interested in the change of performance of OMX indexes and NASDAQ index and 
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whether investors win or lose money after the merger. Table 1.7 illustrates basic 

statistics and Omega ratio for the daily stock excess returns of the stock indexes from 

Euronext OMX in the short, medium and long runs. Academics and practitioners are 

interested in finding whether the investors may prefer pre-merger of NASDAQ with 

OMX. One could provide answer by first checking whether the mean return after 

merging is significantly higher and the volatility is significantly different from before 

merging. 

From Table 1.7, we find that the means of returns before the merger are higher than 

the ones after the merger except Tal and NASDAQ in the medium run. However, the t 

statistics are all insignificant at 5% significant except Vil in the short/ long run and 

AVOMX in the long run. Thus we assert 1) that the indexes in the post-merger period 

does not outperform the indexes in the pre-merger period and that these indexes does 

not perform better before the merger as well. On the other hand, the standard 

deviations of each index are larger after the merger. Among them, the F-statistics of 

the return between pre- and post-merger are all significant at 1% significant level. 

This result infers 2) that investors suffer more volatile after the merger when they 

invest the OMX markets. All the Omega ratios with the threshold return, 0.00%, are 

larger in the pre-merger period, showing lower probability of earning positive profit 

after the merger, and the results are consistent with different length of the time period 

included in the sample. When we set the threshold return, -0.50%, Omega ratio of 

OMX indexes and NASDAQ after the merger are much smaller than they are before 

the merger. However, when we set the threshold return relatively higher, such as 

0.50%, all Omega ratio are higher in the post-merger period except Vil in the long 

run. These findings imply 3) that it is easier for investors to earn positive profits or 
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control loss before the merger, but investors enjoy higher probability to achieve a 

relatively high return after the merger. According to the three points above, we 

conclude that there is no existence of significant change of the mean of performance, 

and that risk averters prefer to invest before the merger to control risk while risk 

seekers prefer to invest after the merger to earn higher return. 

[Table 1.7 should be insert here] 

1.4. Conclusion 

This paper investigate how the stock exchange merger of NASDAQ with OMX 

affects the co-movement of the stock markets of OMX using GARCH model, and 

briefly examine whether reduce investors’ profit by falling the diversification of 

portfolios. We find that the co-movement between indexes in Nordic and Baltic stock 

markets and NASDAQ index adjusts due to the merger. And the cointegration test 

shows that the long run common trend exists in one year after the merger but not in 

one year before the merger, and that the merger induce to reduce the volatility of 

shocks especially in the long run, implying the merger improve the integration of the 

two stock exchanges.  

Using Granger causality with ECM, we find that the error correct mechanism for 

NASDAQ causing OMX indexes become significant after the merger, providing 

another evidence of the improvement of integration after merger. However, the causal 

relation from OMX to NASDAQ becomes insignificant and nonlinear after the 

merger. These findings show that the roles of two exchanges change after the merger.  

At last, our study shows that the volatility of stock return seems to higher with no 
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clear rise of mean after the merger at first glance, and the probability that a threshold 

return will be achieved become lower after the merger, implying that it is difficult for 

investors to control risk as a result of decrease of diversification of portfolio after the 

merger. 
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CHAPTER TWO: Crude Oil Market and Stock Market: A 

Nonlinear Causality Test Approach on Chinese Case 

2.1. Introduction 

China continues to reveal heavy dependence on oil, much of which is imported. As 

for investigations casting doubt on existence of significant relation between oil prices 

and stock prices aggregate in China, the frequently argued reasons are China’s unique 

pricing mechanism of oil products and high speculativeness and intransparency of its 

stock market. The price regulation, as a matter of fact, mainly covers refined 

petroleum products, which means crude oil as the main input for production 

especially in China, as a global manufacturing center also as importers relying 

increasing heavy dependence on oil, should not be overlooked. Moreover, provided 

that substantial linkage between the two is, by and large, supported by empirical 

findings not only for industrialized countries but also for emerging markets, (See 

Basher and Sadorsky (2006), Masih et. al. (2011) and so forth) the correlation needs 

to be further analyzed especially despite of the contention made by researches such as 

Fang and You (2014) that segmentation of China’s stock market from others might 

account for the insignificant impact of oil price shocks on China’s stock returns.  

Within existing literature, exactly whether, and if so the extent of how crude oil 

price correlate with stock market in early literature is embedded in researches along 

two lines. At one end of the spectrum lie works focusing on impacts of crude oil price 

on macroeconomic variables ever since Hamilton (1983). Stock market has long been 

overshadowed. At the other end of the spectrum stand researches aiming to 

investigate how economic variables influence stock returns since Fama and Schwert 
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(1977) and Fama (1981). Oil price and oil price volatility are occasionally integrated 

as one of the factors might influence stock market in articles such as Chen, Roll and 

Ross (1986), Hamao (1988) and Kaneko and Lee (1995).  

After a short silence, the interdependence between crude oil price and stock market 

per se became no stranger to scholars after several pioneer researches done by Jones 

and Kaul (1996), Huang et al. (1996) and Sadorsky (1999) in 1990s. Framed by 

testing relation between crude oil price as general economic variable and the pricing 

of stock market aggregate especially in large economy such as the US, the linkage 

assessed in the prior analyses is far from adequate and far-reaching.  

Since the turn of the century, literature in this terrain keeps growing and presents a 

sharp expansion along with dramatic fluctuation of energy prices especially around 

the recession in 2008. Among the works, several different streams have thereby been 

developed. Using varied approaches, researches such as Papapetrou (2001), Park and 

Ratti (2008), Miller and Ratti (2009), Filis (2010), even with differing findings, detect 

the oil-stock relation in individual or a bundle of countries. There still emerges work, 

such as Huang et al. (1996), Faff and Brailsford (1999), Hammoudeh et al. (2004), 

Hammoudeh et al. (2010), and Elyasiani et al. (2011), attempt to examine effect of oil 

prices changes on financial market at industrial level and form a general consensus on 

the positive effect of oil price changes on energy-sensitive industry. Another 

noteworthy stream stands Kilian (2009), which destructures oil price shocks into oil 

supply shock, oil market specific demand shock and shocks to the global demand for 

all industrial commodities and contends that each shock has different effect on the 

real price of oil and on US macroeconomic aggregates. Under an approach analogous 

to Kilian (2009), several authors investigate the effect of structural oil price shocks on 
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stock prices in the U.S., other developed countries and emerging markets. (See, 

Kilian and park (2009), Apergis and Miller (2009) and Basher, Haug and Sadorsky 

(2012)) Some studies such as Conrad et al. (2015) aim to detect the macroeconomic 

determinants of the relationship between stock returns and the oil price shocks. Ewing 

and Thompson (2007), Bhar and Nikolova (2011), Filis et al. (2011) and Kang et al. 

(2015), whereas, have been concerned about the time-varying correlation between 

stock market prices and oil prices.  

In a similar vein exist studies concerning correlation between international crude 

oil market and China’s stock market. In addition to investigations focusing on nexus 

between international oil price shocks and China’s macro economy such as Du et al. 

(2010), Ou et al. (2012), Tang et al. (2012), Zhang (2011), there is emerging literature 

dealing with interdependence between international oil price shock and stock market 

in China especially after the 2008 financial crisis. As Broadstock et al. (2012) point 

out, researches investigating relationship between international oil price and stock 

market behavior in China are still limited despite of its role as the second largest oil 

consumer and the second largest stock market China owns. They further find a time-

varying correlation between international oil price changes and energy related stock 

returns in China. Cong et al. (2008), employing multivariate vector auto-regression, 

similarly argue that oil price shocks do not show statistically significant impact on the 

real stock returns of most Chinese stock market indices with the exception of 

manufacturing index and some oil companies. Chen and Lv (2015) claim a 

dramatically increased dependence level between the world oil market and the 

Chinese Stock market during the crisis period but that the simultaneous booms 

between these two markets decrease considerably after the crisis. Lin et al. (2010), 
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following Kilian (2009) and Kilian and Park (2009), find that there only existed a 

significantly positive impact by global supply shock on China stock market, global 

demand shock and the oil specific demand shock, however, have no significant 

impacts. Huang et al. (2015) propose a multiscale dynamic linkage between crude oil 

price and the stock market in China at the sector level and prove that the energy, 

information, material and telecommunication sector stock indices respond to crude oil 

price shocks negatively in the short run and positively in the medium and long runs 

terms whereas the finance sector responds positively over all three time horizons. 

Compared to negative and insignificant impact on Chinese stock market index by 

crude oil price in the short run, a long run positive linkage between crude oil price as 

one of the macroeconomic variables and SSE, typically in mining and petrochemicals 

index, is detected by Hosseini et al. (2011). Kang and Ratti (2016) identify economic 

policy uncertainty as factor linking oil price fluctuation and real stock market returns 

in China. Li et al. (2012) observe the relationships between oil prices and the Chinese 

stock market at the disaggregated sector level instead of the aggregate market level 

and find that increased oil price has a positive impact on sectoral stocks in the long 

run. By applying a structural dynamic factor model approach, Ou et al. (2012) prove 

the sensitivities of China stock market to the WTI crude oil price positive shock.  

However, current studies mostly adopt linear test approach to investigate 

correlation between oil market and China’s stock market and barely detect significant 

interdependence between them. (See Broadstock et al. (2012) and Cong et al. (2008) 

among others). 4  In order to further test their correlation, we propose a two-step 

                                                             
4 Most prior researches on oil-stock linkage in other countries also apply linear test approach with several articles as exception, 

such as Basher and Sadorsky (2006), Ghosh and Kanjilal (2014) and Sim and Zhou (2015).  
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nonlinear quantitle causality test approach to investigate the bidirectional relationship 

between oil price return and China’s stock price return, and find that there are 

significant whereas divergent bidirectional causality correlations between the two in 

the tail quantiles. Specifically, we test the bidirectional causality between Shanghai 

Stock Exchange (SSE) price return and WTI oil price return, since little attention has 

been paid to the reverse causation from the stock market to the crude oil market in 

prior analyses. We firstly perform a linear causality test between these two time 

series. Several unit root tests are employed to confirm that two price series have unit 

roots and their returns are stationary, due to the prerequisite requirement for stable 

series in linear causality model. It is shown that no linear causality between Shanghai 

Stock Exchange price return and WTI oil price return existed. Then we detect the 

existence of nonlinear causality relation between the two by using non-parameter 

causality test and reach a positive outcome. Lastly, quantile causality test is utilized to 

observe the concrete pattern of the nonlinear causal relation.  

Diverging from existing literature, we find that there exists a significant causal 

relationship between WTI and SSE in the low or a little higher-than-average quantiles 

when conducting quantile causality test. Specifically, SSE price return co-move with 

WTI price return only when WTI price return is relatively low (quantile 0.05-0.4), 

and WTI price return commove with SSE price return only when SSE is much low or 

a little higher than average (quantile 0.05-0.2 &0.6-0.8). The effect might roots in 

that, as Baur and Schulzer (2005) and Ding et al. (2014) argue, systemic risk arises 

under extreme market conditions. That is to say, when the return of the stock market 

is extremely low, it becomes more sensitive to the shock of oil market, and vice versa.  

The rest of the paper is arranged as follows in Section 2.2 we conduct a nonlinear 
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causality test to detect the nonlinearities and then follows a quantile causality test to 

be more specific. Section 2.3 we make our conclusion. 

2.2. Empirical Analysis 

2.2.1 Linear and Nonlinear Causality test 

Although WTI supply and demand are not directly influenced by fluctuations in 

some Asian economies, they may be indirectly related to each other through other 

macroeconomic channels. It is well known that cross-country financial markets are 

interdependent (see, Forbes and Rigobon (2002)), and therefore it is worthwhile to 

analyze the causal relation between WTI and Chinese stock index, such as Shanghai 

Stock Exchange. First we test the null hypothesis that there is a linear causality 

between WTI and Shanghai Stock Exchange index following traditional Granger 

causality test. This can be done empirically by considering a bivariate autoregressive 

model for two stationary series in a two equation model: 

Xt = a1 + ∑ αiXt−i
p
i=1 + ∑ βiYt−i

p
i=1 + ε1t  

Yt = a2 + ∑ γiXt−i
p
i=1 + ∑ δiYt−i

p
i=1 + ε2t      (2.1) 

where 휀1𝑡 , 휀2𝑡  are the disturbance terms obeying the assumptions of the classical 

linear normal regression model. 𝑌𝑡 does not Granger cause 𝑋𝑡 if and only if 𝛽𝑖 = 0, 

for all 𝑖. Similarly, 𝑋𝑡 does not Granger cause 𝑌𝑡 if and only if 𝛾𝑖 = 0, for all 𝑖. To test 

the null hypothesis of no causality, the standard F test may be used. For example, to 

test 𝛽𝑖 = 0 for all 𝑖, the F test is like as follows. 

F =
(SSRR−SSRF)/p

SSRF/(n−2p−1)
        (2.2) 
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where 𝑆𝑆𝑅𝑅 and 𝑆𝑆𝑅𝐹 are the sums of square of residuals for the restricted regression 

and the full regression, respectively. 𝑝  is the number of lag terms of 𝑌𝑡  in the 

regression equation on 𝑋𝑡, and n is the number of observations. If 𝑌𝑡 does not Granger 

cause 𝑋𝑡 , F is distributed as F(p,n−2p−1) . For given significance level α , the null 

hypothesis is rejected if F exceeds the critical value F(α,p,n−2p−1). Testing 𝛾𝑖 = 0 for 

any 𝑖 is similar. 

[Figure 2 should be insert here.] 

In our paper, daily data of West Texas Intermediate (WTI) and Shanghai Stock 

Exchange (SSE) are used as price benchmarks for crude oil markets and Chinese 

stock markets. Figure 2 plots WTI/SSE price and returnfrom January 1, 2001, to 

November 2, 2015. As shown in Figure 2, WTI oil price and SSE index are relatively 

stable before 2007 but start to increase and peak in the summer of 2008 and in the end 

of 2007 respectively. In addition, the return series are quite volatile, which may lead 

to the inefficiency of estimator when only traditional linear functions are used to 

analyze causal relationships between variables.  

[Table 2.1 should be insert here.] 

Similar to macroeconomic aggregates such as real GDP, asset prices exhibit 

trending behaviors or nonstationary in mean. As such, we conduct three unit root tests 

and a stationarity test. For the unit root tests, we consider the augmented Dickey-

Fuller (ADF, Dickey and Fuller, 1981), Dickey-Fuller generalized least squares (DF-

GLS, Elliott, Rothenberg, and Stock, 1996), and Phillips-Perron (PP, Phillips and 

Perron, 1988) tests. In these tests, the null hypothesis is that the series has a unit root. 

For the stationarity test, we consider the Kwiatkowski, Phillips, Schmidt and Shin 
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(KPSS, Kwiatkowski, Phillips, Schmidt and Shin, 1992) test, whose null is that the 

series is stationary. Table 2.1 shows that both WTI and SSE have a unit root, and are 

stationary after first difference. If the series contains a unit root, then the standard 

assumptions for an asymptotic analysis are not valid. And we also test cointegration 

test as well, and find that WTI and SSE are not cointegrated at 10% significant level. 

That implies that WTI and SSE do not have long run equilibrium and error correct 

term are not necessary to be included in causality model. In this regards, we consider 

the return of WTI and SSE instead of stock price of WTI and SSE to test the linear 

causality between WTI and SSE, and the equations are depicted as followed: 

∆𝑊𝑇𝐼𝑡 = 𝑎1 + ∑ 𝛼𝑖 ∙ ∆𝑊𝑇𝐼𝑡−𝑖
𝑝
𝑖=1 + ∑ 𝛽𝑖 ∙ ∆𝑆𝑆𝐸𝑡−𝑖

𝑝
𝑖=1 + 휀1𝑡  (2.3) 

∆SSEt = a2 + ∑ γi ∙ ∆WTIt−i
p
i=1 + ∑ δi ∙ ∆SSEt−i

p
i=1 + ε2t  

where ∆𝑊𝑇𝐼𝑡 and ∆𝑆𝑆𝐸𝑡 refer to the return of WTI and SSE stock price. 

Table 2.2 shows the results of linear Granger causality tests for return of oil price 

and shanghai stock index. We select the optimal lag truncation order by the Akaike 

Information Criterion (AIC). The estimation results in Table 2.2 show that we cannot 

reject the null hypotheses even at 10% significant level that WTI return and SSE 

return do not have the linear predict power to each other. These results seem to be 

inconsistent with the conclusion of previous studies (see Chen, Roll and Ross (1986), 

Hama (1988), Kaneko and Lee (1995) and so on). There are two possible reasons for 

this kind of inconsistency. The first possibility is WTI does not Granger cause SSE 

and SSE does not Granger cause WTI as well. Fang and You (2014) argue that newly 

industrialized economies’ stock markets such as SSE are partially integrated with the 

other stock markets and oil price shocks, and the relation between their stock markets 
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and oil price could be different from the effects on the U.S. and developed countries’ 

stock markets. The second possibility is that the causal relation is not linear and 

cannot be detected by traditional Granger causality test. Many scholars investigate 

and argue that oil price shocks have asymmetric effects on macroeconomics 

variables, which indicates the asymmetric effects of increases and decreases in oil 

prices on the domestic shock market (see Hamilton (1983), Mork (1989)). Therefore 

we test whether a nonlinear causality between WTI and SSE exist, by utilizing a 

nonlinear causality test following Hiemstra and Jones (1994).  

[Table 2.2 should be insert here.] 

According to the definition of causality proposed by Granger (1969), the causal 

relationship between two time series variables could not only be linear but nonlinear 

as well. As originally specified, the random variable Yt does not Granger-cause the 

random variable Xt, t = 1, 2, … if: 

Pr(‖𝑋𝑡
𝑚 − 𝑋𝑠

𝑚‖ < 𝑒|‖𝑋𝑡−𝐿𝑥
𝐿𝑥 − 𝑋𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒, ‖𝑌𝑡−𝐿𝑦
𝐿𝑦

− 𝑌𝑠−𝐿𝑦
𝐿𝑦

‖ < 𝑒) =

Pr(‖𝑋𝑡
𝑚 − 𝑋𝑠

𝑚‖ < 𝑒|‖𝑋𝑡−𝐿𝑥
𝐿𝑥 − 𝑋𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒)      (2.4) 

where Pr( ) denotes probability distribution and ‖ ‖ denotes the maximum norm. 

𝑚 ≥ 1, 𝐿𝑥, 𝐿𝑦 > 1 are given values and 𝑒 > 0. 

𝑋𝑡
𝑚 is the m-length lead vector of 𝑋𝑡: 

𝑋𝑡
𝑚 ≡ (𝑋𝑡, 𝑋𝑡+1, … , 𝑋𝑡+𝑚−1), 𝑚 = 1, 2, … , 𝑡 = 1, 2, … 

𝑋𝑡−𝐿𝑥
𝐿𝑥  refers to Lx-length lag vector of 𝑋𝑡: 

𝑋𝑡−𝐿𝑥

𝐿𝑥 ≡ (𝑋𝑡−𝐿𝑥
, 𝑋𝑡−𝐿𝑥+1, … , 𝑋𝑡−1), 𝐿𝑥 = 1, 2, … , 𝑡 = 𝐿𝑥 + 1,  𝐿𝑥 + 2, … 

and 𝑌𝑡−𝐿𝑦
𝐿𝑦

 refers to Ly-length lag vector of 𝑌𝑡: 
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𝑌𝑡−𝐿𝑦

𝐿𝑦
≡ (𝑌𝑡−𝐿𝑦

, 𝑌𝑡−𝐿𝑦+1, … , 𝑌𝑡−1) , 𝐿𝑦 = 1, 2, … , 𝑡 = 𝐿𝑦 + 1,  𝐿𝑦 + 2, … 

Here we don’t use WTI and SSE return directly, but two strictly stationary and 

weakly dependent residual series, ε̂1t  and ε̂2t , instead, which are obtained from 

Equation (2.3) and are denoted by xt  and yt , so we can exclude the linear causal 

relation. Then we can detect the nonlinear causal relation between oil price and SSE 

Composite index. According to Baek and Brock (1992) and Hiemstra and Jones 

(1994), ∆SSEt does not strictly Granger cause another series ∆WTIt if and only if: 

Pr(‖𝑥𝑡
𝑚 − 𝑥𝑠

𝑚‖ < 𝑒|‖𝑥𝑡−𝐿𝑥
𝐿𝑥 − 𝑥𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒, ‖𝑦𝑡−𝐿𝑦
𝐿𝑦

− 𝑦𝑠−𝐿𝑦
𝐿𝑦

‖ < 𝑒) =

Pr(‖𝑥𝑡
𝑚 − 𝑥𝑠

𝑚‖ < 𝑒|‖𝑥𝑡−𝐿𝑥
𝐿𝑥 − 𝑥𝑠−𝐿𝑥

𝐿𝑥 ‖ < 𝑒)     (2.5) 

where 𝑥𝑡 and 𝑦𝑡 are the residuals. In our paper, 𝑚 = 1, 𝐿𝑥 =  𝐿𝑦 = 10, 𝑒 = 1.5. 

Let C1(mx + Lx, Ly, e, n)/C2(Lx, Ly, e, n)  and C3(mx + Lx, e, n)/C4(Lx, e, n) 

denote the ratios of joint probabilities corresponding to the left side and right side of 

Equation (2.5). Correlation-integral estimators of the joint probabilities can be written 

as: 

𝐶1(𝑚 + 𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛) ≡
2

𝑛(𝑛 − 1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝑚+𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝑚+𝐿𝑥 , 𝑒) ∙ 𝐼(𝑦𝑡−𝐿𝑦

𝐿𝑦 , 𝑦𝑠−𝐿𝑦

𝐿𝑦 , 𝑒)
𝑡<𝑠

 

𝐶2(𝐿𝑥, 𝐿𝑦, 𝑒, 𝑛) ≡
2

𝑛(𝑛 − 1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝐿𝑥 , 𝑒) ∙ 𝐼(𝑦𝑡−𝐿𝑦

𝐿𝑦 , 𝑦𝑠−𝐿𝑦

𝐿𝑦 , 𝑒)
𝑡<𝑠

 

𝐶3(𝑚 + 𝐿𝑥, 𝑒, 𝑛) ≡
2

𝑛(𝑛 − 1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝑚+𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝑚+𝐿𝑥 , 𝑒)
𝑡<𝑠

 

𝐶4(𝐿𝑥, 𝑒, 𝑛) ≡
2

𝑛(𝑛 − 1)
∑ ∑ 𝐼(𝑥𝑡−𝐿𝑥

𝐿𝑥 , 𝑥𝑠−𝐿𝑥

𝐿𝑥 , 𝑒)
𝑡<𝑠

 

and 
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I(x, y, e) = {
0, 𝑖𝑓 ‖𝑥 − 𝑦‖ > 𝑒

1, 𝑖𝑓 ‖𝑥 − 𝑦‖ ≤ 𝑒
 

𝑡, 𝑠 = max(𝐿𝑥, 𝐿𝑦) + 1, … , 𝑇 − 𝑚 + 1, 𝑛 = 𝑇 + 1 − 𝑚 − max (𝐿𝑥, 𝐿𝑦) 

Under the assumptions that xt and yt are strictly stationary, weakly dependent, and 

satisfy the mixing conditions of Denker and Keller (1983), if yt  does not strictly 

Granger cause xt, then the test statistic:  

√𝑛 (
𝐶1(𝑚+𝐿𝑥,𝐿𝑦,𝑒,𝑛)

𝐶2(𝐿𝑥,𝐿𝑦,𝑒,𝑛)
−

𝐶3(𝑚+𝐿𝑥,𝑒,𝑛)

𝐶4(𝐿𝑥,𝑒,𝑛)
) ~N (0, 𝜎2(𝑚, 𝐿𝑥 , 𝐿𝑦, 𝑒))  (2.6) 

And an estimator of the variance σ2(m, Lx, Ly, e) has been provided by Hiemstra 

and Jones (1994). 

As shown in Table 2.2, the bidirectional causal relation between return of WTI and 

SSE is significant at 5% level, and this relation between first difference of WTI and 

SSE is even significant at 1% level. WTI and SSE have the predict power on each 

other, and this kind of power is nonlinear and asymmetric which is not easy to be 

detected by traditional Granger causality tests. This finding also imply that previous 

studies may be overestimate the difference between the effect of oil price shocks on 

stock prices in developed markets and emerging markets, such as China, and that 

some studies may over-reject the causal relation between the Chinese stock market 

and oil price. Moreover in the following section, we will define “nonlinear” from the 

perspective of conditional quantiles. Quantiles Granger causality test is employed to 

discuss the nonlinear relation whether WTI/SSE would influence SSE/WTI under 

various conditions (e.g., a bear or bull market).  
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2.2.2 Quantiles Causality test 

For a comprehensive understanding of the causal relationship between Xt and Yt, 

Chuang, Kuan, and Lin (2009) consider Granger causality in quantiles:  

  𝑄𝑌𝑡
(𝜏|(𝑌, 𝑋)𝑡−1) = 𝑄𝑌𝑡

(𝜏|𝑌𝑡−1), ∀𝜏 ∈ [𝑎, 𝑏] 𝑎. 𝑠.,          (2.7) 

where 𝑄𝑌𝑡
(𝜏|𝑇) denotes the 𝜏-th quantile of 𝐹𝑌𝑡

( |𝑇). If Equation (2.7) holds, then 

we can say that 𝑋𝑡  does not Granger cause 𝑌𝑡  over the quantile interval [𝑎, 𝑏] . 

Granger nonlinear causality in quantiles can be tested by the quantile regression 

method proposed in Koenker and Bassett (1978) and Bassett and Koenker (1982). In 

addition the classical Granger causality test, we can consider conditional quantile 

versions of Equation (2.3): 

QYt
(τ|∆WTIt) = a1(τ) + ∑ αj(τ) ∙ ∆WTIt−j

q
j=1 + ∑ βj(τ) ∙ ∆SSEt−j

q
j=1       (2.8) 

QYt
(τ|∆SSEt) = a2(τ) + ∑ γj(τ) ∙ ∆WTIt−j

q
j=1 + ∑ δj(τ) ∙ ∆SSEt−j

q
j=1     

Therefore, if the parameter vector β(τ) = (β1(τ), β1(τ), … , βq(τ))′ is equal to zero, 

then we say that ∆SSEt  does not Granger cause ∆WTIt  at the τ  quantile level. 

Similarly, γ(τ) = (γ1(τ), γ2(τ), … , γq(τ))′ implies that the growth rate of WTI does 

not Granger cause SSE composite index return at the τ quantile level. We can express 

the null hypothesis for Granger causality at the τ ∈ (0,1) quantile level by 

𝐻0: 𝛽(𝜏) = 0 

For fixed τ ∈ (0,1), we can write the Wald statistic of β(τ) = 0 as 

𝑊𝑇(𝜏) = 𝑇
�̂�𝑡(𝜏)′Ω̂(𝜏)−1�̂�𝑡(𝜏)

𝜏(1 − 𝜏)
 

where Ω̂(𝜏) denotes a consistent estimator of Ω(𝜏), which is the variance-covariance 
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matrix of 𝛽(𝜏). 

However, the above Wald test addresser only causality at the fixed quantile level τ. 

In many cases, one may be interested in testing for causality in quantiles over some 

quantile intervals, say τ ∈ [a, b]. Under suitable conditions and the null hypothesis 

H0: β(τ) = 0, ∀τ ∈ [a, b], Koenker and Machado (1999) show that the Wald statistic 

process follows the following weak convergence: 

𝑊𝑇(𝜏) ⇒ ‖
𝐵𝑝(𝜏)

√𝜏(1 − 𝜏)
‖

2

, 𝑓𝑜𝑟  𝜏 ∈ 𝛤 

where ⇒ denotes weak convergence (of associated probability measures), 𝐵𝑝(𝜏), a 

vector of 𝑝  independent Brownian bridges, equals to √𝜏(1 − 𝜏)𝑁(0, 𝐼𝑝)  in 

distribution and the weak limit is the sum of the square of 𝑝 independent Bessel 

processes. Koenker and Machado (1999) suggest a sup-Wald test for the above null 

hypothesis. From the above results, we can write 

𝑊𝑇(𝜏)𝜏∈𝛤
𝑠𝑢𝑝 → ‖

𝐵𝑝(𝜏)

√𝜏(1 − 𝜏)
‖

2

 

where → denotes convergence in distribution. By considering various [𝑎, 𝑏], we can 

capture the quantile range from which causal relationships arise. We simulate the 

critical values for various quantile ranges and report them in Appendix A. 

To conduct an empirical analysis, we consider five small quantile intervals, namely 

[0:05; 0:2], [0.2; 0.4], [0.4; 0.6], [0.6; 0.8] and [0.8; 0.95]. Following Ding et al. 

(2014), we conduct sup Wald test to select the lag truncation order q∗  for each 

quantile interval. The optimal lag truncation order is selected using a sequential lag 
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selection method5. For example, if the null βq(τ) = 0 for τ ∈ [0.05,0.2] not rejected 

but the null βq−1(τ) = 0 for τ ∈ [0.05,0.2] is rejected, then we set the desired lag 

order as q∗ = q − 1 for the quantile interval [0.05; 0.2]. However, if no test statistic is 

significant over that interval, then we select the lag truncation of order 1. We 

calculate sup-Wald test statistics to check the joint significance of all coefficients of 

lagged stock returns (or lagged growth rates of oil prices) for each quantile interval. 

For example, if the desired lag order is q∗, then the null hypothesis is H0: β1(τ) =

β2(τ) = βq∗(τ) = 0 for τ ∈ [0.05,0.2]. With the sup-Wald test statistics, we check 

whether there exists a significant causal relationship over this specific quantile 

interval. 

Table 2.3 reports the estimated sup-Wald test statistics and the selected lag 

truncation order. We can observe that the Shanghai stock exchange have some 

predicative powers on the WTI oil price. Moreover, such causal relationship is not 

linear but under some specific condition. As we can observe in Table 2.3, only the 

lower tail quantile intervals [0.05; 0.2] and [0.2; 0.4] take a significant sign. On the 

other side, we can observe a similar pattern that only tail quantile intervals are 

significant. For all other quantile intervals, the results are not significant, implying 

that WTI has a predict power on Chinese financial market only when Chinese 

financial market is a bear market. According to Ding et al. (2014), systemic risk exists 

under extreme market conditions. In our case, while the return of the stock market is 

relatively low, it becomes more vulnerable given the increasing systemic risk. And 

therefore, we can only observe significant tail quantile intervals.  

 [Table 2.3 should be insert here.] 

                                                             
5
 Critical values can be seen in the Appendix A. 
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2.3. Concluding remarks 

We propose a two-step nonlinear quantile causality test approach to investigate the 

bidirectional relationship between oil price return and China’s stock price return, and 

find that there are significant whereas divergent bidirectional causality correlations 

between the two in the tail quantiles. Although whether oil price fluctuation is the 

main cause of the co-movement of stock price and vice versa or they just 

simultaneously react to certain exogenous variables are far from being imparted in 

our non-linear test, the result is still useful in prediction for policy makers, investors, 

risk managers and so force. Further studies may examine the mechanism explanatory 

for this quantile causality correlation between the return of stock market and oil 

market, or investigate specific non-linear causation correlation between crude oil 

market and China’s stock market, say, at sectoral level. 
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CHAPTER THREE: The relation between international 

trade and capital flows: a network perspective 

3.1. Introduction 

There are some debates about the interdependence between international trade and 

international capital flow. Classic theories (see Mundell, 1957) states that 

international trade and international capital flow are substitutes. In the neoclassical 

two-good, two-factor model, one country is capital-abundant and the other is labor-

abundant. The former will export the capital intensive goods to the latter, and the 

latter will export the labor intensive goods. If the capital is allowed to flow to the 

latter from the former, the former will export less capital intensive goods to the latter. 

This is how the substitutes between trade and capital flow means. However, some 

new theoretical predictions and empirical analysis argue that trade integration 

increases the return to capital attracting capital inflows and that a permanent increase 

in a labor force or labor productivity which increases export can induce a net capital 

outflow, implying trade and capital mobility can be complements specially in less 

financially developed economies (Antras and Caballero, 2007; Jin, 2012).  

Some previous studies discuss similar issue which gives us some relative idea 

about the relation between trade and capital flows. Guerin (2006) indicate that 

bilateral FDI, trade and portfolio investment react to geography variables and 

macroeconomic fundamentals in the same way. Cole and Obstfeld (1991) use a 

simulation model estimates trade gains and international risk sharing and do not draw 

strong conclusion that trade may discourage bilateral capital flows and limit 

diversification. Goldstein and Razin (2006) consider capital flow/foreign portfolio 
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investment and foreign direct investment as substitutes, and develop an information-

based model and argue that investors select foreign direct investment or portfolio 

investment depending on their expected liquidity needs, level of transparency and the 

cost of production in the host country. Most of these studies are interested in the 

volume of trade and capital flows, while our paper is focus on the soft 

power/importance of one country in the trade or capital flow webs using network 

approach.  

The network approach nowadays pervades in economic studies, playing a central 

role in the transmission of information about micro-economic environments among 

different agents and exerting impacts on individual's behavior or decision. Based on a 

shared education networks between fund managers and corporate board members, 

Cohen, Frazzini, and Malloy (2008) find that institutional investors perform 

significantly better via connected relative to non-connected holdings. Within a 

theoretical framework, Colla and Mele (2010) show that investors who share close 

information linkage have positive correlated trades whereas trades generated by 

“distant” traders are negatively correlated. As mentioned by Ozsoylev and Walden 

(2011), information networks have been shown to be important in explaining 

investors' trading decisions and portfolio performance. Moreover, understanding the 

network structures is also of a paramount importance in macroeconomic studies, to 

explain systemic risk, stability and economic dynamics as well. For example, the 

topology of the network and the time evolution of its statistical properties induce or 

amplify crisis (Kali and Reyes, 2010; Chinazzi, Fagiolo, Reyes and Schiavo, 2013). 

Following the previous related studiers (Kim and Shin, 2002; Subramanian and 

Matthijs, 2007; Fagiolo, Reyes and Schiavo, 2008; Kali and Reyes, 2010), our 
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international trade network is defined as the network of world-trade relations where 

countries play the role of nodes and are connected by links which refer to import / 

export flow between two countries. Similarly, international capital flow network 

refers to the network of world-capital flow relations where countries play the role of 

nodes and the edges are mutual capital flows relations.  

Comparing to traditional studies of trade and capital flow, network approach shows 

a global view of these two issues. Network indicators show not only the strength of 

one country’s connection with others but also the width of influence of this country 

and how strong the power supported by this country’s partner is. According to the 

network analysis, we can discuss the ability/soft power that one country influences 

the international networks, and how the global trade/capital flow affect one country 

through the network, which is an import factor of system stability. 

Another advantage of network is to show the depth of one country joining the 

integration of economics. Trade integration leads to decline in the sensitivity of 

import prices to the exchange rate and reduction in the volatility of the trade balance 

in some case (Gust, Leduc, and Vigfusson, 2010; Kraay and Ventura, 2002), and 

financial integration has a positive effect on productivity, accelerate economic growth 

and increase correlations in GDP fluctuations (Bonfiglioli, 2008; Edison, Levine, 

Ricci, and Slok, 2002; Imbs, 2006; Kose, Prasad, and Terrones, 2009). Both trade and 

financial integration have a positive effect on the economic volatility and enhance co-

movements across countries (Kose, Prasad, and Terrones, 2006; Shin and Sohn, 

2006). Thus economic integration is important issue to macroeconomics for each 

county, and trade and capital flows are two of methods by which one country attends 

international activities. This paper discusses the extent of one country’s integration in 
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the two networks rather than the volume of trade/capital flows. 

To indicate one country’s importance in the network, the most popular adopted 

measurement to represent a network is the degree centrality, which is an indicator that 

counts the number of links or sums the strength of ties for un-weighted and weighted 

network, respectively (Barrat, Barthelemy, Pastor-Satorras, and Vespignani, 2004; 

Newman, 2004; Opsahl, Colizza, Panzarasa, and Ramasco, 2008). However, such 

measurements have several limitations. (1) It only considers the number of ties or the 

strength of ties, but does not take them as a whole. In other words, the traditional 

measurement does not give a proper weight to balance the number and strength of 

ties. Following Opsahl, Agneessens and Skvoretz (2010), we adopt a turning - 

parameter centrality to deal with this issue.  (2) It only considers the local feature of 

the network, but not from a global perspective. To examine the importance of one 

country, we also need to consider the quality of its partners. We develop one new 

indicator, quality-partner centrality, to reflect the importance of the importance of the 

nodes' neighbors.  

While a large literature exists describing trade relationships in terms of a network 

(see Kim and Shin, 2002; Li, Jin, Chen, 2003, Subramanian and Matthijs, 2007; 

Fagiolo, Reyes and Schiavo, 2008; Kali and Reyes, 2010), few studies take the trade 

and capital flow network as a whole. Schiavo, Reyes, Fagiolo (2010) is the first one 

who describes the structures of the two webs by a network approach, and explains an 

economic problem why recent crisis has spread among countries with various speeds. 

Adopting a panel co-integration technique, we find there exists positive long run 

equilibrium between the trade and financial networks as constructed. Moreover, 

within a panel causality framework, we examine the short run dynamics, indicating 
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that the international capital flow network has predictive power on the trade network 

from the short run perspective, but not the vice versa. 

Section 3.2 describes network indicators generalization, section 3.3 summarizes the 

data and analyzes the relation between two centralities by panel tests, and section 3.4 

is the conclusion. 

3.2. Network Indicators Generalization 

As common sense, a network is any collection of objects in which some pairs of 

objects are connected by links. The nodes represent individuals, organizations or 

countries, and the links refer to communication, cooperation, investment or trade 

relationship between the nodes, which can be differentiated in most settings. In Kali 

& Reyes (2010) and De Benedictis & Tajoli (2011), the authors employ international 

trade data to describe the world network: countries are the nodes in the web, the 

existence of trade between two countries denote the link between these two nodes, 

and the strength of link depends on the value of trade. In the networks we 

constructed, as can be seen in Figure 3.1, the nodes represent countries, and the links 

refer to trade/capital flows, which are strengthened by the increase of volume of 

trade/capital flow. To construct the above networks, we assemble a bilateral data set 

on trade network and financial network. The main source of bilateral data we employ 

in our analysis is two: Direction of Trade Statistics (DOTS) and Coordinated 

Portfolio Investment Survey (CPIS). Data include cross-border trade and portfolio 

investment holdings. Overall, we have complete bilateral data for 48 countries for the 
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period 2001-2011
6
. 

[Figure 3.1 should be insert here] 

To describe the networks, there exist several indicators (see Opsahl, Agneessens 

and Skvoretz, 2010, Kali & Reyes, 2010 and De Benedictis & Tajoli, 2011). Among 

those indicators, centrality belongs to one of the most important indicators. The 

centrality of nodes identifies the extent of importance of the nodes. The simplest one 

is original degree centrality, which is a basic indicator and often used as a first step 

when describing a networks. Higher original degree centrality implies the node is 

more important and deeper involved in the network.  

Freeman (1979) asserted that degree is the number of nodes that a focal node is 

connected to, and original degree centrality can be formalized as follows: 

𝐷𝑖 = ∑ 𝑆𝑖𝑗

𝑁

𝑗

 

where 𝑆𝑖𝑗 is defined as 1 if country 𝑖 has trade or capital flow with country 𝑗. And 

therefore original degree centrality means the sum of all partners via trade or capital 

flow channels. There exists a more complicated measurement in weighted networks. 

Degree centrality in weighted networks considers the strength of ties, equaling to the 

sum of weights, which can be formalized as follows:  

𝑊𝑖 = ∑ 𝐾𝑖𝑗

𝑁

𝑗

 

where 𝐾𝑖𝑗 is defined as the value of trade or capital flow in the ITN or ICFN. Both 

                                                             
6
 Due to the limitation of access of data, especially capital flow data, we get data only from 48 

countries without many important countries, e.g. China. 
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original degree centrality, 𝐷𝑖, and weighed degree centrality, 𝑊𝑖, show the position of 

the country 𝑖  in the international network. Higher value of centrality means more 

important position in the ITN or ICFN. 

[Figure 3.2 should be insert here] 

The above measurements have drawbacks, original degree centrality ignores the 

strength of ties, and the one for weighted networks ignores the number of ties. In one 

case, country A has the same weighted degree centrality in situation 1 and situation 2 

in Figure 3.2. In other words, the width of AD in situation 2 equals to the sum of the 

widths of AB, AC, AD, and AE in situation 1. However, the same weighted degree 

centrality doesn’t show the information that country A has more partners in situation 

1 which implies more deeply involved in the network. For country D, its original 

degree centrality is both 1 in two situations, but the strength is obviously different and 

it is deeper involved in the network in situation 2 than in situation 1. To sum up, both 

original and weighted degree centrality cannot show one country’s position in ITN or 

ICFN from a global view. 

To address the above issue, we extend the weighted networks by combining degree 

and strength following Opsahl, Agneessens and Skvoretz (2010), which can be 

observed in the following equation: 

𝑇𝐶𝑖 = ln [(∑ 𝑆𝑖𝑗)
1−𝛼

∗ (∑ 𝐾𝑖𝑗)
𝛼

]      (3.1) 

where α is a positive tuning parameter that can set according to the research setting 

and data. If this parameter is between 0 and 1, then having more partners is taken as 

favorable, whereas if it is set above 1, having fewer partners is favorable. We call  

𝑇𝐶𝑖 “turning parameter centrality” or “TC” throughout our paper. In this formula, α 
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determines the relative importance of the number of nodes connected with compared 

to the link strength. To make it clearer, we show the effect of α on the value of TC in 

Table 3.1 for the nodes in Figure.3.2. As shown by this table, the importance will be 

various with different α when 𝑆𝑖𝑗 ≠ 𝐾𝑖𝑗 . Generally, α should be smaller than 1 in 

economic network since more partners is always favorable. For example, both the 

number of countries traded with and the value of trade are the signals of involvement 

of one country in the ITN. In the following section, turning parameter α is set to be 

0.5 for simplicity.  

[ Table 3.1 should be insert here ] 

However, TC misses one of the most important features for economic network – 

the influence of partners (Kali and Reyes, 2010).  To address this issue, we develop 

one new indicator, quality-partner centrality statistics (QC), allowing us to take the 

partners’ importance into consideration for each individual countries’ position. 

Considering the example from Figure 3.3, country E in the two situations only 

connect with country A, but country A in situation 2 is highly involved in the network 

but it is alone except link with country E in situation 1. Or you can regard that 

country E only contact with Korea as situation 1 and that it only contact with USA as 

situation 2. At the same time, the strength of link is identical for both two situations. 

Since country E in both two situations link one country with the same weight, 

DE1 = DE2 = 1, WE1 = WE1 = 1, 𝑇𝐶𝐸1 = 𝑇𝐶𝐸2 = 1  for any α, which ignores the 

ability of country E in situation 2 – affecting other countries, B, C, D, indirectly 

through country A.  

[Figure 3.3 should be insert here] 
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To consider the influence of partner, QC is formalized as the following equation: 

𝑄𝐶𝑖 = ∑ 𝑤𝑜𝑖𝑗𝑤𝑖𝑗𝑖𝑇𝐶𝑗
′

𝑗≠𝑖 + 𝑇𝐶𝑖      (3.2) 

where  𝑤𝑜𝑖𝑗 = 𝐾𝑖𝑗/ ∑ 𝐾𝑖𝑘𝑘 , 

 𝑤𝑖𝑗𝑖 = 𝐾𝑖𝑗/ ∑ 𝐾𝑗𝑘𝑘 , 

 𝑇𝐶𝑗
′ = (∑ 𝑆𝑗𝑘𝑘≠𝑗 )1−𝛼 ∗ (∑ 𝐾𝑗𝑘𝑘≠𝑗 )𝛼. 

𝑄𝐶𝑖 is the QC of country 𝑖, qc.ITN or qc.ICFN. 𝑤𝑜𝑖𝑗 , 𝑤𝑖𝑖𝑗  determine the closeness 

between country 𝑖 and country 𝑗. 𝑇𝐶𝑖 denotes TC of country 𝑖, implying the influence 

of country 𝑖 in the network excluding the support of its partner. 𝑇𝐶𝑗
′ refers to the TC 

of country 𝑗 in the network without country 𝑖, imply how much country 𝑖 could affect 

other countries indirectly through country 𝑗. To make it clearer, we report both TC 

and QC of all the nodes in Figure 3.3 in Table 3.2. For the example of situation 1 in 

Figure 3.3, 𝑤𝑜𝐸𝐴1 = 1, 𝑤𝑖𝐴𝐸1 = 1, 𝑇𝐶𝐸1 = 1, 𝑇𝐶𝐴1
′ = 0, 𝑎𝑛𝑑 𝑄𝐶𝐸1 = 1. However, for 

the example of situation 2 in Figure 3.3,  𝑤𝑜𝐸𝐴2 = 1, 𝑤𝑖𝐴𝐸2 = 1/13, 𝑇𝐶𝐸2 =

1, 𝐶𝐴2
′ = 6, 𝑎𝑛𝑑 𝑄𝐶𝐸2 = 19/13, which is larger than 𝑄𝐶𝐸1 . In other words, if you 

only link with one country, the best situation for you is linking with USA, the country 

of highest position in the network.  

[ Table 3.2 should be insert here ] 

To give a clear presentation of differences among the pre-mentioned four types of 

centralities, we use the example of ITN in 2001, which is shown in Figure 3.4. It is 

clear to observe that there is no big difference among 48 countries’ original degree 

centralities of ITN and the difference among 48 countries weighted degree centralities 

are big. The modest variances of turning-parameter and quality-partner centrality 
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represent both the similar number of partners and huge difference in the value of 

trade. For countries with higher turning parameter centrality such as Japan, UK and 

Germany, their quality-partner centralities are  also relatively higher than the average, 

which is because their major partners are also important points in the ITN. 

[Figure 3.4 should be insert here] 

To compare these two networks, we plot the quality-partner centralities of 48 

countries in 2001 in Figure 3.5. Except for 7 countries7, most of countries are deeper 

involved in the trade network than they are in the capital flow network in 2001. The 

difference of variance of countries’ centralities seems to be unclear and non-

significant.  

[Figure 3.5 should be insert here] 

Figure 3.6 displays the time trend of the average quality-partner centralities of two 

networks. Both trade network and capital flow network in 48 countries have an 

increasing trend, and the speed of increase of capital flow network seems to be faster 

than that of trade network. Average capital flow centrality dropped in 2008 due to the 

financial crisis, recover in 2009 and drop again in 2011. Interestingly, average trade 

centrality dropped in the 2009, one year later than capital flow network, and recover 

in the next two year, looking like following the steps of capital flow network.  

[Figure 3.6 should be insert here] 

In Table 3.3, we present summary statistics of the centralities in the trade and 

capital flow networks. We find that the average of countries’ QC in the ITN is higher 

than the one in the ICFN and the similar result could be found for the average of 

                                                             
7
 Denmark, Finland, Greece, Ireland, Norway, Sweden, and Switzerland. 
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countries’ TC. So we state that countries’ position in ITN is better and in ICFN on 

average, which consist with the fact some counties just begin involve in the ICFN or 

still do not open their capital market. Comparing the difference of the mean of TC 

centralities with the difference of the mean of QC, we find that TC in the ITN is 

1.599% higher than TC in the ICFN while QC in the ITN is 4.75% higher than QC in 

the ICFN. The difference is enlarged because of considering the partners’ quality, 

implying the low QC countries’ partner may be low QC as well and the networks may 

be in the presence of an assortative graph.8  The variance of countries’ centralities in 

the capital flow network is much larger than the one in the trade network, consistent 

with the high differentiation of capital management regimes and capital market 

development among the countries.  

[ Table 3.3 should be insert here ] 

3.3. Empirical analysis 

3.3.1. Unit Root Tests and Cointegration Tests 

As we known, trade and capital flow could be related positively (see Mundell, 

1957) or negatively (see Antras and Caballero, 2007; Jin, 2012). To investigate the 

relationship between one country’s position in the ITN and ICFN, we follow the 

Westerlund (2007) cointegration test to check the long run equilibrium as the first 

step, and then a panel causality test is adopted to show the short run dynamics.  

A common step before cointegration is to check whether all series are stationary. In 

this paper, we employ Breitung (2000; Breitung and Das 2005), Levin-Lin-Chu 

                                                             
8
 The network is said to be assortative when low-degree nodes have the tendency to establish relations with partners characterized by 

low degree (See Fagiolo, G., Reyes, J., & Schiavo, S., (2008), Schiavo, S., Reyes, J., Fagiolo, G. (2010)). 
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(LLC)(2002), and Harris-Tsavalis (HT)(1999) panel unit root test to investigate the 

order of key panels. These three tests assume that all panels share the same 

autoregressive parameter and have as the null hypothesis that all the panels contain a 

unit root. Both the LLC and HT tests fit a regression first and then adjust the 

autoregressive parameter or its t-statistic to compensate for the bias, while Breitung 

adjust the data before computing the test to avoid the bias adjustments. According to 

Breitung (2000), bias-corrected statistics in LLC and HT tests may suffer from low 

power particulatly when autoregressive parameter near one and panel-specific effects 

are included. However, the Breitung (2000) test statistic exhibits higher power in 

these cases. Furthermore, Breitung test has better power statistic with small datasets 

than LLC and HT tests do. Since the limitation of dataset in our paper, we conclude 

the results of stationary of all panels mainly based on Breitung test. In Table 3.4, p-

values of Breitung tests with the null hypothesis that the quality-partner centralities of 

ITN/ICFN contain unit roots are near 1, implying the level data of qc.ITN and 

qc.ICFN are not stationary. At the same time, the p-values of all tests for the first 

difference of qc.ITN and qc.ICFN are close to 0, implying qc.ITN and qc.ICFN are 

integrated at level one at 1% significant level. We also test turning-parameter 

centralities of ITN and ICFN and these panels are I(1) as well. 

[ Table 3.4 should be insert here ] 

We follow the Westerlund error-correction-based panel cointegration test (see, 

Westerlund, 2007) to test the existence of long-run equilibrium.  Westerlund (2007) 

proposes four panel ECM tests, which are designed to test the null hypothesis of no 

cointegration by testing whether the error correct term in an conditional ECM is equal 

to zero. These tests are more powerful than the residual-based test as proposed by 
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Pedroni (see, Westerlund, 2007). Consider the following model: 

𝑑. 𝐼𝑇𝑁𝑖𝑡 = 𝑐0 + 𝑎𝑖1 ∗ 𝑑. 𝐼𝑇𝑁𝑖𝑡−1 + 𝑎𝑖2 ∗ 𝑑. 𝐼𝑇𝑁𝑖𝑡−2 + ⋯ + 𝑎𝑖𝑝 ∗ 𝑑. 𝐼𝑇𝑁𝑖𝑡−𝑝 

+𝑏𝑖0 ∗ 𝑑. 𝐼𝐶𝐹𝑁𝑖𝑡 + 𝑏𝑖1 ∗ 𝑑. 𝐼𝐶𝐹𝑁𝑖𝑡−1 + ⋯ + 𝑏𝑖𝑝 ∗ 𝑑. 𝐼𝐶𝐹𝑁𝑖𝑡−𝑝 

+𝑎𝑖(𝐼𝑇𝑁𝑖𝑡−1 − 𝑏𝑖 ∗ 𝐼𝐶𝐹𝑁𝑖𝑡−1) + 𝑒𝑖𝑡     (3.3) 

where 𝐼𝑇𝑁𝑖𝑡  and 𝐼𝐶𝐹𝑁𝑖𝑡  are the QC or TC of the centralities of country 𝑖  in two 

networks at year 𝑗, “𝑑.” refers to the first difference data, 𝑝 is the selected lag length, 

and 𝑒𝑖𝑡 is error term.  

𝑎𝑖  provides an estimate of the speed of error-correction towards the long run 

equilibrium for that series 𝑖 . The speed of error-correction denotes the speed of 

adjustment that two panels reach the long-run stable points. The results of four types 

of Westerlund panel cointegration tests  are reported in Table 3. The Ga and Gt 

statistics test H0: 𝑎𝑖 = 0 for all i versus  H0: 𝑎𝑖 < 0 for at least one 𝑖. These statistics 

start from a weighted average of the individually estimated  𝑎𝑖 's and their t-ratio's, 

respectively. The Pa and Pt test statistics pool information over all the cross-sectional 

units to test H0: 𝑎𝑖 = 0 for all i versus  H0: 𝑎𝑖 < 0 for all i.  

According to the average Akaike Information Criterion (AIC), which is used to 

determine an optimal lag length, we pick the lag length one in our model. From Table 

3.5, we conclude that at least for one country its position in ITN is cointegrated to its 

position in ICFN when we consider countries as different individuals, and that the 

null hypothesis that all countries’ positions in ITN are not cointegrated to their 

positions in ICFN is also rejected when we pool all countries over all ignoring 

individual various. The conclusion is consistent even when we exclude the influence 

of partner. In other word, we get the same conclusion using turning-parameter 
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centralities instead of quality-partner centralities. We further consider direction of 

links by separating ITN to export network and import network and separating ICFN 

to capital outflow network and capital inflow network to test the difference between 

networks with different directions. Using directional turning-parameter centralities, 

we find that no cointegration is also rejected except for between export/import 

turning-parameter centrality and ICFN turning-parameter centrality. For the long run 

relationship between export/import turning-parameter centrality and ICFN turning-

parameter centrality, we only reject null hypothesis in the grouped estimation and 

cannot reject it in the pooled estimation, implying that export/import centrality and 

ICFN centrality may have no long run equilibrium if we ignore the variety of 

individuals.  Since it is too complicate to describe the influence of partners’ quality 

with direction, we don't employ directional centrality on quality-partner centrality as 

well, and use directional turning-parameter centrality as robust test. 

[ Table 3.5 should be insert here ] 

After rejection of the null hypothesis of no cointegration, we further detect the 

direction of the cointegration relation. We employ panel Fully Modified OLS 

(FMOLS) to test the cointegration relation between two networks with simple pooled 

and grouped estimation.  

Consider the following cointegrated system for a country of 𝑖 = 1, 2, … , N: 

𝐼𝑇𝑁𝑖𝑡 = 𝛼𝑖 + 𝛽 ∗ 𝐼𝐶𝐹𝑁𝑖𝑡 + 𝜇𝑖𝑡      (3.4) 

𝐼𝐶𝐹𝑁𝑖𝑡 = 𝐼𝐶𝐹𝑁𝑖𝑡−1 + 휀𝑖𝑡  

where (𝐼𝑇𝑁𝑖𝑡, 𝐼𝐶𝐹𝑁𝑖𝑡)′~𝐼(1) and (𝜇, 휀𝑖𝑡)′~𝐼(0).  

Similar to Pa and Pt in the Westerlund test mentioned above, pooled estimation 
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considers all cross-country units as a whole using only a constant as the cross-section 

specific trend regressor, implying 𝐻0: 𝛽𝑖 = 0, ∀𝑖, and  𝐻𝐴: 𝛽𝑖 = 𝛽𝐴 ≠ 0, ∀𝑖, and 𝛽𝐴 is 

the average of 𝛽𝑖. Similar to Ga and Gt in the Westerlund test, grouped estimation 

allows individual difference across countries computing the cross-section average of 

the individual cross-section FMOLS estimates, implying 𝐻0: 𝛽𝑖 = 0, ∀𝑖, and  𝐻𝐴: 𝛽𝑖 ≠

0, ∀𝑖. The results of FMOLS are reported in Table 3.6. 

We find that all coefficients are significantly positive, implying one country with 

increasing position in ICFN tend to be one with increasing position in ITN in the long 

run as well. The positive coefficients of the pooled estimation imply the existence of 

common stochastic trend with the same direction based on the assumption that 

cointegration is common across countries. Based on the assumption that cointegration 

is heterogeneous and independent across countries, we find that at least in one 

country trade network and capital flow network have common stochastic trends with 

the same direction according to the positive coefficients of grouped estimation. 

Therefore, our results mean that increasing trade centralities will not reduce the 

incentive of increasing capital flows, which is consistent with Antras and Caballero 

(2007).  

[ Table 3.6 should be insert here ] 

3.3.2. VAR and Causality Tests 

Besides long run relation between these two kinds of network, we test the short run 

dynamics as well. Based on a panel-data vector autoregression methodology 

following Love and Zicchino (2006), we test the casual relationship between trade 

and capital flow networks. This technique combines the traditional VAR and causality 
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approach with the panel-data approach, which allows for unobserved individual 

heterogeneity. A first order panel causality model is depicted as follows: 

𝑌𝑖𝑡 = 𝛾0 + 𝛾1𝑌𝑖𝑡−1 + 𝛾2𝑌𝑖𝑡−2 + 𝛾1𝑌𝑖𝑡−1 + ⋯ + 𝛾𝑝𝑌𝑖𝑡−𝑝 + 𝑓𝑖 + 𝑑𝑡 + 𝑒𝑡 (3.5) 

where 𝑌𝑡 is either a main variable vector {qc.ITN, qc.ICFN, tc.ITN, tc.ICFN}, 𝑌𝑖𝑡−𝑝 is 

the 𝑝th lag term of 𝑌𝑡, 𝑓𝑖 denotes fixed effect, 𝑑𝑡 denotes time dummy, and 𝑒𝑡 is the 

error term. “qc.ITN”, which is short for trade quality-partner centrality, is an indicator 

for one country’s position in the trade network; and “qc.ICFN”, which is short for 

capital flow quality-partner centrality, is our indicator to represent the importance of 

one country in the capital flow network. And the lag length, p, is selected according 

to MAIC, MBIC and MQIC.9 Since the variables are non-stationary and integrated at 

level one (see Table 4), we use first difference instead of level data in this model. 

Applying the causality test to panel data, we need to impose the restriction that 

underlying structure is the same for each country. Since this constraint is likely to be 

violated in practice, one way to overcome the restriction on parameters is to allow for 

“individual heterogeneity” in the levels of the variables by introducing fixed effects, 

denoted by 𝑓𝑖 in the model to capture aggregate, country-specific macro factors that 

may affect the position of each country. And the fixed effects may be correlated with 

regressors due to lags of the dependent variables, so ‘Helmert procedure’ is used 

(Arellnao and Bover, 1995; Love and Zicchino, 2006)10. After this transformation, we 

can use lagged regressors as instruments and estimate the coefficients by system 

                                                             
9
 MMSC-Akaike’s information criterion (MAIC), MMSC-Bayesian information criterion MBIC), and MMSC-Hannan and Quinn information 

criterion (MQIC) for a series of panel vector autoregressions developed by Andrews and Lu (2001). 
10

 Helmer procedure, forward mean-differencing, removes only the forward mean, i.e. the mean of all the future observations available 

for each country-year, while common mean-differencing procedure is to eliminate fixed effects by removing the mean of the current 
observations for each country. 
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Generalized Method of Moments (GMM) 11. The system GMM is general estimators 

designed for independent variables that are not correlated with past and possibly 

current realizations of the error, and for fixed effects, heteroskedasticity and 

autocorrelation are within individuals. And it is also suit for situations with few time 

periods and many individuals, which is similar to our case. 

𝑑𝑡 is time dummies, which are added to model to capture global shocks that may 

affect all countries in the same time. These dummies are eliminated by subtracting the 

means of each variable calculated for each country-year.  

In Table 3.7, we find that the capital flow centrality has significantly positive 

predicative power on the trade centrality at 5% significant level, while the trade 

centrality has insignificantly positive predict power on the capital flow centrality. 

This means the change of one country’s position in ICFN could predict the change of 

its position in ITN. However, the short-run change of position in ITN does not be 

Granger caused by the change of position in ICFN.  

[ Table 3.7 should be insert here ] 

To further discuss the short dynamics between trade centrality and capital flow 

centrality with direction, we test causality between turning-parameter centralities of 

two networks with both directions, and report the results in Table 3.8. The results are 

consistent with those of quality-partner centralities. Interestingly, we find that 

increase of one country’s position in the export network tends to an increase of this 

country’s position in the capital outflow network in the next period.  

This finding improves the phenomenon that the trade surplus countries finance the 

                                                             
11

 Follow Love and Zicchino (2006), in our case the model is “just identified”, i.e., the number of instruments is the same as the number 

of regressors, so system GMM is numerically equivalent to equation-by-equation 2SLS. 
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trade deficit country’s deficit using the trade surplus in the form of portfolio 

investment. The countries with important export position in the world are easier to 

become important in the capital outflow world.  

[ Table 3.8 should be insert here ] 

3.4. Conclusion 

This paper constructs a complex network degree centrality indicator to describe the 

country’s position in the ITN and ICFN networks. Three dimensions of network are 

considered in this indicator. They are the number of partners, the strength of ties 

linking to partners, and partners’ quality. To analyze the relationship between one 

country’s position in the ITN and its position in the ICFN, this paper mainly adopts 

panel cointegration tests (Westerlund & FMOLS) and Granger causality tests based 

on panel Vector Autoregression tests (Love and Zicchino, 2006), discussing both the 

long-run and short-run relation between the centralities of ITN and ICFN for different 

countries.  

We at first conclude that there exists a positive long-run equilibrium between one 

country’s position in ITN and ICFN. Countries with more important positions in ITN 

are always with higher positions in ICFN as well.  So we may predict that emerging 

countries’ position in ICFN will increase in the long-run while they become more and 

more important in the ITN, and that developed countries who are most important 

points in the ICFN will not be replaced in the ITN in the long-run since their consist 

positions in the ICFN.  

The second conclusion we get is: the change of importance of one country in the 



60 
 

ICFN Grange cause the change of its importance in the ITN in the short run, and the 

change of importance of one country in the ITN does not Grange cause the change of 

importance in the ICFN. It means the country with important position in the capital 

flow market is helpful for it to improve its trade positon through supplying the trade 

financing, but  the temporary increase of the importance in ITN does not help the 

country improve its importance in the ICFN. 
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Table 1.1: Descriptive Statistics of the price index and return of stock 

index 

Panel A: One year before and/or after stock exchange merger 

  Variable N Mean Min Max Std.Dev 

      Price Return Price Return Price Return Price Return 

Combined Cop 419 415.087 -0.163 233.945 -11.721 517.671 10.586 86.473 2.182 

 
Hel 419 2603.797 -0.204 1254.775 -8.906 3379.03 9.286 651.039 2.153 

 
Riga 419 547.645 -0.262 210.556 -9.738 764.497 9.157 161.806 1.766 

 
Sto 419 988.065 -0.142 567.613 -7.512 1311.872 11.066 228.714 2.244 

 
Vil 419 423.762 -0.27 161.268 -9.111 591.436 11.001 129.826 1.759 

 
Tal 419 656.521 -0.277 260.189 -7.046 991.611 7.603 233.178 1.64 

 
AOMX 419 939.146 -0.220 461.426 -7.629 1239.32 6.587 245.284 1.517 

  NASDAQ 419 2291.399 -0.123 1316.12 -9.588 2859.12 11.159 417.943 2.242 

Before Cop 210 478.490 -0.053 391.124 -6.699 517.671 3.744 26.350 1.336 

 
Hel 210 3129.462 -0.048 2503.433 -4.797 3379.030 6.916 169.782 1.419 

 
Riga 210 681.379 -0.094 535.159 -9.738 764.497 4.386 52.839 1.285 

 
Sto 210 1182.711 -0.095 921.284 -4.133 1311.872 3.965 91.379 1.446 

 
Vil 210 524.096 -0.035 452.761 -6.533 591.436 3.144 34.037 1.083 

 
Tal 210 860.223 -0.141 627.225 -6.112 991.611 3.134 89.380 1.166 

 
AOMX 210 1142.727 -0.077 911.454 -4.552 1239.32 2.204 68.614 0.930 

  NASDAQ 210 2582.087 -0.005 2292.270 -3.839 2859.120 3.406 121.941 1.249 

After Cop 209 351.381 -0.274 233.945 -11.721 468.661 10.586 78.694 2.783 

 
Hel 209 2075.618 -0.360 1254.775 -8.906 2939.774 9.286 513.341 2.692 

 
Riga 209 413.271 -0.431 210.556 -7.859 543.192 9.157 116.655 2.134 

 
Sto 209 792.487 -0.190 567.613 -7.512 1036.856 11.066 141.588 2.831 

 
Vil 209 322.949 -0.507 161.268 -9.111 468.460 11.001 111.049 2.219 

 
Tal 209 451.845 -0.413 260.189 -7.046 641.255 7.603 131.347 2.001 

 
AOMX 209 734.592 -0.362 461.426 -7.629 997.776 6.587 179.691 1.928 

  NASDAQ 209 1999.320 -0.241 1316.120 -9.588 2533.730 11.159 406.275 2.916 
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Panel B: Three years before and/or after stock exchange merger 

  Variable N Mean Min Max Std.Dev 

      Price Return Price Return Price Return Price Return 

Combined Cop 1336 386.488 0.028 213.113 -11.721 517.671 10.586 68.585 1.59 

 
Hel 1336 2354.08 0.021 1189.091 -8.906 3379.03 9.286 512.892 1.657 

 
Riga 1336 483.633 0.008 203.157 -9.738 764.497 10.18 157.433 1.591 

 
Sto 1336 969.304 0.028 567.613 -7.512 1311.872 11.066 166.667 1.657 

 
Vil 1336 381.602 0.013 149.964 -9.111 591.436 11.001 110.116 1.435 

 
Tal 1336 609.36 0.025 244.991 -7.046 1043.29 12.095 185.545 1.404 

 
AOMX 1336 864.078 0.021 436.343 -7.629 1239.32 6.587 190.423 1.125 

  NASDAQ 1336 2232.037 0.026 1268.64 -9.588 2859.12 11.159 316.366 1.606 

Before Cop 668 412.257 0.040 306.250 -6.699 517.671 3.744 57.410 1.090 

 
Hel 668 2635.243 0.048 1852.999 -4.797 3379.030 6.916 439.977 1.154 

 
Riga 668 613.890 0.041 422.915 -9.738 764.497 4.929 83.356 1.121 

 
Sto 668 1027.044 0.031 748.240 -4.882 1311.872 5.349 154.577 1.205 

 
Vil 668 459.814 0.046 335.853 -6.533 591.436 4.216 61.528 1.051 

 
Tal 668 735.038 0.024 534.855 -6.112 1043.290 5.569 127.185 0.959 

 
AOMX 668 980.548 0.038 725.930 -4.552 1239.32 2.204 147.240 0.726 

  NASDAQ 668 2329.348 0.023 1904.180 -3.936 2859.120 4.366 220.080 1.027 

After Cop 668 360.718 0.015 213.113 -11.721 475.021 10.586 69.200 1.968 

 
Hel 668 2072.916 -0.005 1189.091 -8.906 2939.774 9.286 417.837 2.040 

 
Riga 668 353.377 -0.025 203.157 -7.859 543.192 10.180 93.140 1.952 

 
Sto 668 911.565 0.025 567.613 -7.512 1179.295 11.066 158.194 2.011 

 
Vil 668 303.391 -0.019 149.964 -9.111 468.460 11.001 90.727 1.736 

 
Tal 668 483.683 0.026 244.991 -7.046 786.422 12.095 145.233 1.740 

 
AOMX 668 747.608 0.003 436.343 -7.629 997.776 6.587 154.030 1.415 

  NASDAQ 668 2134.725 0.030 1268.640 -9.588 2833.950 11.159 364.584 2.027 
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Panel C: Five years before and after stock exchange merger 

  Variable N Mean Min Max Std.Dev 

      Price Return Price Return Price Return Price Return 

Combined Cop 2273 370.602 0.047 169.04 -11.72 556.876 10.586 87.817 1.417 

 
Hel 2273 2141.021 0.031 1100.381 -8.906 3379.03 9.286 525.714 1.579 

 
Riga 2273 429.502 0.032 203.157 -9.738 764.497 10.18 142.039 1.351 

 
Sto 2273 918.075 0.041 432.36 -7.512 1311.872 11.066 200.033 1.546 

 
Vil 2273 336.379 0.06 92.385 -11.94 591.436 11.001 115.546 1.289 

 
Tal 2273 556.602 0.057 204.11 -7.046 1043.29 12.095 191.942 1.29 

 
AOMX 2273 792.030 0.045 368.058 -7.629 1239.32 6.587 200.010 1.008 

  NASDAQ 2273 2284.257 0.04 1268.64 -9.588 3213.59 11.159 423.65 1.484 

Before Cop 1141 346.173 0.073 169.040 -6.699 517.671 3.744 92.067 1.031 

 
Hel 1141 2181.587 0.074 1100.381 -4.797 3379.030 6.916 649.357 1.090 

 
Riga 1141 488.304 0.087 203.730 -9.738 764.497 4.967 166.237 1.034 

 
Sto 1141 867.496 0.062 432.360 -4.882 1311.872 5.349 229.725 1.186 

 
Vil 1141 350.069 0.140 92.385 -6.533 591.436 4.536 143.311 1.016 

 
Tal 1141 563.974 0.099 204.110 -6.112 1043.290 7.179 230.223 0.979 

 
AOMX 1141 7.99.601 0.089 368.058 -4.552 1239.32 2.204 248.499 0.669 

  NASDAQ 1141 2140.534 0.051 1278.370 -3.936 2859.120 4.698 311.455 1.113 

After Cop 1132 395.226 0.022 213.113 -11.72 556.876 10.586 75.757 1.720 

 
Hel 1132 2100.132 -0.012 1189.091 -8.906 2939.774 9.286 356.147 1.951 

 
Riga 1132 370.232 -0.024 203.157 -7.859 543.192 10.180 75.298 1.606 

 
Sto 1132 969.056 0.020 567.613 -7.512 1205.099 11.066 148.338 1.839 

 
Vil 1132 322.579 -0.021 149.964 -11.94 468.460 11.001 75.754 1.512 

 
Tal 1132 549.172 0.016 244.991 -7.046 786.422 12.095 143.088 1.540 

 
AOMX 1132 784.400 0.0002 436.343 -7.629 997.776 6.587 134.174 1.259 

  NASDAQ 1132 2429.122 0.029 1268.640 -9.588 3213.590 11.159 470.027 1.781 

Note: Cop, Hel, Riga, Sto, Vil, and Tal represent Copenhagen 20 price, Helsinki 25 price, Riga_GI 

price, Stockholm 30 index price, Vilnius_GI price, and Tallinn_GI price, respectively. AOMX is the 

average of the 6 OMX indexes.  
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Table 1.2 Unit-root tests for the levels and differences of stock price 

series 

 
  1 year 3 year 5 year 

Period Series Level Difference Level Difference Level Difference 

Combined Cop 0.8211 <.0010*** 0.6898 <.0010*** 0.5075 <.0010*** 

 
Hel 0.5233 <.0010*** 0.8022 <.0010*** 0.5232 <.0010*** 

 
Riga 0.0542 <.0010*** 0.9844 <.0010*** 0.6432 <.0010*** 

 
Sto 0.7644 <.0010*** 0.6915 <.0010*** 0.3956 <.0010*** 

 
Vil 0.3358 <.0010*** 0.8982 <.0010*** 0.3410 <.0010*** 

 
Tal 0.2268 <.0010*** 0.8752 <.0010*** 0.5627 <.0010*** 

 AOMX 0.9983 <.0010*** 0.9429 <.0010*** 0.6890 <.0010*** 

 
NASDAQ 0.8150 <.0010*** 0.8089 <.0010*** 0.4858 <.0010*** 

Before Cop 0.9684 <.0010*** 0.4868 <.0010*** 0.3840 <.0010*** 

 

Hel 0.9337 <.0010*** 0.6070 <.0010*** 0.5161 <.0010*** 

 

Riga 0.8964 <.0010*** 0.4604 <.0010*** 0.2534 <.0010*** 

 

Sto 0.9603 <.0010*** 0.6697 <.0010*** 0.4795 <.0010*** 

 

Vil 0.9550 <.0010*** 0.3603 <.0010*** 0.6339 <.0010*** 

 

Tal 0.7658 <.0010*** 0.6289 <.0010*** 0.5272 <.0010*** 

 AOMX 0.9051 <.0010*** 0.7156 <.0010*** 0.7169 <.0010*** 

 

NASDAQ 0.5516 <.0010*** 0.7176 <.0010*** 0.6839 <.0010*** 

After Cop 0.7233 <.0010*** 0.9812 <.0010*** 0.9841 <.0010*** 

 

Hel 0.4467 <.0010*** 0.8723 <.0010*** 0.4964 <.0010*** 

 

Riga 0.2264 <.0010*** 0.5842 <.0010*** 0.4388 <.0010*** 

 

Sto 0.6860 <.0010*** 0.9820 <.0010*** 0.8769 <.0010*** 

 

Vil 0.2219 <.0010*** 0.7914 <.0010*** 0.6676 <.0010*** 

 

Tal 0.3538 <.0010*** 0.9900 <.0010*** 0.9900 <.0010*** 

 AOMX 0.9631 <.0010*** 0.8230 <.0010*** 0.8218 <.0010*** 

 

NASDAQ 0.7081 <.0010*** 0.9885 <.0010*** 0.9601 <.0010*** 

Note: p-values are reported in this table. *, **, and *** denote the significance at the 10%, 5% and 1% 

levels, respectively. 
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Table 1.3 Estimation of the GARCH(1,1) model with dummy variables 

  NASDAQ with Garch model 

  𝛿 𝜹𝟏 𝜹𝟐 𝜹𝟑 𝑤 𝛽1 𝛾1 𝝋 ADF 

1 year 
        

  

Cop 127.137*** 0.138*** -149.95*** 0.049*** 9.368* 0.628*** 0.289* 15.98* 0.0003 

Hel 1526*** 0.636*** -1830*** 0.540*** 9728*** 0.555** -6E-23*** -1.1E-23*** 0.0021 

Riga 145.192*** 0.210*** -319.36*** 0.076*** 37.297** 0.952*** 0.049 68.10** 0.0039 

Sto 2539*** -0.502*** -2329*** 0.785*** 462.84*** 0.917*** 9E-20*** -3.3E-23*** 0.0003 

Vil -35.331* 0.218*** -163.11*** 0.041*** 48.867*** 0.845*** 0.095 30.9 <0.0001 

Tal 1468*** -0.220*** -1633*** 0.527*** 505.56*** 0.650*** 9E-19*** 2.8E-23*** 0.0009 

AOMX 1031*** 0.054*** -1199*** 0.398*** 60.368** 0.599*** 0.348*** 28.262 0.0014 

3 year 
        

  

Cop -173.86*** 0.251*** 142.50*** -0.069*** 13.443*** 0.648*** 0.339*** -1.4E-17*** <0.0001 

Hel -2081*** 2.041*** 1955*** -1.031*** 461.16*** 0.660*** 0.347*** -1.2E-19*** 0.0002 

Riga 49.645*** 0.246*** -59.15*** -0.090*** 44.018*** 1.009*** 0.002 -4.0E-19*** 0.001 

Sto -967.86*** 0.859*** 1076*** -0.478*** 70.180*** 0.600*** 0.365*** 4.5E-23*** 0.0036 

Vil -137.12*** 0.257*** 52.29*** -0.077*** 46.171*** 0.920*** 0.063 3.5E-22*** 0.0002 

Tal -283.73*** 0.427*** -0.07 -0.060*** 90.354*** 0.874*** 0.0989* 2.8 0.0002 

AOMX -802.00*** 0.764*** 726.57*** -0.376*** 163.42*** 0.988*** -2E-17*** 9.4E-21*** 0.0001 

5 year 
        

  

Cop -241.944*** 0.312*** 342.00*** -0.158*** 19.392*** 0.701*** 0.289*** 1.2E-17*** <0.0001 

Hel -2015*** 2.247*** 3550*** -1.816*** 2272*** 0.859*** 0.045 -4.1E-23*** 0.0001 

Riga -781.717*** 0.460*** 771.44*** -0.419*** 7.835*** 0.709*** 0.338*** -1.3E-17*** 0.0008 

Sto -752.273*** 0.758*** 1209*** -0.546*** 189.61*** 0.882*** 0.025 8.5E-23*** 0.0003 

Vil -545.618*** 0.345*** 551.50*** -0.285*** 11.028*** 0.615*** 0.406*** -1.4E-20*** 0.006 

Tal -1258*** 0.727*** 909.34*** -0.479*** 88.737*** 1.124*** 0.03 -4.2E-23*** <.0001 

AOMX -892.59*** 0.802*** 1251*** -0.645*** 70.873*** 0.778*** 0.226*** -1.1E-23*** 0.0005 

Note: We exclude the period of February 1, 2008 to March 31, 2008, since the effect of merger may 

began before or after the data of merger as the results of different expectation of the merger date in 

different markets. Iceland is excluded as well due to complicate financial problems during ten analyzed 

periods. Dt is a dummy variable equaling to 1 if time is after the merger date. Six OMX indexes are 

regarded as dependent variables and NASDAQ index is regards as independent variable. *, **, and *** 

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

Yt = δ + δ1Xt + δ2Dt + δ3Xt ∗ Dt + εt 

εt = √htet 

ht = w + β1εt−1
2 + γ1ht−1 + φDt 
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Table 1.4a Estimation of the GARCH(1,1) model of NASDAQ leading OMX 

using sub-period samples 

  Before the merger 

 
δ′ δ1′ w′ β1′ γ1′ ADF 

1 year 
     

  

Cop 126.344*** 0.139*** 10.272* 0.894*** 0.142 0.5757 

Hel 1513*** 0.644*** 680.98*** 0.772*** 0.188 0.5541 

Riga 242.787*** 0.173*** 29.098* 1.058*** -2.3E-20*** 0.5209 

Sto 892.712*** 0.132*** 201.71*** 1.012*** 8.28E-23*** 0.9196 

Vil -38.530** 0.219*** 49.787** 0.871*** 0.077 0.0163** 

Tal 922.394*** -0.007 8.804 0.805*** 0.268*** 0.9561 

AVOMX 484.317*** 0.266*** 27.275* 1.002*** 0.110 0.9650 

3 year 
     

  

Cop -164.995*** 0.247*** 17.898*** 0.750*** 0.208*** 0.0002*** 

Hel -2007*** 2.007*** 600.247** 0.568*** 0.406*** 0.0063*** 

Riga 51.637*** 0.245*** 45.292*** 1.026*** -6.5E-23*** 0.0176*** 

Sto -753.058*** 0.773*** 149.504*** 0.739*** 0.211 0.0849* 

Vil -137.945*** 0.257*** 47.228*** 0.927*** 0.061 0.0036*** 

Tal 48.605*** 0.273*** 43.429*** 1.017*** 5.10E-19*** 0.1606 

AVOMX -678.746*** 0.713*** 102.52*** 0.718*** 0.247*** 0.0060*** 

5 year 
     

  

Cop -241.691*** 0.278*** 20.176*** 0.794*** 0.193** 0.0023*** 

Hel -2319*** 2.010*** 1044*** 0.828*** 0.173* 0.0003*** 

Riga -655.719*** 0.535*** 102.273*** 0.883*** 0.121  0.0020*** 

Sto -753.704*** 0.764*** 110.188*** 0.777*** 0.226*** 0.0037*** 

Vil -476.003*** 0.386*** 58.118*** 0.852*** 0.151* 0.0119** 

Tal -929.856*** 0.706*** 217.909*** 0.992*** 0.003 0.0050*** 

AVOMX -901.095*** 0.805*** 130.922*** 0.841** 0.155** 0.0017*** 
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  After the merger 

 δ′ δ1′ w′ β1′ γ1′ ADF 

1 year 
 

     Cop -24.398*** 0.188*** 28.527 0.427*** 0.349 0.0003*** 

Hel -388.347*** 1.219*** 383.069* 0.545*** 0.454*** 0.0354** 

Riga -174.119*** 0.286*** 103.25*** 0.895*** 0.072 0.0274** 

Sto 200.689*** 0.286*** 94.422* 0.567** 0.371** 0.0264** 

Vil -198.607*** 0.260*** 77.923*** 0.831*** 0.109 0.0006*** 

Tal -151.169*** 0.302*** 97.765** 0.731*** 0.223 0.0017*** 

AVOMX -159.547*** 0.447*** 24.310 0.331*** 0.651*** 0.0125** 

3 year 
      

Cop 1.039 0.171*** 11.180** 0.559*** 0.422*** 0.0152** 

Hel -389.741*** 1.124*** 268.954*** 0.633** 0.375*** 0.0047*** 

Riga 13.249*** 0.147*** 31.241*** 0.926*** 0.089 0.0177** 

Sto 82.275*** 0.394*** 37.568*** 0.596*** 0.405*** 0.0865* 

Vil -85.666*** 0.180*** 26.432*** 0.859*** 0.1422 0.0054*** 

Tal -274.025*** 0.362*** 133.873*** 0.857*** 0.101 0.0043*** 

AVOMX -69.227*** 0.385*** 21.187** 0.539*** 0.472*** 0.0060*** 

5 year 
      

Cop -2.147 0.162*** 12.804*** 0.763*** 0.248*** 0.0125** 

Hel 934.153*** 0.439*** 421.680*** 0.746** 0.264*** 0.0112** 

Riga 273.629*** 0.039*** 4.156*** 0.601*** 0.403*** 0.0098*** 

Sto 498.320*** 0.202*** 55.026*** 0.918** 0.101 0.0810* 

Vil -57.265*** 0.162*** 25.861*** 0.853*** 0.150** 0.0387** 

Tal 168.401*** 0.166*** 39.652*** 0.760*** 0.239** 0.0993* 

AVOMX 171.259*** 0.226*** 32.779*** 0.843** 0.162* 0.0115** 

Note: This table reports the results of GARCH model using subsamples – one, three and five year 

before and after the merger of NASAQ with OMX. Coefficients and p-value of standardize residuals 

are reported in this table. Six OMX indexes are regarded as dependent variables and NASDAQ index 

is regards as independent variable. *, **, and *** denote the significance of ADF tests at 10%, 5% and 

1% levels respectively. 

𝑌𝑡 = 𝛿′ + 𝛿1′𝑋𝑡 + 𝑢𝑡 

𝑢𝑡 = √𝑔𝑡𝑣𝑡 

𝑔𝑡 = 𝑤′ + 𝛽1′𝑢𝑡−1
2 + 𝛾1′𝑔𝑡−1 
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Table 1.4b Estimation of the GARCH(1,1) model of OMX leading NASDAQ 

using sub-period samples 

  Before the merger 

  δ′ δ1′ w′ β1′ γ1′ ADF 

1 year 

      Cop 1018*** 3.292*** 119.414 0.620** 0.393** 0.0314** 

Hel 1144*** 0.454*** 173.728 0.483** 0.484*** 0.0533* 

Riga 1217*** 2.013*** 406.228** 0.911*** 0.109 0.0130** 

Sto 2540*** 0.036 722.195** 0.709*** 0.207* 0.0404** 

Vil 841.886*** 3.311*** 766.667** 0.867*** 0.081 0.0036*** 

Tal 2872*** -0.321*** 915.554*** 0.900*** -3.2E-23*** 0.0808* 

AVOMX 1338*** 1.059*** 312.330*** 0.637** 0.296* 0.0747* 

3 year 

      Cop 850.742*** 3.583*** 327.446*** 0.765*** 0.176* 0.0002*** 

Hel 1223*** 0.416*** 164.088*** 0.685*** 0.287*** 0.0072*** 

Riga 1225*** 1.811*** 405.895*** 0.975*** 0.023 0.0249** 

Sto 1249*** 1.030*** 169.111*** 0.734*** 0.242*** 0.0828* 

Vil 1047*** 2.805*** 437.996*** 0.710*** 0.242*** 0.0081*** 

Tal 1317*** 1.378*** 492.209*** 0.971*** -1.1E-18*** 0.0319** 

AVOMX 1095*** 1.261*** 185.762*** 0.824*** 0.158* 0.0076*** 

5 year 

      Cop 1079*** 3.036*** 265.831*** 0.774*** 0.207*** 0.0002*** 

Hel 1299*** 0.391*** 226.599*** 0.788*** 0.199*** <0.0001*** 

Riga 1574*** 1.094*** 393.139*** 1.006*** 1.7E-19*** 0.0027*** 

Sto 1307*** 0.976*** 189.661*** 0.798*** 0.195*** 0.0005*** 

Vil 1478*** 1.932*** 458.857*** 0.930*** 0.046 0.0008*** 

Tal 1529*** 1.075*** 317.163*** 0.908** 0.099 0.0007*** 

AVOMX 1218*** 1.138*** 196.874*** 0.762*** 0.219** 0.0004*** 
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  After the merger 

  δ′ δ1′ w′ β1′ γ1′ ADF 

1 year 
 

     Cop 183.391*** 5.152*** 990.075 0.385** 0.312 0.0003*** 

Hel 487.751*** 0.706*** 108.387 0.371** 0.615*** 0.1649 

Riga 733.367*** 3.094*** 1073*** 0.845*** 0.149* 0.0257** 

Sto -71.389*** 2.523*** 357.532 0.548** 0.453*** 0.2518 

Vil 793.452*** 3.748*** 1210*** 0.821*** 0.112 0.0005*** 

Tal 588.531*** 3.097*** 1294* 0.662** 0.229 0.0021*** 

AVOMX 391.635*** 2.181*** 154.780 0.380*** 0.601*** 0.0199** 

3 year 
      

Cop 343.425*** 5.072*** 288.064*** 0.708*** 0.301*** 0.0131** 

Hel 437.942*** 0.847*** 206.557*** 0.672*** 0.340*** 0.0078*** 

Riga 1541*** 1.735*** 614.922*** 0.893*** 0.115* 0.2787 

Sto 43.519*** 2.266*** 264.456** 0.651*** 0.339*** 0.0959* 

Vil 1211*** 3.249*** 517.145** 0.792*** 0.200 0.0212** 

Tal 1053*** 2.234*** 844.894*** 0.914*** 0.054 0.0020*** 

AVOMX 207.148*** 2.563*** 148.936** 0.548*** 0.464*** 0.0058*** 

5 year 
      

Cop 280.100*** 5.459*** 370.437*** 0.886*** 0.142 0.0140** 

Hel 359.882*** 0.907*** 325.074*** 0.911*** 0.137* 0.5546 

Riga 530.035*** 5.370*** 1096*** 0.952*** 0.061 0.0181** 

Sto -434.080*** 3.119*** 377.296*** 0.571*** 0.435*** 0.1193 

Vil 1023*** 4.208*** 681.025*** 0.820*** 0.176** 0.1219 

Tal 1069*** 2.289*** 929.635*** 0.866*** 0.123 0.0672* 

AVOMX 446.394*** 2.328*** 171.685*** 0.674*** 0.342*** 0.5063 

Note: This table reports the results of GARCH model using subsamples – one, three and five year 

before and after the merger of NASAQ with OMX. Coefficients and p-value of standardize residuals 

are reported in this table. Six OMX indexes are regarded as independent variables and NASDAQ index 

is regards as dependent variable. *, **, and *** denote the significance of ADF tests at 10%, 5% and 

1% levels respectively. 

𝑋𝑡 = 𝛿′ + 𝛿1′𝑌𝑡 + 𝑢𝑡 

𝑢𝑡 = √𝑔𝑡𝑣𝑡 

𝑔𝑡 = 𝑤′ + 𝛽1′𝑢𝑡−1
2 + 𝛾1′𝑔𝑡−1 
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Table 1.5a Linear causality tests for NASDAQ index causing OMX indexes 

Panel A: One year before and after stock exchange merger 

 
𝛿 𝛾 𝛼1 𝛼2 𝛽1 𝛽2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop -0.450 -0.927  -0.1724** 0.069*** 0.079*** 0.032* 0.004 -0.240*** -0.210** -0.185** 0.027 4.07*** 8.39*** 

Hel -3.099 -7.597**  -0.0007 0.661*** 0.570*** 0.360*** 0.132 -0.305*** -0.329*** -0.216** -0.128 5.81*** 5.13*** 

Riga -0.527 -0.721  -0.0286** 0.047*** 0.052*** 0.026 -0.003 -0.072 -0.056 0.068 0.229 3.15*** 4.11*** 

Sto -1.709 0.601  -0.0679** 0.179** 0.225*** 0.045 0.089** -0.232** -0.398*** -0.080 -0.163 2.71*** 4.94*** 

Vil -0.189 -0.913** -0.0237* -0.0751*** 0.050*** 0.038*** -0.019 -0.018* 0.194*** 0.104 -0.101 0.141* 4.27*** 6.58*** 

Tal -0.885 -1.498**  -0.0746*** 0.088*** 0.059*** 0.011 -0.008 0.153** 0.016 -0.058 0.132 3.55*** 6.72*** 

AVOMX -1.365* -2.767***  0.0001 0.177*** 0.191*** 0.091*** 0.045 -0.251*** -0.345*** -0.219** -0.054 6.02*** 7.35*** 

 

Panel B: Three years before and after stock exchange merger 

 
𝛿 𝛾 𝛼1 𝛼2 𝛽1 𝛽2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop 0.1413 -0.134 -0.0059 -0.029*** 0.057*** -0.212*** 0.0126 -0.059 -0.136*** 0.071*** -0.072 0.012 6.07*** 11.46*** 

Hel 1.194 0.833 0.002 -0.023** 0.532*** 0.398*** 0.128** 0.061 -0.192*** -0.243*** -0.068 -0.062 9.72*** 8.14*** 

Riga 0.0046 0.134 -0.012** -0.012*** 0.037*** 0.041*** 0.0051 0.002 0.068* -0.038 0.073* 0.033 3.23*** 5.61*** 

Sto 0.6376 0.463 0.019 0.017 0.187*** 0.159*** 0.029 0.046 -0.268*** -0.306*** -0.039 -0.159*** 6.86*** 6.32*** 

Vil 0.073 -0.027 -0.013** -0.014*** 0.048*** 0.041*** -0.017** -0.006 0.179*** 0.107*** -0.058 0.046 6.26*** 10.58*** 

Tal 0.261 -0.224 -0.005 -0.018*** 0.072*** 0.064*** 0.004 0.003 0.165*** 0.018 -0.004 0.091** 4.74*** 9.13*** 

AVOMX 0.264 -0.223 0.012* -0.022** 0.153*** 0.131*** 0.034** 0.017 -0.165*** -0.236*** -0.066 -0.022 10.56*** 10.51*** 
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Panel C: Five years before and after stock exchange merger 

 
𝛿 𝛾 𝛼1 𝛼2 𝛽1 𝛽2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop 0.165 0.103 -0.0002 -0.013** 0.042*** 0.051*** 0.006 0.012** -0.094*** -0.158*** -0.058* -0.065* 6.68*** 10.43*** 

Hel 1.242* 0.151 -0.0002 -0.008** 0.400*** 0.336*** 0.069* 0.072* -0.147*** -0.211** -0.060* -0.061 12.79*** 7.78*** 

Riga 0.1703 -0.143 -0.001 -0.006** 0.026*** 0.034*** 0.004 0.003 0.041 -0.057* 0.066** 0.041 2.09*** 7.12*** 

Sto 0.529* 0.077 0.007 -0.006 0.149*** 0.140*** 0.019 0.057*** -0.229*** -0.281*** -0.032 -0.159** 9.38*** 7.37*** 

Vil 0.149 -0.171 -0.003 -0.007*** 0.033*** 0.037*** -0.010* -0.004 0.165*** 0.088*** -0.051* 0.0302 5.92*** 13.86*** 

Tal 0.132 -0.092 -0.0004 -0.005* 0.055*** 0.065*** -0.001 0.002 0.157*** 0.034 -0.005 0.037 5.28*** 11.87*** 

AVOMX 0.434** 0.368 0.003 -0.008** 0.113*** 0.112*** 0.016 0.024** -0.114*** -0.209*** -0.0498 -0.054 13.4*** 10.46*** 

Note: Using subsamples – one, three and five year before and after the merger of NASAQ with OMX, we test causality between NASDAQ and 

OMX stock indexes. This table shows F-value with the null hypothesis of no causality and the coefficients of the speed of adjustment between 

OMX indexes and NASDAQ index when NASDAQ index is regarded as independent variable. m = n = 10. To save space not all 𝛼 and 𝛽 

coefficients, but 𝛼1, 𝛼2, 𝛽1, 𝛽2, the coefficients of first two lag term of  Xt and Yt, are reported as well. In addition, ECM is not included in the model 

for the one year before sample as a result of no cointegration.  *, **, and *** denote the significance at 10%, 5% and 1% respectively. 

∆𝑌𝑡 = 𝛿 + ∑ 𝛼𝑖∆𝑋𝑡−𝑖

𝑛

𝑖=1

+ ∑ 𝛽𝑗∆𝑌𝑡−𝑗

𝑚

𝑗=1

+ 𝛾 ∙ 𝐸𝐶𝑀𝑡−1 + 𝑢1𝑡 
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Table 1.5b Linear causality tests for OMX indexes causing NASDAQ index 

Panel A: One year before and after stock exchange merger 

 
𝛿 𝛾′ 𝛼′1 𝛼′2 𝛽′1 𝛽′2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop -0.427 -5.474  0.4401 -0.021 -0.077 0.007 -0.0595 -0.819* -0.358 0.678 -0.728 1.34 0.74 

Hel -0.23 -8.512**  0.0600* -0.027 -0.057 0.108 -0.075 -0.140* -0.107 0.036 -0.047 1.43 1.01 

Riga -0.678 -8.131*  0.233* -0.125* -0.053 0.084 -0.1003 -0.583* -0.885 -0.185 1.155** 1.07 1.49 

Sto 0.203 -6.841  0.058 -0.101 -0.015 0.03 -0.013 -0.075 -0.552** 0.107 -0.283 1.19 0.85 

Vil 0.639 -3.45 0.148 0.607*** -0.100 -0.036 0.109 -0.105 1.156** -0.155 0.470 1.002 1.00 1.28 

Tal -0.457 -6.217  0.129 -0.102 -0.051 0.076 -0.127 -0.45 -0.473 0.082 0.515 0.79 1.63* 

AVOMX -0.511 -7.737*  0.254** -0.015 0.002 0.112 -0.035 -0.578** -0.541 0.187 -0.126 1.53 1.36 

 

Panel B: Three years before and after stock exchange merger 

 
𝛿 𝛾′ 𝛼′1 𝛼′2 𝛽′1 𝛽′2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop 0.1786 0.388 0.172*** -0.069 0.029 -0.053 -0.018 -0.241 -0.694*** -0.076 0.3754 -0.081 2.35*** 1.29 

Hel 1.125 0.732 0.0161 0.001 0.024 -0.065 -0.004 -0.115** -0.096** 0.002 0.0343 0.035 2.32*** 1.48 

Riga 0.8393 1.642 0.033* -0.034 -0.052 -0.062 -0.023 -0.099** -0.0929 -0.307 -0.0093 0.229 1.27 1.4 

Sto 1.4674 1.934 0.045*** 0.088*** -0.027 -0.018 -0.037 -0.078 -0.0908 -0.204 0.0626 -0.076 2.07** 1.98** 

Vil 0.596 0.932 0.042 -0.014 -0.501** -0.063 0.303 -0.107** -0.044 -0.128 0.001 0.373 1.22 0.83 

Tal -0.047 1.145 0.012 0.018 -0.048 -0.045 -0.024 -0.100** -0.095 -0.153 0.064 0.178 1.13 1.31 

AVOMX 0.638 0.782 0.063*** 0.008 0.024 -0.044 -0.001 -0.106* -0.346** -0.084 0.1601 0.117 2.71*** 1.60* 
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Panel C: Five years before and after stock exchange merger 

 
𝛿 𝛾′ 𝛼′1 𝛼′2 𝛽′1 𝛽′2 F-test 

 
Before After Before After Before After Before After Before After Before After Before After 

Cop 1.471** 0.924 0.060** -0.017 0.008 -0.054 -0.022 -0.036 -0.480** -0.081 0.483** -0.273 2.59*** 0.90 

Hel 1.036 1.227 0.009*** -0.002 0.009 -0.056 -0.013 -0.100** -0.063* 0.005 0.043 0.067 2.29*** 1.58* 

Riga 1.073 0.974 0.028*** -0.028 -0.029 -0.052* -0.008 -0.060* -0.062 -0.214 -0.0201 0.350* 1.74* 1.36 

Sto 1.533** 1.202 0.031*** 0.016 -0.024 -0.019 -0.033 -0.0597 -0.015 -0.128 -0.078 0.009 1.97** 1.12 

Vil 0.994 0.851 0.017 -0.007 -0.027 -0.067** -0.0001 -0.082** -0.374** 0.313 0.277 0.32003 1.3 0.70 

Tal 1.338* 0.755 0.019*** -0.005 -0.024 -0.058* -0.013 -0.069** -0.077 0.034 0.068 0.094 2.06** 0.75 

AVOMX 1.616** 1.256 0.025*** -0.005 0.004 -0.044 -0.019 -0.087** -0.098* -0.044 0.209* 0.178 2.27*** 1.31 

Note: Using subsamples – one, three and five year before and after the merger of NASAQ with OMX, we test causality between NASDAQ and 

OMX stock indexes. This table shows F-value with the null hypothesis of no causality and the coefficients of the speed of adjustment between 

OMX indexes and NASDAQ index when NASDAQ index is regarded as dependent variable.  m = n = 10. To save space not all 𝛼  and 𝛽 

coefficients, but 𝛼1, 𝛼2, 𝛽1, 𝛽2, the coefficients of first two lag terms of Xt and Yt, are reported as well.*, **, and *** denote the significance at 10%, 

5% and 1%  respectively. 

∆𝑋𝑡 = 𝛿 + ∑ 𝛼′𝑖∆𝑋𝑡−𝑖

𝑛

𝑖=1

+ ∑ 𝛽′𝑗∆𝑌𝑡−𝑗

𝑚

𝑗=1

+ 𝛾′ ∙ 𝐸𝐶𝑀𝑡−1 + 𝑢2𝑡 
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Table 1.6 Nonlinear causality tests using daily price index 

Pr(‖yt
m − 𝑦s

m‖ < e|‖yt−Ly
Ly

− ys−Ly
Ly

‖ < e, ‖xt−Lx
Lx − 𝑥s−Lx

Lx ‖ < e) = Pr(‖yt
m − 𝑦s

m‖ < e|‖yt−Ly
Ly

− ys−Ly
Ly

‖ < e) 

 
  1 Year 3 Year 5 Year 

    Before After Before After Before After 

Dependent  
Variables  

  
 

  
  

 
Cop 0.1649 0.2266 0.4239 0.0704 * 0.1512 0.0604 * 

 
Hel 0.3267 0.4178 0.1305 0.0025 *** 0.1941 0.0305 ** 

 
Riga 0.4869 0.0685 * 0.2962 0.3035 0.0271 ** 0.3104 

 
Sto 0.0636 * 0.4741 0.0336 ** 0.0000 *** 0.0846 * 0.0000 *** 

 
Vil 0.325 0.1763 0.1538 0.2329 0.1435 0.4721 

 
Tal 0.0418 ** 0.1263 0.0873 * 0.2892 0.2878 0.2008 

  AOMX 0.2191 0.3429 0.1434 0.0218** 0.4761 0.0137 ** 

 

Pr(‖xt
m − xs

m‖ < e|‖xt−Lx
Lx − xs−Lx

Lx ‖ < e, ‖yt−Ly
Ly

− ys−Ly
Ly

‖ < e) = Pr(‖xt
m − xs

m‖ < e|‖xt−Lx
Lx − xs−Lx

Lx ‖ < e) 

 
  1 Year 3 Year 5 Year 

    Before After Before After Before After 

Independent  
Variables 

    

 
Cop 0.0011*** 0.4368 0.1107 0.0009*** 0.4135 0.0011*** 

 
Hel 0.1193 0.0293** 0.1146 0.0010*** 0.1699 0.0004*** 

 
Riga 0.0292** 0.3557 0.0654* 0.1902 0.0369** 0.1796 

 
Sto 0.2275 0.4241 0.0126** 0.0000*** 0.1231 0.0000*** 

 
Vil 0.3818 0.3097 0.2066 0.3410 0.0048*** 0.0266** 

 
Tal 0.2037 0.0842* 0.0049*** 0.2266 0.1196 0.4031 

  AOMX 0.2269 0.3515 0.0208** 0.0101** 0.4587 0.0001*** 

Note: Using the residuals from table 5, we test causality between NASDAQ and OMX stock indexes. 

This table shows p-value with the null hypothesis of no nonlinear causality between Nordic stock 

indexes and NASDAQ index when NASDAQ index is regarded as dependent variable and independent 

variable separately. m = 1, Lx =  Ly = 10, e = 1.5. *, **, and *** denote the significance at 10%, 5% 

and 1%  respectively. 
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Table 1.7 Descriptive Statistics of the returns for MV criterion and 

Omega ratio 

1 year               

Variable 
Mean StdDev t Test 

Omega 

(%) 

Omega 

(%) 

Omega 

(%) 

(%) (%) F Test r=0.0% r= -0.5% r=0.5% 

Cop  
Before -0.05 1.34 1.04 89.89 234.47 30.47 

After  -0.27 2.78 4.34*** 75.53 126.38 45.38 

Hel 
Before -0.04 1.42 1.49 91.32 228.64 35.23 

After  -0.36 2.69 3.60*** 69.16 115.72 41.88 

Riga 
Before -0.09 1.28 1.96* 79.19 261.18 23.47 

After  -0.43 2.13 2.76*** 55.37 110.06 28.51 

Sto 
Before -0.09 1.45 0.43 84.43 203.10 33.49 

After  -0.19 2.83 3.83*** 83.12 135.94 51.45 

Vil 
Before -0.03 1.08 2.77*** 91.01 313.01 21.84 

After  -0.51 2.22 4.20*** 47.62 99.37 23.43 

Tal 
Before -0.14 1.17 1.70* 69.66 236.48 20.09 

After  -0.41 2 2.94*** 54.86 113.69 27.29 

AVOMX Before -0.08 0.93 1.93* 78.97 316.27 14.40 

  After  -0.36 1.92 4.29*** 57.59 123.40 27.56 

NASDAQ Before -0.01 1.25 1.08 98.93 259.56 33.58 

  After  -0.24 2.92 5.45*** 79.46 128.01 49.27 
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3 year               

Variable 
Mean StdDev t Test 

Omega 

(%) 

Omega 

(%) 

Omega 

(%) 

(%) (%) F Test r=0.0% r= -0.5% r=0.5% 

Cop  
Before 0.04 1.09 0.29 110.59 353.97 29.79 

After  0.02 1.97 3.26*** 102.25 211.69 49.12 

Hel 
Before 0.05 1.15 0.58 112.29 351.83 33.15 

After  0.00 2.04 3.13*** 99.33 194.90 50.16 

Riga 
Before 0.04 1.12 0.75 111.32 403.62 30.40 

After  -0.02 1.95 3.03*** 96.49 197.98 47.35 

Sto 
Before 0.03 1.20 0.06 107.49 318.49 33.07 

After  0.02 2.01 2.79*** 103.70 210.20 51.28 

Vil 
Before 0.05 1.05 0.82 113.19 401.11 28.71 

After  -0.02 1.74 2.73*** 96.52 237.63 38.91 

Tal 
Before 0.024 0.96 -0.03 108.67 462.05 21.78 

After  0.026 1.74 3.29*** 104.45 238.01 46.26 

AVOMX Before 0.04 0.73 0.57 106.73 465.4 21.67 

  After  0.00 1.42 3.80*** 100.63 270.29 36.12 

NASDAQ Before 0.02 1.03 -0.08 106.07 366.82 28.53 

  After  0.03 2.03 3.89*** 104.47 209.82 49.96 
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5 year               

Variable 
Mean StdDev t Test 

Omega 

(%) 

Omega 

(%) 

Omega 

(%) 

(%) (%) F Test r=0.0% r= -0.5% r=0.5% 

Cop  
Before 0.07 1.03 0.86 120.81 419.47 31.82 

After  0.02 1.72 2.78*** 103.73 237.24 44.42 

Hel 
Before 0.07 1.09 1.29 120.31 397.98 33.90 

After  -0.01 1.95 3.21*** 98.34 197.97 48.61 

Riga 
Before 0.09 1.03 1.96* 128.60 517.14 31.93 

After  -0.02 1.61 2.41*** 95.66 234.75 38.73 

Sto 
Before 0.06 0.04 0.64 115.11 344.07 36.18 

After  0.02 0.05 2.41*** 103.22 220.96 47.66 

Vil 
Before 0.14 1.02 2.98*** 148.06 539.84 36.49 

After  -0.02 1.51 2.21*** 95.42 275.33 32.47 

Tal 
Before 0.10 0.98 1.53 136.38 544.33 29.91 

After  0.02 1.54 2.48*** 103.13 266.04 40.24 

AVOMX Before 0.09 0.67 2.10** 145.05 858.89 16.05 

  After  0.00 1.26 3.55*** 100.04 303.93 31.19 

NASDAQ Before 0.05 1.11 0.35 112.76 353.28 34.32 

  After  0.03 1.78 2.56*** 104.94 232.67 45.46 

Note: Using subsample – one/three/five year before and after the merger of NASAQ with OMX, we 

report the mean-variance of daily return of stock index. This table shows the results of T-test and F-test 

with the null hypothesis that the mean and volatility of stock index are different between the pre- and 

post-merger. *, **, and *** denote the significance at 10%, 5% and 1% levels respectively. 
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Table 2.1 Unit Root Test of Stock Price and Return 

 

ADF DF-GLS PP KPSS Stationary [Y/N] 

WTI -1.324 -1.820 -1.415 1.03 *** N 

 
[6] [21] [9] [29] 

 
r.WTI -22.130 *** -4.220 *** -61.857 *** 0.047 Y 

 
[8] [29] [9] [29] 

 
d.WTI -23.224 *** -7.112 *** -63.120 *** 0.053 Y 

 
[6] [29] [9] [29] 

 
SSE -1.924 -2.049 -1.879 0.647 *** N 

 
[6] [28] [9] [29] 

 
r.SSE -20.148 *** -4.577 ** -58.433 *** 0.095 Y 

 
[10] [29] [9] [29] 

 
d.SSE -22.986 *** -5.780 *** -58.113 *** 0.068 Y 

 
[5] [28] [8] [29] 

 

      

c.v. 1% -3.960 -3.480 -3.960 0.216 
 c.v. 5% -3.410 -2.841 -3.410 0.146 
 

c.v. 10% -3.120 -2.553 -3.120 0.119 
 

Notes: Numbers in square brackets are selected lags. ADF, DF-GLS and PP are, respectively, 

augmented Dickey-Fuller, Dickey-Fuller generalized least squares and Phillips-Perron statistics for the 

null hypothesis of a unit root for the time series. KPSS denotes the stationary test for the null 

hypothesis of stationarity. *, **, *** represent 10%, 5%, 1% significant level separately. WTI/d.WTI is 

level/first difference of daily oil price, and SSE/d.SSE is level/first difference of daily Shanghai Stock 

Exchange index. r.WTI and r.SSE are return of oil and Shanghai stock price. The entry “Y” indicates 

that the null hypothesis of having a unit root is rejected at the 5% level, whereas the entry “N” 

indicates that the null hypothesis could not be rejected at the 5% level. 
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Table 2.2 Linear and Nonlinear Granger Causality Test 

Null Hypothesis p-value Causality or not 

r.SSE does not Grange casue r.WTI 0.4372 N 

r.WTI does not Grange casue r.SSE 0.1166 N 

r.SSE does not nonlinearly Grange casue r.WTI 0.0083 Y 

r.WTI does not nonlinearly Grange casue r.SSE 0.0484 Y 

Notes: WTI is level of daily oil price, and SSE is level of daily Shanghai Stock Exchange index. r.WTI 

and r.SSE are return of oil and Shanghai stock price. p-value of statistics are reported in the table. The 

entry “N” indicates that the null hypothesis of no linear Granger causality could not be rejected at the 

5% level, and the entry “Y” indicates that the null hypothesis of no nonlinear Granger causality is 

rejected at the 5% level. 
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Table2.3 Test Results for Quantile Causality between SSE and WTI Crude 

Oil Return 

𝜏 ∈ [0.05,0.2] [0.2,0.4] [0.4,0.6] [0.6,0.8] [0.8,0.95] 

r.SSE does not quantile cause r.WTI 

Statistics 8.8673** 14.2669** 1.2768 0.3725 1.0531 

Lags [1] [3] [1] [1] [1] 

r.WTI does not quantile cause r.SSE 

Statistics 9.0448** 5.7114* 3.3601 7.9560** 3.5698 

Lags [1] [1] [1] [1] [1] 

Notes: Sup-Wald test statistics and the selected lag order (in square brackets) are reported. ***, **, and 

* denote significance at the 1%, 5%, and 10% levels, respectively.  
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Table 3.1 Original and Weighted Centralities of example in Fig.3.2 

Node 

𝐶𝑖
𝑀 when α = 

0 0.5 1 1.5 

Situation Situation Situation Situation 

1 2 1 2 1 2 1  2 

A 4 1 4 2 4 4 4 8 

B 1 0 1 0 1 0 1 0 

C 1 0 1 0 1 0 1 0 

D 1 1 1 2 1 4 1 8 

E 1 0 1 0 1 0 1 0 

Note: Turning-parameter centrality scores when different values of α are used for the nodes in Fig.3.2. 
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Table 3.2 Turning-parameter and Quality-partner Centralities of example 

in Fig.3.3 

Node 

Situation 1 Situation 2 

TC QC TC QC 

A 1 1 7.21 7.21 

B 1.41 2.12 2 3.60 

C 2.83 2.83 2 3.60 

D 1.41 2.12 2 3.60 

E 1 1 1 1.46 

Note: QC and TC scores when α = 0.5 are used for the nodes in Fig.3 
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Table 3.3. Summary Statistics 

Variable Obs Mean Std. Dev. Min Max 

      
tc.ITN 528 7.66856 0.74255 5.99439 9.20464 

tc.ICFN 528 7.54787 1.22834 4.48854 9.96320 

tc.Export 528 7.23448 0.90244 4.74908 8.90621 

tc.Outflow 528 6.74631 1.62649 1.35402 9.79073 

tc.Import 528 7.33387 0.70834 5.64206 8.87055 

tc.Inflow 528 7.08855 1.33631 3.27755 9.75108 

ITN 528 8.21507 1.63827 6.03979 16.31258 

ICFN 528 7.84258 1.75266 4.42500 16.91887 

Note: This table presents summary statistics of the turning-parameter centralities (tc.ITN, tc.ICFN, 

tc.Export, tc.Outflow, tc.Import, and tc.Inflow), and quality-partner centralities (qc.ITN, qc.ICFN) in 

the two networks. Data sample covers 48 countries from 2001 to 2011. tc.Export and tc.Import.Im are 

the turning-parameter centralities of trade networks with direction, while tc.Outflow/Inflow refers to 

the turning-parameter centrality of capital outflow/inflow network. 
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Table 3.4. Panel Unit Root Tests of network indicators 

Variables 

Breitung LLC HT 

t-Statistics P-value t-Statistics P-value t-Statistics P-value 

Level           

 
tc.ITN 6.3997 1.0000 -8.8504 0.0000 0.8469 0.9959 

 
tc.ICFN 5.1975 1.0000 -15.5989 0.0000 0.7765 0.7654 

 
qc.ITN 6.2495 1.0000 -6.9764 0.0000 0.8126 0.9562 

 
qc.ICFN 5.2538 1.0000 -13.0783 0.0000 0.7770 0.7698 

First difference            

 
tc.ITN -11.2906 0.0000 -10.9006 0.0000 -0.0722 0.0000 

 
tc.ICFN -8.2909 0.0000 -7.9125 0.0000 -0.0702 0.0000 

 
qc.ITN -9.9075 0.0000 -11.8623 0.0000 -0.1087 0.0000 

  qc.ICFN -6.9976 0.0000 -8.3476 0.0000 -0.0775 0.0000 

Note: Both level and first difference data are tested by Levin-Lin-Chu, Harris-Tsavalis, and Breitung 

panel unit-root test. t-statistics and p-values  are shown in this table. The null hypothesis of all unit root 

test is that panels contain unit roots. qc.ITN and qc.ICFN are quality-partner centralities and tc.ITN 

and ICFN are turning-parameter centralities. 
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Table 3.5. Westerlund Error-Correcton-Based Panel Cointegration Tests 

between Trade and TPI 

Panel Gt Ga Pt Pa 

       

ITN  & ICFN 0.000 0.000 0.000 0.000 

tc.ITN  & tc.ICFN 0.000 0.000 0.000 0.000 

tc.ITN & tc.Outflow 0.000 0.000 0.000 0.000 

tc.ITN & tc.Inflow 0.000 0.000 0.000 0.000 

tc.Export & tc.ICFN 0.000 0.000 1.000 1.000 

tc.Import & tc.ICFN 0.000 0.000 1.000 0.000 

tc.Export & tc.Outflow 0.000 0.000 0.000 0.000 

tc.Export & tc.Inflow 0.000 0.000 0.000 0.000 

tc.Import & tc.Outflow 0.000 0.000 0.000 0.000 

tc.Import & tc.Inflow 0.000 0.000 0.000 0.000 

       

Note: Following Westerlund (2007), we employ quality-partner centrality data over 48 counties from 

2001 to 2011 testing four panel cointegration tests by determining whether the individual panel 

members are error correcting. According to Average AIC, lad 1 is seleced, and the model is considered 

as following: 

𝑑. 𝐼𝑇𝑁𝑖𝑡 = 𝑐0 + 𝑎𝑖1 ∗ 𝑑. 𝐼𝑇𝑁𝑖𝑡−1 + 𝑏𝑖0 ∗ 𝑑. 𝐼𝐶𝐹𝑁𝑖𝑡 + 𝑏𝑖1 ∗ 𝑑. 𝐼𝐶𝐹𝑁𝑖𝑡−1 + 𝑎𝑖(𝐼𝑇𝑁𝑖𝑡−1 − 𝑏𝑖 ∗ 𝐼𝐶𝐹𝑁𝑖𝑡−1)

+ 𝑒𝑖𝑡 

The Ga and Gt test statistics from a weighted average of the individually estimated γi and their t-ratios 

are to test the existence of error correction with individual effects. The null hypotheses are no 

cointegration for the panel for at least one country. The Pa and Pt test statistics pool information over 

all the cross-sectional units.  The null hypotheses are no cointegration for the panel. p-values of Ga, Gt, 

Pa and Pt are reported in the table. 
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Table 3.6. FMOLS results 

 Pooled Grouped 

Panel Coefficient Prob. Coefficient Prob. 

       

ITN  & ICFN 
0.199228**

* 
0.0000 0.558269*** 0.0000 

tc.ITN  & tc.ICFN 
0.435628**

* 
0.0000 0.591799*** 0.0000 

tc.ITN & 
tc.Outflo
w 

0.329605**
* 

0.0000 0.484532*** 0.0000 

tc.ITN & tc.Inflow 
0.398261**

* 
0.0000 0.462609*** 0.0000 

tc.Export & tc.ICFN 
0.433665**

* 
0.0000 0.558727*** 0.0000 

tc.Import & tc.ICFN 
0.439790**

* 
0.0000 0.621851*** 0.0000 

tc.Export & 
tc.Outflo
w 

0.331286**
* 

0.0000 0.438904*** 0.0000 

tc.Export & tc.Inflow 
0.381087**

* 
0.0000 0.447812*** 0.0000 

tc.Import & 
tc.Outflo
w 

0.330035**
* 

0.0000 0.515683*** 0.0000 

tc.Import & tc.Inflow 
0.404547**

* 
0.0000 0.497365*** 0.0000 

       

Note: FMOLS results of panel cointegration between trade and capital flow networks and trade 

centralities are considered as dependent variable. *, **, *** represent 10%, 5% and 1% significant 

level, separately. 
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Table 3.7. Causality Tests between Quality-parameter Centralities of 

Trade and Capital Flow 

Y X Coef. Std. Err. P-value 

d.ITN 
    

 
L1.d.ITN -0.10717* 0.05611 0.056 

 
L1.d.ICFN 0.33888*** 0.03387 0.000 

     

d.ICFN  
 

   

 
L1.d.ITN -0.62170 0.60949 0.308 

 
L1.d.ICFN 0.79831* 0.46218 0.084 

Trade centralities does not Granger cause capital flow centralities:   Not Reject 

Capital flow centralities does not Granger cause trade centralities:   Reject 

Note: This table shows the results of Granger causality test between QCs of ITN and ICFN based on 

panel VAR. All data are from 2001-2011, and cover 48 countries. Lag selection is one according to 

MAIC, MBIC, MQIC. *, **, *** represent 10%, 5% and 1% significant level, separately. 
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Table 3.8. Causality Tests between Turning-parameter Centralities of 

Trade and Capital Flow 

Y           X d.tc.ITN d.tc.Export d.tc.Import d.tc.ICFN d.tc.Outflow d.tc.Inflow 

d.tc.ITN 
   

0.3606*** 0.1353*** 0.2764*** 

d.tc.Export 
   

0.3279*** 0.1180*** 0.2628*** 

d.tc.Import 
   

0.3895*** 0.1522*** 0.2877*** 

d.tc.ICFN -0.0091 0.1561 -0.0816 

   

d.tc.Outflow 0.3674* 0.5080** 0.2664 

   

d.tc.Inflow -0.0222 -0.0049 -0.0923 

   

Note: This table shows the results of Granger causality based on panel VAR test and the null 

hypotheses are that X does not granger cause X. All data are from 2001-2011, and cover 48 countries. 

Lag selection is one according to MAIC, MBIC, MQIC. p-values are reported in the table. *, **, *** 

represent 10%, 5% and 1% significant level of causal relation, separately. 
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Figure.1 Time-series plots of NASDAQ and six OMX indexes.  

 

Note: Cop, Hel, Riga, Sto, Vil, and Tal represent Copenhagen 20 price, Helsinki 25 price, Riga_GI 

price, Stockholm 30 Index price, Vilnius_GI price, and Tallinn_GI price, respectively.  All the price 

indexes equal to spot price divide the base day price (100), which is March 1, 2002. The red line 

denotes the date of merger of NADSAQ with OMX. 
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Figure 2. Time Series Data: Prices and Returns 

a. WTI Oil Price 

 

b. SSE Composite Index Stock Price 

 

c. WTI Oil Returns 

 

d. SSE Composite Index Stock Returna 
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Figure 3.1. International Trade Network (ITN) in 2011 

 

 

Note:  Nodes are countries joined by directed links.  Each link connects issuing two countries have 

international trade between them in 2011.  The size of node is ranked according to the original degree 

centrality. The five biggest export countries are labeled in the figure. 
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Figure 3.2. An Example for the Original and Weighted Centrality 

 

Note: This graph shows a network with 5 nodes in two situations. The widths of edges and the numbers 

beside the edges correspond to the strength of ties. The detail scores of centralities are reported in 

Table 1. 
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Figure 3.3. An Example for Weakness of Turning-parameter Centrality 

 

Note: This graph show a network with 5 nodes in two situations. The widths of edges and the numbers 

beside the edges correspond to the strength of ties. The detail scores of centralities are reported in 

Table 2. 
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Figure 3.4. An Example of the Four Types of Centralities of ITN in 2001 

 

Note: Four types of centralities of trade network, “original C”, “weighted C”, “turning-parameter C” 

and “quality-partner C”, across 48 countries in 2001 are plotted in this figure. As a result of the large 

difference of ranges, we draw this graph using the ratio of one country’ centrality to the sum of 

centralities in ITN in 2001. Weighted centralities are displayed by secondary axis. 
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Figure 3.5. An Example of Trade and Capital Flow Centralities in 2001 

 

Note: This graph draws an example of quality partner centralities of trade and capital flow networks 

covering 48 counties in 2001. 
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Figure 3.6. Mean of Trade and Capital Flow Centralities from 2001 to 

2011 

 

Note: This graph shows the average quality-partner centralities of trade network and capital flow 

network from 2001 to 2011. 
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Appendix  

Appendix A. Simulated Critical Values of Chapter 2 

 𝜏 ∈ [0.05,0.95] 𝜏 ∈ [0.05,0.5] 𝜏 ∈ [0.5,0.95] 𝜏 ∈ [0.05,0.2] 𝜏 ∈ [0.2, 0.4] 𝜏 ∈ [0.4, 0.6] 

            10% 5% 1% 10% 5% 1% 10% 5% 1% 10% 5% 1% 10% 5% 1% 10% 5% 1% 

p=1  7.997 9.584 13.072 6.88 8.342 12.097 6.802 8.336 11.867 5.86 7.31 10.592 5.273 6.666 10.409 5.032 6.455 9.999 

p=2  10.851 12.561 16.384 9.601 11.23 14.768 9.607 11.345 15.06 8.603 10.365 14.096 7.819 9.611 13.254 7.519 9.235 13.122 

p=3  13.325 14.933 19.045 12.046 13.904 17.879 11.93 13.803 17.989 10.751 12.576 16.616 9.97 11.836 15.835 9.517 11.303 15.22 

p=4  15.313 17.131 21.203 14.049 15.972 20.395 14.045 16.012 20.172 12.655 14.616 18.884 11.857 13.653 17.851 11.407 13.443 17.378 

p=5  17.351 19.309 23.486 15.943 17.954 22.53 15.848 17.874 22.257 14.4 16.423 20.664 13.471 15.517 19.815 13.194 15.275 19.528 

p=6  19.151 21.195 25.818 17.694 19.907 24.387 17.554 19.705 24.173 16.159 18.254 23.034 15.289 17.448 22.006 14.967 17.161 21.949 

p=7  21.045 23.142 27.887 19.514 21.658 26.205 19.422 21.616 26.133 17.875 20.128 24.834 16.983 19.159 23.831 16.556 18.744 23.491 

p=8  22.816 24.929 29.391 21.114 23.466 28.439 21.138 23.344 27.867 19.506 21.888 27.007 18.531 20.817 25.681 18.076 20.424 25.239 

p=9  24.364 26.558 31.173 22.777 25.064 29.912 22.674 24.869 29.778 21.055 23.472 28.577 20.038 22.468 27.425 19.545 22.052 27.261 

p=10  26.133 28.395 33.301 24.339 26.782 32.126 24.315 26.763 31.88 22.748 25.161 30.525 21.472 24.11 29.414 21.053 23.486 28.679 

Note: We obtain the critical values by simulating the standard Brownian motion based on the Gaussian random walk with 3,000 i.i.d. N(0,1) 

innovations. The simulation involves 20,000 replications. Note that P {supτ∈[a,b] ‖
Bp(τ)

√τ(1−τ)
‖

2

< c} = P {sups∈[a,b] ‖
Wp(s)

√s
‖

2

< c}, where Wp denotes 

a vector of p independent Brownian motions, and s1  and s2  are given by a/(1 − a) and b/(1 − b), respectively. David and Long (1981) and 

Adrews (1993) test and tabulate critical values for some values of s2/s1 and p. 
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Appendix B: Data definition of Chapter 3 

Variables Definition 

tc.ITN Turning-parameter degree centrality of one nation in the trade network. 

tc.ICFN Turning-parameter degree centrality of one nation in the capital flow network. 

tc.Export Turning-parameter degree centrality of one nation in the export network. 

tc.Import Turning-parameter degree centrality of one nation in the import network. 

tc.Outflow 
Turning-parameter degree centrality of one nation in the capital outflow 

network. 

tc.Inflow 
Turning-parameter degree centrality of one nation in the capital inflow 

network. 

qc.ITN Quality-partner degree centrality of one nation in the trade network. 

qc.ICFN Quality-partner degree of one nation in the capital flow network. 
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Appendix C: Country List of Chapter 3 

Argentina Finland Lebanon Singapore 

Belgium France Malaysia Slovak Republic 

Brazil Germany Malta South Africa 

Bulgaria Greece Netherlands Spain 

Canada Hungary New Zealand Sweden 

Chile Iceland Norway Switzerland 

Colombia Indonesia Panama Thailand 

Costa Rica Ireland Philippines Turkey 

Cyprus Israel Poland Ukraine 

Czech Republic Italy Portugal United Kingdom 

Denmark Japan Romania United States 

Estonia Kazakhstan Russian Federation Uruguay 

 

 

 



100 
 

Reference 

1. Agmon, T. (1972). The Relations among equity markets: A Study of Share Price 

Co‐Movements in The United States, United Kingdom, Germany and Japan. The 

Journal of Finance, 27(4), 839-855. 

2. A'Hearn, B., & Woitek, U. (2001). More international evidence on the historical 

properties of business cycles. Journal of Monetary Economics,47(2), 321-346. 

3. Ali, S., Butt, B. Z., & Rehman, K. (2011). Comovement between emerging and 

developed stock markets: an investigation through cointegration analysis. World 

Applied Sciences Journal, 12(4), 395-403. 

4. Amihud, Y., & Mendelson, H. (1986). Asset pricing and the bid-ask spread. 

Journal of financial Economics, 17(2), 223-249. 

5. Andrews, D.W.K. and B. Lu (2001). Consistent model and moment selection 

procedures for GMM estimation with application to dynamic panel data models. 

Journal of Econometrics, 101, 123-164. 

6. Antras, P., & Caballero, R. J. (2007). Trade and capital flows: A financial 

frictions perspective (No. w13241). National Bureau of Economic Research. 

7. Apergis, N., & Miller, S. M. (2009). Do structural oil-market shocks affect stock 

prices? Energy Economy, 31(4), 569-575. 

8. Arellano, M., & Bover, O. (1995). Another look at the instrumental variable 

estimation of error component models. Journal of Econometrics, 68, 29-51. 

9. Baek, E., & Brock, W. (1992). A general test for nonlinear Granger causality: 

Bivariate model. Iowa State University and University of Wisconsin at Madison 



101 
 

Working Paper. 

10. Barrat, A., Barthelemy, M., Pastor-Satorras, R., & Vespignani, A. (2004). The 

architecture of complex weighted networks. Proceedings of the National 

Academy of Sciences of the United States of America, 101(11), 3747-3752. 

11. Basher, S. A., & Sardosky, P. (2006). Oil price risk and emerging stock markets. 

Global Finance Journal, 17(2), 224-251. 

12. Basher, S. A., Haug, A. A., Sadorsky, P. (2012). Oil prices, exchange rates and 

emerging stock markets. Energy Economy, 34(1), 227-240. 

13. Bassett, G., Koenker, R. (1982). An empirical quantile function for linear models 

with iid errors. Journal of the American Statistical Association, 77(378), 407–

415. 

14. Baur, D., & Schulze, N. (2005). Financial stability and extreme market 

conditions. Working paper No.22174, European Commission - Joint Research 

Centre. Available at SRRN: www.ssrn.com/abstract=905527. 

15. Bhar, R. and Nikolova, B.n (2011). Global oil prices, oil industry and equity 

returns: Russian experience. Scottish Journal of Political Economy, 57(2), 169-

186. 

16. Bonfiglioli, A. (2008). Financial integration, productivity and capital 

accumulation. Journal of International Economics, 76(2), 337-355. 

17. Breitung, J. (2001). The local power of some unit root tests for panel data (Vol. 

15, pp. 161-177). Emerald Group Publishing Limited. 

18. Breitung, J., & Das, S. (2005). Panel unit root tests under cross‐sectional 



102 
 

dependence. Statistica Neerlandica, 59(4), 414-433. 

19. Brennan, M. J., & Subrahmanyam, A. (1996). Market microstructure and asset 

pricing: On the compensation for illiquidity in stock returns. Journal of financial 

economics, 41(3), 441-464. 

20. Broadstock, D. C., Cao, H., Zhang, D. Y. (2012). Oil shocks and their impact on 

energy related stocks in China. Energy Economics, 34(6), 1888-1895. 

21. Brooks, R., & Del Negro, M. (2004). The rise in comovement across national 

stock markets: market integration or IT bubble? Journal of Empirical Finance, 

11(5), 659-680. 

22. Brooks, R., & Del Negro, M. (2006). Firm-level evidence on international stock 

market comovement. Review of Finance, 10(1), 69-98. 

23. Candelon, B., Piplack, J., & Straetmans, S. (2008). On measuring 

synchronization of bulls and bears: The case of East Asia. Journal of banking & 

finance, 32(6), 1022-1035. 

24. Chen, N. F., Roll, R., Ross, S.A. (1986). Economic forces and the stock market. 

Journal of business, 59(3), 383-403. 

25. Chen, G. M., Firth, M., & Rui, O. M. (2002). Stock market linkages: evidence 

from Latin America. Journal of Banking & Finance, 26(6), 1113-1141. 

26. Chen, Q., & Lv, X. (2015). The extreme-value dependence between the crude oil 

price and Chinese stock markets. International Review of Economics & 

Finance, 39, 121-132. 

27. Chinazzi, M., Fagiolo, G., Reyes, J. A., & Schiavo, S. (2013). Post-mortem 



103 
 

examination of the international financial network. Journal of Economic 

Dynamics and Control, 37(8), 1692-1713. 

28. Choudhry, T., Lu, L., & Peng, K. (2007). Common stochastic trends among Far 

East stock prices: Effects of the Asian financial crisis. International Review of 

Financial Analysis, 16(3), 242-261. 

29. Chuang, C., Kuan, C. and Lin, H. (2009). Causality in quantiles and dynamic 

stock return-volume relations. Jounral of Banking and Finance, 33(7), 1351-

1360. 

30. Cohen, L., A. Frazzini, and C. Malloy (2008): The small world of investing: 

Board connections and mutual fund returns, Journal of Political Economy, 

116(5), 951–979. 

31. Colla, P., and A. Mele (2010): Information linkages and correlated trading, 

Review of Financial Studies, 23(1), 203–246. 

32. Cong, R. G, Wei, Y. M., Jiao, J. L., & Fan, Y. (2008). Relationships between oil 

price shocks and stock market: An empirical analysis from China. Energy Policy, 

36(9), 3544-3553. 

33. Conrad, C., Loch, K. (2015). Anticipating long-term stock market volatility. 

Journal of Applied Econometrics, 30(7): 1090-1114. 

34. David, M. & Long, L. (1981). Crossing probabilities for a square root boundary 

by a bessel process. Communnications in Statistics-Theory and Methods, 10(21), 

2197-2213. 

35. Datar, V. T., Naik, N. Y., & Radcliffe, R. (1998). Liquidity and stock returns: An 

alternative test. Journal of Financial Markets, 1(2), 203-219. 



104 
 

36. De Benedictis, L., & Tajoli, L. (2011). The world trade network. The World 

Economy, 34(8), 1417-1454. 

37. Denker, M., Keller, G. (1983). On U-statistics and v. Mises' Statistics for weakly 

Dependent Processes, Zeitschrift fÄur Wahrscheinlichkeitstheorie und verwandte 

Gebiete, 64(4), 505-522. 

38. Dickey, D., and Fuller, W. (1981). Likelihood ratio statistics for autoregressive 

time series with a unit root. Econometrica, 49(4), 1057-1072. 

39. Ding, H., Chong, T T, Park, S Y. (2014). Nonlinear dependence between stock 

and real estate markets in China. Economics Letters, 124(3), 526-529. 

40. Ding, H., Kim, H. G., and Park, S. Y. (2014). Do net positions in the futures 

market cause spot prices of crude oil? Economic Modelling, 41, 177-190. 

41. Du, L.M., He, Y.N., Wei, C. (2010). The relationship between oil price shocks 

and China's macro-economy: an empirical analysis. Energy Policy, 38(8), 4142-

4151. 

42. Edison, H. J., Levine, R., Ricci, L., & Sløk, T. (2002). International financial 

integration and economic growth. Journal of international money and finance, 

21(6), 749-776. 

43. Engle, R. F., & Granger, C. W. (1987). Co-integration and error correction: 

representation, estimation, and testing. Econometrica, 55(2), 251-276.  

44. Elliott, G.R., Rothenberg, T.J., and Stock, J.H. (1966). Efficient tests for an 

autoregressive unit root. Econometrica, 64(4, Jul), 813-836. 

45. Elyasiani, E., Mausur, I., Odusami, B. (2011). Oil Price Shocks and Industry 



105 
 

Stock Returns. Energy Economics, 33(5), 966-974. 

46. Ewing, B.T., Thompson, M.A. (2007). Dynamic cyclical components of oil 

prices with industrial production, consumer prices, unemployment and stock 

prices. Energy Policy, 35(11), 5535-5540. 

47. Faff, R.W., & Brailsford, T.J. (1999). Oil Price Risk and the Australian Stock 

Market. Journal of Energy Finance & Development, 4(1), 69–87. 

48. Fagiolo, G., Reyes, J., & Schiavo, S. (2008). On the topological properties of the 

world trade web: a weighted network analysis. Social Science Electronic 

Publishing, 387(15), 3868–3873. 

49. Fama, E., & Schwert, G.W. (1977). Asset returns and inflation. Journal of 

Financial Economics, 5(2), 115–146. 

50. Fama, E.F. (1981). Stock returns, real activity, inflation and money. The 

American Economic Review, 71(4), 545-565. 

51. Fang, C.R., & You, S.Y. (2014). The impact of oil price shocks on the large 

emerging countries' stock prices: Evidence from China, India and Russia. 

International Review of Economics and Finance, 29, 330-338. 

52. Filis, G. (2010). Macro economy, stock market and oil prices: do meaningful 

relationships exist among their cyclical fluctuations? Energy Economics, 32(4), 

877-886. 

53. Filis, G., Degiannakis, S., Floros, C. (2011). Dynamic correlation between stock 

market and oil prices: the case of oil-importing and oil-exporting countries. 

International Review of Financial Analysis, 20(3), 152-164. 



106 
 

54. Forbes, K., & Rigobon, R. (2002). No contagion, only interdependence: 

measuring stock market comovements. The Journal of Finance, 57(5), 2223-

2261. 

55. Freeman, L. C. (1979). Centrality in social networks conceptual 

clarification. Social networks, 1(3), 215-239. 

56. Gilmore, C. G., & McManus, G. M. (2002). International portfolio 

diversification: US and Central European equity markets. Emerging Markets 

Review, 3(1), 69-83. 

57. Goldstein, I., & Razin, A. (2006). An information-based trade off between 

foreign direct investment and foreign portfolio investment. Journal of 

International Economics, 70(1), 271-295. 

58. Granger, C. W. (1969). Investigating causal relations by econometric models and 

cross-spectral methods. Econometrica, 37(3), 424-438. 

59. Grubel, H. G. (1968). Internationally diversified portfolios: welfare gains and 

capital flows. The American Economic Review, 58(5), 1299-1314. 

60. Guerin, S. S. (2006). The role of geography in financial and economic 

integration: A comparative analysis of foreign direct investment, trade and 

portfolio investment flows. The world economy, 29(2), 189-209. 

61. Gust, C., Leduc, S., & Vigfusson, R. (2010). Trade integration, competition, and 

the decline in exchange-rate pass-through. Journal of Monetary 

Economics, 57(3), 309-324. 

62. Hamao Y (1988). An empirical examination of the arbitrage pricing theory: using 

Japanese data. Japan and the World economy, 1(1), 45-61. 



107 
 

63. Hamilton, J.D. (1983). Oil and Macroeconomy since World War II. Journal of 

Political Economy, 91(2), 228-248. 

64. Hammoudeh, S., Dibooglu, S., Aleisa, E. (2004). Relationships among US oil 

prices and oil industry equity indices. International Review of Economics and 

Finance, 13(4), 427-453. 

65. Hammoudeh, S., Yuan, Y., & Nandha, T. C. M. (2010). Symmetric and 

asymmetric US sector return volatilities in presence of oil, financial and 

economic risks. Energy Policy, 38(8), 3922-3932. 

66. Harris, R. D., & Tzavalis, E. (1999). Inference for unit roots in dynamic panels 

where the time dimension is fixed. Journal of econometrics, 91(2), 201-226. 

67. Hasan, I., Schmiedel, H., & Song, L. (2012). Growth strategies and value 

creation: what works best for stock exchanges? Financial Review, 47(3), 469-

499. 

68. Hassan, M. K., & Naka, A. (1996). Short-run and long-run dynamic linkages 

among international stock markets. International Review of Economics & 

Finance, 5(4), 387-405. 

69. Hiemstra, C., Jones, J.D. (1994), Testing for Linear and Nonlinear Granger 

Causality in the Stock Price-Volume Relation, Journal of Finance, 49(5), 1639-

1664. 

70. Hosseini, S. M., Ahmad, Z., & Lai, Y. W. (2011). The role of macroeconomic 

variables on stock market index in China and India. International Journal of 

Economics and Finance, 3(6), 233. 

71. Huang, R.D., Masulis, R.W. (1996). Energy shocks and financial markets. 



108 
 

Journal of Future Markets, 16(1), 1-27. 

72. Huang, S., An, H., Gao, X., & Huang, X. (2015). Identifying the multiscale 

impacts of crude oil price shocks on the stock market in China at the sector level. 

Physica A: Statistical Mechanics and its Applications, 434, 13-24 

73. Imbs, J. (2006). The real effects of financial integration. Journal of International 

Economics, 68(2), 296-324. 

74. Jain, P. K. (2005). Financial market design and the equity premium: Electronic 

versus floor trading. The Journal of Finance, 60(6), 2955-2985. 

75. Jin, K. (2012). Industrial structure and capital flows. The American Economic 

Review, 102(5), 2111-2146. 

76. Jones, C., Kaul, G. (1996). Oil and the stock markets. Journal of Finance, 51(2), 

463-491. 

77. Kali, R., & Reyes, J. A. (2010). Financial contagion on the international trade 

network." Economic Inquiry 48(4), 1072-1101. 

78. Kaneko, T., & Lee, B.-S. (1995). Relative importance of economic factors in the 

U.S. and Japanese stock markets. Journal of the Japanese and International 

Economics, 9(3), 290-307. 

79. Kang, W., Ratti, R. A. (2016). Policy Uncertainty in China, Oil Shocks and Stock 

Returns. Economics of Transportation, forthcoming. 

80. Kang, W., Ratti, R. A., & Yoon, K. H. (2015). The impact of oil price shocks on 

the stock market return and volatility relationship. Journal of International 

Financial Markets, Institutions and Money, 34, 41-54. 



109 
 

81. Karolyi, G. A., & Stulz, R. M. (1996). Why do markets move together? An 

investigation of US‐Japan stock return comovements. The Journal of 

Finance, 51(3), 951-986. 

82. Kearney, C., & Lucey, B. M. (2004). International equity market integration: 

Theory, evidence and implications. International Review of Financial Analysis, 

13(5), 571-583. 

83. Keating, C., & Shadwick, W. F. (2002). A universal performance measure. 

Journal of performance measurement, 6(3), 59-84. 

84. Kilian, L. (2009). Not all oil price shocks are alike: disentangling demand and 

supply shocks in the crude oil market. The American Economic Review, 99(3), 

1053-1069. 

85. Kilian, L., Park, C. (2009). The impact of oil price shocks on the U.S. Stock 

market. International Economic Review, 50(4): 1267-1287 

86. Kim, S., & Shin, E. H. (2002). A longitudinal analysis of globalization and 

regionalization in international trade: A social network approach. Social Forces, 

81(2), 445-468. 

87. King, M., Sentana, E., & Wadhwani, S. (1994). Volatility and links between 

national stock markets, Econometrica, 62(4), 901-903. 

88. Koenker, R. & Bassett, G. (1978). Regression quantiles. Econometrcia, 46(1), 

33-50. 

89. Koenker, R. & Machado, J. (1999). Goodness of fit and related inference 

processes for quantile regression. Journal of the American Statistical Association, 

94(448), 1296-1310. 



110 
 

90. Kokkoris, I., & Olivares-Caminal, R. (2008). Lessons from the recent stock 

exchange merger activity. Journal of Competition Law and Economics, 4(3), 

837-869. 

91. Kose, M. A., Prasad, E. S., & Terrones, M. E. (2006). How do trade and financial 

integration affect the relationship between growth and volatility? Journal of 

international Economics, 69(1), 176-202. 

92. Kose, M. A., Prasad, E. S., & Terrones, M. E. (2009). Does openness to 

international financial flows raise productivity growth? Journal of International 

Money and Finance, 28(4), 554-580. 

93. Kraay, A., & Ventura, J. (2002). Trade integration and risk sharing. European 

Economic Review, 46(6), 1023-1048. 

94. Kwiatkowski, D., Phillips, P. C., Schmidt, P., & Shin, Y. (1992). Testing the null 

hypothesis of stationarity against the alternative of a unit root: How sure are we 

that economic time series have a unit root? Journal of econometrics, 54(1-3), 

159-178. 

95. Levin, A., Lin, C. F., & Chu, C. S. J. (2002). Unit root tests in panel data: 

asymptotic and finite-sample properties. Journal of econometrics, 108(1), 1-24. 

96. Levy, H., & Sarnat, M. (1970). International diversification of investment 

portfolios. The American Economic Review, 60(4), 668-675. 

97. Li, H. (2012). The impact of China’s stock market reforms on its international 

stock market linkages. Quarterly Review of Economics and Finance, 52(4), 358-

368. 

98. Li, X., Jin, Y. Y., & Chen, G. (2003). Complexity and synchronization of the 



111 
 

world trade web. Physica A: Statistical Mechanics and its Applications, 328(1), 

287-296. 

99. Lin, W. L., Engle, R. F., & Ito, T. (1994). Do bulls and bears move across 

borders? International transmission of stock returns and volatility. Review of 

Financial Studies, 7(3), 507-538. 

100. Lin, C. C., Fang, C. R., & Cheng, H. P. (2010). Relationships between oil 

price shocks and stock market: an empirical analysis from greater China. China 

Economic Journal, 3(3), 241-254. 

101. Longin, F., & Solnik, B. (1995). Is the correlation in international equity 

returns constant: 1960–1990? Journal of international money and finance, 14(1), 

3-26. 

102. Longin, F., & Solnik, B. (2001). Extreme correlation of international equity 

markets. The journal of finance, 56(2), 649-676. 

103. Love, I., & Zicchino, L. (2006). Financial development and dynamic 

investment behavior: Evidence from panel VAR. The Quarterly Review of 

Economics and Finance, 46(2), 190-210.. 

104. Masih, R., Peters, S., Mello, L.D. (2011). Oil price volatility and stock price 

fluctuations in an emerging market: evidence from South Korea. Energy 

Economics, 33(5), 975-986. 

105. McAndrews, J., & Stefanadis, C. (2002). The consolidation of European stock 

exchanges. Current issues in Economics and Finance, 8(6). 

106. Miller, J.I., Ratti, R.A. (2009). Crude oil and stock markets: stability, 

instability, and bubbles. Energy Economics, 31(4), 559-568. 



112 
 

107. Mork, K. A. (1989). Oil and the macroeconomy when prices go up and down: 

an extension of Hamilton’s results. Journal of Political Economy, 97(3), 740-744. 

108. Mundell, R. A. (1957). International trade and factor mobility. American 

Economic Review, 321-335. 

109. Newman, M. E. (2004). Analysis of weighted networks. Physical Review 

E, 70(5), 056131. 

110. Nielsson, U. (2009). Stock Exchange Merger and Liquidity. Journal of 

Financial Market, vol.12(2), 229-267. 

111. Noia, C. (2001). Competition and integration among stock exchanges in 

Europe: network effects, implicit mergers and remote access. European 

Financial Management, 7(1), 39-72. 

112. Opsahl, T., Agneessens, F., & Skvoretz, J. (2010). Node centrality in weighted 

networks: Generalizing degree and shortest paths. Social Networks, 32(3), 245-

251. 

113. Opsahl, T., Colizza, V., Panzarasa, P., & Ramasco, J. J. (2008). Prominence 

and control: the weighted rich-club effect. Physical review letters, 101(16), 

168702. 

114. Ou B., Zhang X., Wang S. (2012). How does China’s macro-economy 

response to the world crude oil price shock: a structural dynamic factor model 

approach. Computers & Industrial Engineering, 63(3), 634-640. 

115. Ozsoylev, H. N., and J. Walden (2011): Asset pricing in large information 

networks, Journal of Economic Theory, 146(6), 2252–2280. 



113 
 

116. Pagano, M. (1989). Trading volume and asset liquidity. The Quarterly Journal 

of Economics, 104(2), 255-274. 

117. Pakko, M. R. (2004). A spectral analysis of the cross-country consumption 

correlation puzzle. Economics Letters, 84(3), 341-347. 

118. Papapetrou, E. (2001). Oil Price Shocks, Stock Market, Economic Activity 

and Employment in Greece. Energy Economics, 23(5), 511-532. 

119. Park, J., Ratti, R.A. (2008). Oil price shocks and stock markets in the US and 

13 European countries. Energy Economics, 30(5) 2587-2608. 

120. Phillips, P., and Perron, P. (1988). Testing for a unit root in time series 

regression. Biometrika, 75(2), 335-346. 

121. Rua, A., & Nunes, L. C. (2009). International comovement of stock market 

returns: A wavelet analysis. Journal of Empirical Finance, 16(4), 632-639. 

122. Sadorsky, P. (1999). Oil price shocks and stock market activity. Energy 

Economics, 21(5), 449-469. 

123. Santos, T., & Scheinkman, J. A. (2001). Competition among 

exchanges.Quarterly Journal of Economics, 1027-1061. 

124. Schiavo, S., Reyes, J., Fagiolo, G. (2010). International trade and financial 

integration: a weighted network analysis. Quantitative Finance, 10(4), 389-399. 

125. Shin, K., & Sohn, C. H. (2006). Trade and Financial Integration in East Asia: 

Effects on Co‐movements. The World Economy, 29(12), 1649-1669. 

126. Smith, K. L. (2001). Pre-and post-1987 crash frequency domain analysis 

among Pacific Rim equity markets. Journal of Multinational Financial 



114 
 

Management, 11(1), 69-87. 

127. Steil, B. (2001). Borderless trading and developing securities markets. Open 

Doors: Foreign Participation in Financial Systems in Developing Countries, 

327-50. 

128. Subramanian, U., & Matthijs, M. (2007). Can sub-Saharan Africa leap into 

global network trade? (Vol. 4112). World Bank Publications. 

129. Tang, K., Xiong, W. (2012). Index investement and the financialization of 

commodities. Financial Analysts Journal, 68(5), 54-74. 

130. Westerlund, J. (2007). Testing for error correction in panel data.  Oxford 

Bulletin of Economics and Statistics, 69(6), 709-748. 

131. Zhang, Q. (2011). The impact of international oil price fluctuation on China’s 

economy. Energy Procedia, 5, 1360-1364. 

 



 

CURRICULUM VITAE 

 

 

 

Academic qualifications of the thesis author, Ms. XIE Wenjing: 

 

 Received the degree of Bachelor of Business Administration from 

Shanghai University of Finance and Economics, August 2009. 

 

 Received the degree of Master of Philosophy from Lingnan 

University, November 2013. 

 

 

 

 

                 October 2016 


