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Abstract 

This thesis investigates the short term and the long term cointegration relations between 

European and Chinese, European and Russian stock markets, with a goal to define international 

diversification benefits. Whereas Russia and China are considered as developing countries, 

Europe represents a developed market. The period of study is from 1997 to 2018, which 

considers the global 2007-2008 financial crisis as a shift in the equilibrium. 

The static cointegration long run findings demonstrate scope for diversification benefits for the 

all observing markets over the whole period. With regard to the sub periods (before and after the 

global financial crisis), the outcomes suggest increase in cointegration relations between Europe 

and China after the crisis, indicating a more diversified portfolio for investors before the crisis. 

European and Russian financial time series show no changing in cointegration linkages after the 

crisis, suggesting scope for diversification gains before and after the crisis in the long run.  

The dynamic cointegration results, however, demonstrate episodic cointegrating relations over 

the whole period for the all markets. These findings also clear illustrate growth in cointegration 

linkages during the first year of the crisis for all samples, suggesting a less diversified portfolio 

during this period (for the short horizon investors), and supporting the financial contagion effect 

in the short run.  

Looking at static and dynamic results, we recommend combining both methods in order to make 

a clear conclusion about benefits from international diversification.      
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1. Introduction 

Since 1960 the subject of international diversification has been considered in many theoretical 

and empirical papers. Investors have become more and more active in investing in foreign 

financial markets. Imade (2003) noticed various causes that helped investors to seek for 

international investment opportunities. Free trade, modern transportation, communication 

technologies, free flow of capital, etc. all provided the rapid growth in international investment. 

To reduce the risk of portfolio, investors combine different investment instruments such as 

bonds, stocks, etc. Since economic cycles of different nations are not perfectly correlated and do 

not commove, mix of international assets will reduce portfolio risk. In other words, not only 

insignificant correlations between multinational stock market returns signal scope for 

diversification benefits, but also absence of cointegrating relations.  

On the other hand, over the last decades international markets have become more integrated due 

to deregulation in the money and capital markets (Gilmore and McManus, 2002). Therefore, 

nowadays, international diversification brings fewer benefits than in the past, especially by 

diversifying only in developed markets. It is because of this that, generally, stock markets of 

developed countries are more cointegrated with each other than with markets of developing 

countries.  

The issue of more cointegrated stock markets of developed countries has led to new investors’ 

attention. More and more investors started to consider emerging stock markets of Asia, Latin 

America and Russia. The capital markets of large emerging countries such as Brazil, Russia, India 

and China (BRIC) have received increasing inflow of international funds (Ghosh, Havlik, Ribeiro 

and Urban, 2009). Norris (2013) pointed out that over the period from 2002/10/09 to 

2007/10/09 the equity markets of BRIC increased by 1166, 417, 609 and 567 per cent, 

respectively of Brazil, Russia, India and China. At the same time U.S. market returned 104 per 

cent. However, over the after global financial crisis period from 2007/10/09 to 2013/10/09 U.S. 

market returned 107 per cent, while Brazil, Russia, India and China experienced a return of -32, -

41, -33 and -35 per cent, respectively. At first glance, one can easily determine losers and winners 

from this data. However, to reduce the risk of a domestic portfolio, it is important to combine 

the markets of developed and emerging countries. The less markets are cointegrated, the smaller 

will be the riskiness of a portfolio. In other words, stock markets of countries which follow 

different business cycles are attractive to be combined in order to make a more efficient 

diversified portfolio. 



 
 

2 
 

Abumustafa (2007) pointed out that emerging economies represent attractive investment 

opportunities and financial markets of these economies are suitable for long term investments. 

According to the World Bank (2018), the real GDP of Russia has started to grow in 2017 by 1.7 

per cent per a year, having negative sign years before (2015 and 2016 by -2.8 and -0.2 per cent, 

respectively). It suggests that it (GDP) will increase for the next years due to improvements in 

commodity exports (2018, 2019 and 2020 by 1.7, 1.8 and 1.8 per cent, respectively). Moreover, 

there is a growth in private consumption because of lower inflation and greater accommodative 

monetary policy.  Investments in the Russian market have recovered in 2017 after the period of 

contraction. Due to the European Union’s economic sanctions against Russia, Russian authorities 

offer special rights for European investors. More and more European companies (mostly 

German) have been increasing their investments in Russian market for the last couple of years, 

indicating stable investment growth (Godlewski, 2017). In February 2017 Markus Schäfer (head 

of the Mercedes Benz Cars) made known that “Russia is a strategically important growth market 

for Mercedes-Benz, which is already exhibiting very high turnover. That is why we are expanding 

our global network with production facilities in Yesipovo near Moscow”. After this 

announcement, the EUR 250 million investment contract was signed between Mercedes Benz 

and the Russian Ministry of Industry and Trade. This investment shows a strong confidence in 

the Russian market.  

Not surprisingly, China is the second biggest trader in the world after the U.S. The real GDP of 

China in 2017 showed a significant growth by 6.8 per cent due to fiscal support, strong recovery 

of exports and increasing net trade. There is also a robust growth in commodity imports (5.1 per 

cent in 2017), indicating a strong domestic demand and health economy. Chinese fiscal and 

financial reforms in recent years have aimed to lift out vulnerabilities in the financial sector, i.e. 

Chinese markets have become more open to foreign investors. On the 16th of August 2017 the 

Chinese government announced that more and more Chinese industries such as ship design, new 

energy sectors, railway transportation, aircraft maintenance, etc. will be available to the investors 

from abroad. According to Williams (2017), numerous global equity and emerging market 

managers expect the long run growth of Chinese capital market. In September 2017 it showed 25 

per cent growth since the beginning of the year, best performing after the global financial crisis. 

Hence, this thesis analyses the financial markets of China and Russia as they represent great 

investment opportunities for investors.   

In this study, we test financial markets of Europe, China and Russia with a goal to know whether 

there is a reason to combine investment instruments of these markets and, thus, to reduce the 
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risk of portfolio. One main conclusion of the Guidi and Ugur study (2014) was that both static 

and dynamic cointegration analyses should be combined in order to test for cointegration 

relations between stock markets. The main contribution of this research is to combine static and 

dynamic cointegration methods in order to examine the long run and the short run cointegration 

linkages between the selected markets, taking into account a structural break. The combination of 

the methods will give a careful investigation of cointegration relationships, which is necessary for 

making conclusions about benefits from international diversification into developed and 

developing stock markets.        

Firstly, we run unit root tests with a goal to test for existence of a unit root(s) in the 

autoregressive representation of each stock market index. In other words, we can define whether 

the data is non stationary (non stationary data is a precondition for running the Johansen 

cointegration test). Secondly, we conduct Johansen (1988, 1991), and Johansen, Masconi and 

Nielsen (2000) cointegration methods for analysing existence of the long run comovement trends 

and the short run dynamics between the chosen countries, allowing for a shift in the equilibrium 

such as the global financial crisis. No cointegration vectors between the stock markets indicate 

beneficial diversification for investors; otherwise, we say that the prices will be unlikely to diverge 

in the long run, although their returns (daily, weekly, etc.) could be uncorrelated. Instead of a 

single cointegration test for Europe and all developing countries, we run 2 tests (Europe and 

Russia, Europe and China) to keep away from the risk of inferring cointegration (Guidi and 

Ugur, 2014). Put it differently, by running the single multiple cointegration test, cointegration 

may appear due to cointegration between the emerging markets (Russia and China). Additionally, 

series that show cointegration are tested for Granger causal relations with a goal to understand 

direction of relations. 

The remainder of this thesis is organised as follows. Section 1 continues with representing 

problem discussion, research question, purpose and delimitations of this thesis. In section 2 we 

review the literature. Section 3 provides the relevant theoretical background which helps to 

understand the methodology and calculations made in this thesis. It highlights the importance of 

international diversification. Some important definitions to certain figures such as cointegration 

and correlation are also included in this section. In Section 4, we describe the data and introduce 

our methodology of unit root, cointegration and causality tests. Section 5 presents the empirical 

results. In Section 6 the main results and their implications for investor decisions are summarised. 
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1.1. Problem discussion 

To benefit from international diversification and to reduce the idiosyncratic risk of a portfolio, 

investor’s portfolio should include financial market securities of countries which economic cycles 

are not cointegrated. In this thesis we examine, whether the selected stock markets of emerging 

countries are cointegrated with their developed counterpart and, therefore, whether 

diversification brings benefits from investing in the selected countries. If two markets have no 

common stochastic trends, then the diversifying into these markets is effective.  

The world financial crisis 2007-2008 has spread among all economies: developed and emerging; 

affecting equity markets around the world. Some nations experienced more rapid and severe 

market crash, others less. Nevertheless, the crisis affected all equity markets to move in the same 

direction for some period of time. In other words, the effect of the global financial contagion has 

timely varied among the nations. This study contrasts with many previous cointegration articles 

by investigating relations not only before and after the crisis in the long run, but it also takes into 

consideration the short run dynamics. 

Although investors diversify their portfolios by investing more and more into emerging markets 

(Goldman Sachs, 2018), they (investors) still bring small attention to these markets. The markets 

of Russia and China are not exceptions. This study examines how benefit diversification between 

European and Chinese as well as between European and Russian financial markets in the long 

and in the short run is, from the perspective of a European investor. Whereas Europe stands for 

a developed market, Russia and China represent developing economies. To understand, whether 

diversification would have been successful or not, we should know whether the developed 

market had cointegrated with the emerging markets. No cointegration between these markets 

suggests that investors would have built a more diversified portfolio; otherwise, diversification 

effect would have brought fewer benefits (a less diversified portfolio). Moreover, to test the 

effect of financial contagion in the long run we split up the observing period into two sub 

periods, whilst short run dynamics are tested by running a rolling window approach. This will 

help to understand, whether the crisis made any difference in the cointegration relations of the 

chosen markets in the long and in the short term. In other words, we want to examine, whether 

international stock markets have become more cointegrated after the financial crisis in 2007. 
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1.2. Research question 

The question of this research is set by follows: How the global financial crisis affected financial 

cointegration linkages between the chosen developed and emerging stock markets in the short 

and in the long run?  

1.3. Purpose  

One of the reasons of the studies on cointegration between stock markets is the potential gains 

of international portfolio diversification. In this paper, we determine the relationships (the 

number of cointegrating vectors) between stock markets of developed and emerging countries. 

For this purpose, we run unit root and Johansen cointegration tests. The overall contribution of 

this research is to provide an accurate and precise cointegration analysis of the selected stock 

markets. The study considers both static and dynamic cointegration procedures, taking into 

account a equilibrium shift such as the global financial crisis. Answering the research question, we 

can say whether portfolios of the chosen markets have become more diversified after the crisis or 

not.   

This study and the findings will help European investors to make their investment decisions by 

investing in the Chinese and Russian stock markets. While most of the cointegration literature 

explain the benefits of international diversification (Asia, Latin America and Russia) from the 

point of U.S. investor, the few integration studies focus on how European investors benefit from 

investing in the stock markets of China and Russia. Our results will help them (investors) to be 

more familiar with investing in the emerging markets. In addition, investors can determine new 

right long term abroad investment opportunities and can reallocate assets in their portfolios with 

a goal to maximise the return and minimise the risk of their portfolios. As well as long term 

investors, short term investors will also benefit from this study. The dynamic cointegration 

analysis will show how cointegration changes over different times; during, before and after the 

crisis. Our research will also contribute to the growing literature in this field. Academics and 

scholars can consider our thesis for the future development of research on stock market 

cointegration. This quantitative analysis also offers valuable information to policy makers who 

want to implement effective mechanisms for supervising international capital in- and outflows, 

and who want to find some new international capital destinations.   
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1.4. Delimitations 

A number of macroeconomic factors affects stock markets to move in the same or opposite 

directions. Inflation, exchange rate risk, unemployment rate, lack of market knowledge, 

liquidation problems in smaller markets, etc. may help to understand the movement trend 

(Pretorius, 2002; Moss and Thuotte, 2013). Take, for instance, Gross Domestic Product, which 

indicates the total economy’s output.  If two or more countries face growing GDP at the same 

time, the effect of growing GDP will contribute to those financial markets to move in one 

direction, if there are no other influential. Macroeconomic factors will not be taken into account 

in this research, except of exchange rate risk. To make series more comparable and avoid 

exchange rate risk, exchange rate will be considered in this study as dynamic, i.e. we multiply each 

weekly stock price by the corresponding weekly spot rate. Furthermore, while our cointegration 

analysis may suggest that there is relationship between stock markets of developed and 

developing countries, it will not provide the causes of such relationship. 

It is also important to mention the country risk. This risk consists of transfer and convertibility 

risk, i.e. when governments control capital and exchange operations. Moreover, the country risk 

takes into account circumstances such as revolution, civil disturbances, nature disasters, etc. 

Following the OECD report (2018) Russia has a country risk of 4 points, whereas China has a 

country risk of 2 points; both indicating a medium country’s level of risk (the highest risk is given 

by 7 points). In this study, the country risk will be behind the scenes.       

The stock indices are considered in this research as representatives of countries’ economies. We 

chose the indices that can reflect an economy as much as possible. The selected indices consist of 

the largest and most liquid capitalisation companies, covering most sectors of the economies. For 

cointegration analysis we consider the data over the period from 1997 to 2018. Stock markets of 

Europe, China and Russia were chosen for analysing long run co-movements and short run 

cointegration dynamics. Thomson Reuters Datastream is used for extracting the data: weekly 

stock prices and weekly EUR/U.S. exchange rates.  

Since financial time series tend to behave not normally distributed (Kosapattarapim, Lin and 

McCrae, 2013), we disregard the non normality of the time series and of the VAR residuals 

(Lucey and Voronkova, 2008; Guidi and Ugur, 2014; Guidi, Savva and Ugur, 2016). Moreover, 

for all statistical tests in EViews and Stata we consider 5 per cent p value level of significance. 
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2. Previous research 

A number of empirical and theoretical cointegration research (Granger 1986; Meric and Meric 

1989; Chan, Gup and Pan, 1992; DeFusco, Geppert and Tsetsekos, 1996; Kempa and Nelles, 

2001, Baele and Inghelbrecht, 2009) suggest that if two stock markets are cointegrated with each 

other in the long term, then diversification benefits can not be achieved. The benefit of investing 

in developed and emerging countries is larger than the benefit of investing only in developed 

markets. Johansen (1988, 1991) presented his cointegration methodology of non-stationary data 

that has been used in many empirical studies to test relationships between stock market prices.  

One of the pioneer testers was Kasa (1992). He investigated integration among equity markets of 

Canada, U.S., England, Germany and Japan. All countries he tested represent developed 

economies. He found a single common trend driving the long-term comovement of these equity 

markets. He concluded that investors would not have benefited from international diversification 

among these markets. Kasa (1992, p.115) noted “I find it remarkable that a single series, in 

conjunction with a vector of factor loadings can do such a good job of tracking these five 

countries’ stock markets”. One limitation of his study was that he assumed real exchange rates as 

stationary and not as dynamic.  

Chan, Gup and Pan (1997) wanted to know how globalisation of security markets influenced the 

comovement of stock markets around the world. Apart from previous studies, which tested 

integration of a smaller number of countries, the authors run Johansen cointegration tests for 

eighteen equity markets, using monthly data over the period of 32 years. Their test included not 

only developed countries, but also developing nations such as India and Pakistan. Moreover, they 

tested the contagion effect regarding to the stock market crash in October 1987. Their results 

demonstrated that investors could have benefited from international diversification among the 

selected nations since only small number of stocks presented cointegration. Moreover, there were 

more significant cointegrating vectors before the stock crush in 1987 than after, indicating no 

support for the contagion effect. In contrast to these results, our results suggest that the stock 

markets of Europe and China have become cointegrated after the crisis. Another important 

study, running the Johansen procedure, is published by De Fusco, Geppert, Tsetsekos (1996). 

They observed the U.S. and thirteen emerging capital markets, using weekly stock prices. Their 

findings indicated no cointegration among equity indices of Asia, Latin America and USA over 

the period 1989-1993, suggesting effective diversification across these regions.   
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Manning (2002) tested common trends in South East Asian equity markets, taking U.S. market as 

external, over the period 1988-1999. In his work, he considered the data (stock returns) in U.S. 

currency and in domestic currency in order to see the difference among the markets´ fortunes. 

Furthermore, he applied sub periods for the reason to investigate not only comovement of the 

markets, but also tendency for convergence, considering the Asian financial crisis 1997. The 

Johansen procedure findings suggested clear evidence of cointegration among Asian markets, 

however less convergence when U.S. is included in the sample. In addition to that, Manning 

(2002, p.198) pointed out that there is “little evidence of pairwise cointegration between any two 

markets”, indicating scope for arbitrage opportunities and diversification gains. The results also 

indicated that there is more comovement among the stock markets, when considering the US 

dollar series and when the United States are included in the sample. Hence, the exchange rate has an 

influence on the common trends. 

Voronkova (2004) investigated the existence of long term linkages between Central European 

emerging markets and some developed counterparts in Europe and USA over the period from 

1993-2002, allowing for a structural break in long term relations. Testing residual-based test for 

cointegration of Gregory and Hansen (1996), which takes into account a structural break, they 

found six additional cointegration vectors compared to conventional cointegration tests. The 

authors found stronger evidence on cointegration and their conclusion was that the Central 

European emerging markets became progressively integrated with their developed counterparts. 

These results are contradicting with the results from this study which indicate no cointegration 

between developed and developing countries over the whole period.  

Gilmore, Lucey and McManus (2008) examined the short term and the long run cointegration 

linkages between developed European Union and the emerging European Union stock markets, 

from 1995 to 2005. They took into consideration 1997-1998 Russian-Asian crises and 2000-2001 

the international stock market decrease. A milestone of the cointegration research was the 

presenting of dynamic cointegration analysis, using a recursive method and rolling window (length of 2 

years) approaches, in order to test time varying nature of equity market relations. The static 

cointegration analysis (Johansen) showed no long run comovements between the chosen 

markets, whereas the dynamic analysis presented episodic short run cointegration (mostly during 

the crises, supporting the effect of financial contagion in the short term), supporting short run 

dynamic findings in this study. 

Lucey and Voronkova (2008) presented their cointegration analysis, examining the linkages 

between Russia and some developed and emerging nations over the period 1994-2005. They 
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tested whether the Russian equity market is influenced by international markets in the long run. 

Moreover, the Russian debt crisis of 1998 was taken into account in order to examine the 

contagion effect. The results of the test demonstrate no long run relationship over the whole 

period, but also there were no increase in the number of cointegrating vectors after the debt 

crisis, suggesting that investors would have benefited from diversifying into these markets. These 

findings consistent with the findings from our analysis, suggesting no comovements of Russian 

stock market and its developed counterpart. Lucey and Voronkova (2008, p. 1320) concluded 

“Russia appears to have been and to remain segmented from the world equity markets”. 

Guidi and Ugur (2014) investigated the short run and long run relationship between emerging 

South-Eastern European (SEE) stock markets and their developed counterparts over the after 

millennium period from 2000 to 2013. The static cointegration approach showed evidence in the 

long term relationship of SEE countries with the UK and Germany, but no such relationship of 

SEE countries with the United States. Their findings contradict with the results of Syrioupoulus 

and Roumpis (2009) and Kenourgios and Samitas (2011), who found comovement stock markets 

of developed countries (the USA, the UK and Germany) with the markets of SEE. The reason 

for these results is that the Johansen test in their analyses was set for the all markets together, 

including developed and emerging countries, while Guidi and Ugur set few cointegration tests (the 

UK with SEE, U.S. with SEE and Germany with SEE) in order to avoid the inferring cointegration 

risk. Moreover, the authors pointed out that static cointegration tests should be implemented together 

with dynamic (rolling windows) cointegration tests in order to provide more clearly empirical 

cointegration results. Then, not only long term investors, but also short term investors can 

benefit from the more complex analysis. Their dynamic findings as well as the findings from this 

research showed the existence of cointegration relations during the worldwide financial crisis. 

Hence, the financial contagion took a place during the crisis between the SSE and the developed 

counterparts. 

Nashier (2015) investigated the long term linkages among the BRICS countries and their 

developed counterparts such as the U.K. and the U.S., over the period (2004-2013) The 

multivariate cointegration tests showed common market movements of Russia, South Africa and 

U.K., whereas China was not cointegrated with any country from the sample. However, our 

results suggest that China and Europe have moved in tandem during the period 2007-2018.  

Guidi, Ugur and Savva (2016) examined systematically the long term relationships and short term 

dynamics among the Greater China region (Hong Kong SAR, Taiwan and Mainland China) the 

US and the UK over the period 1991-2013 from the point of view of both US and UK investors. The 
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prices were taken in UK pounds and in US dollars since foreign investors make their investment 

decisions based on the prices denominated in the own currency (Guidi, Savva, Ugur, 2016). They 

presented descriptive statistics for stock market returns and run the Johansen cointegration test. 

The static cointegration analysis showed common stochastic trends between the Greater China 

markets and the UK and between the U.S. and the Greater China markets, suggesting that the 

Greater China markets cointegrated with the UK and with the USA in the long run. On the other 

hand, the dynamic investigation showed only episodic comovements between the Greater China 

region and the developed UK and U.S. Our results, however, indicate no common stochastic 

trends between China and its developed counterpart over the period of 20 years, whereas short 

run trends exist. In their papers, Guidi, Ugur and Savva noticed the importance of the weekly 

frequency data in order to deal with the time difference problem and to reduce “noise” caused by 

daily data. 

Noteworthy, we find lack of empirical literature testing a static Johansen cointegration approach 

among Russia, China and Europe, from the perspective of a European investor; i.e. when we 

consider European Union as a unity. There is also lack of investigation, considering the period 

between 2013 and 2018. Hence, in the following we investigate the long run relationships and the 

short run dynamics between Europe, China and Russia, taking into account all the above 

mentioned points. We also run the Johansen procedure for the whole period, considering a 

structural break, to be more familiar with the previous research.  

The reviewed empirical literature on static cointegration suggests that there is no clear presence 

of comovement of the chosen countries. Moreover, there is no clear evidence on the financial 

contagion effect during any of economic crises. Most of results demonstrate financial contagion 

during the common crises, whereas in the long run the contagion effect disappears. The results 

depend on many factors: countries included in the analysis (allocation, developed or developing), 

time varying periods, size of crisis (global or local), etc. In this empirical study, we test the 

Johansen cointegration approach on the chosen stock markets in order to see how the European 

stock market has commoved with the developing markets, before and after the crisis in the long 

and in the short term.   

3. Theoretical basis 

The idiom from Miguel Cervantes’ (2003) novel “Don Quixote”, which reads “It is the part of a 

wise man to keep himself today for tomorrow, and not venture all his eggs in one basket”, tells 

investors not to allocate their investments only to one particular market or country. Instead, it 
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suggests spreading investments across a number of different securities, markets and countries. 

Since various types of securities behave differently in different market situations, an efficient 

diversified portfolio leads to reducing the risk of a portfolio. Diversified portfolios across nations 

should bring less risk for the same level of return and higher return for the same level of risk, 

comparing to the domestic portfolios (Fisher, 2012).   

This section illustrates the theoretical basis related to the benefits of international diversification. 

First and foremost, we represent the main features of portfolio diversification power. It helps to 

understand how international diversification is important by making investment decisions. 

Moreover, we give the definitions of some important figures such as correlation and 

cointegration. The explanation and importance of financial contagion is also represented in this 

section. Based on this theory, the analysis of cointegration relations between Europe and its 

emerging counterparts is provided in Sections 4 and 5.    

3.1. Risk and diversification 

Risk is defined as a chance to gain a higher expected return than the actual return. In accordance 

with the Capital Asset Pricing Theory, there are two types of risk: systematic and idiosyncratic. 

Systematic risk is not diversifiable since it is related to the whole market. Some examples of 

systematic risk are inflations, economic growth, financial crises, etc. Idiosyncratic risk, however, 

can be eradicated by increasing the number of stocks in a portfolio.  Managerial or investment 

decisions of a particular company are examples of idiosyncratic risk. Although the risk can not be 

completely ruled out (due to systematic risk), diversification helps to minimise the risk of an 

investment. Hence, diversification may be achieved by reducing of idiosyncratic risk. Figure 1 

illustrates the way of cutting down idiosyncratic risk. 

Figure 1. Decline in idiosyncratic risk 
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Since the risk of holding only one stock is greater than the risk of the whole portfolio, 

investments should be scattered among different securities with different risks and rates of 

return. Put it differently, portfolio’s standard deviation drops when the number of stocks in the 

portfolio increases. 

3.2. Standard deviation, rate of return and efficient frontier 

Portfolio risk is measured by standard deviation, i.e. by variance (squared standard deviation). 

The weighted sum of the standard deviations of the portfolio’s single stocks represents the 

standard deviation of the portfolio. A high standard deviation indicates that performance of the 

financial instrument varies swiftly either in a positive or a negative way. According to Capital 

Asset Pricing Theory, portfolio’s standard deviation will decrease when the number of stocks in it 

goes up. The expected portfolio’s return is the weighted average of the expected returns of the 

stocks added in this portfolio. A rate of return (RoR) represents a change of investment over a 

particular period of time. If RoR is negative, there is investment’s lost, otherwise investors gain 

from investment.    

Let us assume a portfolio consist of 2 stocks: 1 stock and 2 stock, and invest our funds in these 

stocks. The expected return of the entire portfolio defined as: 

(1) 𝐸(𝑟𝑝) = 𝑤1 ∗ 𝐸(𝑟1) + 𝑤2 ∗ 𝐸(𝑟2), 

Where 𝐸(𝑟1) and 𝐸(𝑟2) – the expected returns of 1 and 2 stocks, respectively;  𝑤1 and 𝑤2- the 

weights of the entire funds invested in 1 stock and 2 stock. These weights we want to define. 

First we will calculate the variance of the portfolio:  

(2) 𝜎2 = 𝑤1
2 ∗ 𝜎1

2 + 𝑤2
2 ∗ 𝜎2

2 + 2 ∗ 𝑤1 ∗ 𝑤2 ∗ 𝑐𝑜𝑣(𝑟1, 𝑟2), 

Where 𝜎1
2 and 𝜎2

2 variances of 1 stock and 2 stock;  𝑐𝑜𝑣(𝑟1, 𝑟2) = 𝜌1,2*𝜎1 ∗ 𝜎2; 𝜌1,2 – correlation 

between 1 and 2 stocks. 

The Capital Asset Pricing Theory tells that efficient frontier offers the lowest risk for a given level 

of expected return or the maximum expected return for a given level of risk. Next, we plot the 

relationship between the return and the variance of a portfolio. Figure 2 illustrates a set of 

portfolios for different weights of 1 and 2 stocks.  
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Figure 2. Efficient frontier and optimal risky portoflio 

 

The curved line is the frontier of two stocks. It shows the minimum standard deviation that can 

be achieved for each level of expected return. As a measure for the risk of a portfolio, we use 

standard deviation of a portfolio’s return, whereas expected return is defined as a measure for the 

return of a portfolio. There are also portfolios on the efficient frontier that are unattractive (bring 

less return) comparing to the portfolios with the same standard deviation. These portfolios lie 

below the global minimum variance portfolio (yellow line below the red dot).  

All portfolios that lie above the global minimum variance portfolio (the red dot) are called the 

efficient frontier. They offer the best return for a given level of risk. Looking at the efficient 

frontier, it is evident, that standard deviation increases with the higher expected return. In other 

words, an investor who wants to gain higher expected return should accept more risk. A rational 

investor would hold a portfolio located on the efficient frontier. These portfolios are constructed 

with a perfect balance between risk and return and, therefore, are called efficient.  

Moreover, Figure 2 also illustrates optimal risky portfolio with the highest Sharpe ratio. This 

portfolio is located where the capital allocation line is tangent to the efficient frontier (the blue 

square). This portfolio is called optimal risky portfolio. Investors combine this portfolio with a 

risky free asset in order to optimise portfolio depending on investor’s risk preference. 

3.3. Correlation 

Correlation is defined as a statistical relationship between two series. With regard to the stock 

prices, correlation measures how similar returns of two stocks move (Philips, Walker and 

Kinniry, 2012). A “perfect” correlation between two stocks (i.e. equals to one), for instance, says 
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that these stocks have a linear relationship. However, in real word, it is almost impossible to find 

a perfect correlation between any two stocks. “Uncorrelated” stocks, on the other hand, do not 

follow any linear relationship (Philips, Walker and Kinniry, 2012). By combining uncorrelated 

stocks, investors will reduce the risk of a portfolio.  

Nowadays, due to liberalisation and the emergence of new capital markets, investors more and 

more interested in spreading their investment globally (Wong, Penm, Terrel and Lim, 2004). 

International diversification provides investors a large set of securities. Some of them have high 

correlation with each other, others are low correlated. As it was mentioned above, to make a 

more efficient portfolio, the stocks included in it should have lower correlation. Correlation 

between international stock markets varies enormously, depending on economic cycles of each 

country. In a number of studies (Cosset and Suret, 1995; Abumustafa, 2007) was concluded that 

stock markets of developed countries are more correlated with each other in a long run than with 

stock markets of emerging countries. Put differently, spreading investment among different less 

correlated economies will bring more benefits (Madura and Brien, 1991).        

3.4. Cointegration 

In econometrics, cointegration methodology allows estimating and testing stationary linear 

linkages, i.e. cointegration relationships, between non stationary time series (Engle and Granger, 

1987). Stock prices, interest rates, consumption and income all represent such time series. In 

contrast to correlation, cointegration does not explain whether the data series move in the same 

or opposite direction, however, it says whether the distance between the series remains stable 

over time. 

Alexander (2008, p. 228) defined cointegrated series as “a set of integrated series are cointegrated if 

there is a linear combination of these series that is stationary”. Take, for instance, two non 

stationary time series 𝑋𝑡 and 𝑌𝑡 , and they both integrated of order one I(1), which means that 

each series have a unit root(s) (example “random walk”), and the first differences have no unit 

root(s). Most of economic series follow I(1) processes, i.e. the series “drift all over the place” 

(Sorensen, 2005). 

 𝑋𝑡 and 𝑌𝑡 will be cointegrated if there is a parameter 𝛼 so that 

(3) 𝑍𝑡 = 𝑌𝑡 − 𝛼 ∗ 𝑋𝑡  
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is a stationary process, where 𝑍𝑡 is a deviation from the long run equilibrium (disequilibrium). 

The long term equilibrium relations between 𝑋𝑡 and 𝑌𝑡 are determined by the expected value of 

𝑍𝑡, where the observed value of  𝑍𝑡 changes around its expected value in instability times 

(Alexander, 2008).  

The Johansen procedure is based on determination of a number of cointegrating vectors. A 

vector of constant coefficients in 𝑍𝑡 represents the cointegrating vector. If we have two 

integrated processes 𝑋𝑡 and 𝑌𝑡 , then the cointegrating vector can be described as (1, - 𝛼). There is 

only one cointegrating vector for two cointegrated variables. In other words, if there were more 

than one vector, the original process should be described as stationary. The maximum number of 

cointegrating vectors can be defined as (n – 1), where n is a number of observing data series.  In 

general terms, if two time series are non stationary, but their linear combination is stationary, 

then we may say that the series are cointegrated.  

3.5. Financial contagion 

The effects of the recent financial global crisis have spread around the world, influencing not 

only financial industry, but many others such as machinery or pharmacy. In large number of 

countries there has been superior reduction in economic and financial activities. Despite the fact 

that international financial integration brings economic growth and increase in efficiency, the 

financial global instability was caused by international banking integration (OECD, 2012), which 

has led to international financial contagion. Lupu (2012) defined financial contagion as “a 

complex and multivariate process, with no widely accepted definition”. She noticed that financial 

contagion is often associated with financial crises. The presence of contagion may be detected 

through increasing cointegration linkages after market’s boom or collapse. If, after the market 

shock has appeared, cointegration between markets increase, one can conclude that the markets 

face the financial contagion. In other words, the global market crush affects international markets 

to move together. However, this move may timely differ, depending on the country.  

A number of cointegration researchers investigated market shocks (mostly crises) in order to 

understand the spread of financial contagion to other countries (King and Wadhwani, 1990; 

Jochum, Kirchgässner and Platek 1999; Zhang, Li and Yu, 2013). Some of them concluded the 

presence of financial contagion, others the absence. The results vary since many factors play a 

role: the extent of crisis, the duration of observing period, the economic cycles of countries 

(developed or emerging), the time series data (daily, weekly or monthly), etc. In this thesis we 

examine the financial contagion of the recent financial crisis on the chosen countries. 



 
 

16 
 

4. Data and methodology  

In general, econometric cointegration analysis provides examining of the comovement of any 

economic time series data such as stock prices. In this section we describe the data which is used 

for this study. We also explain the step by step technical methodology. The findings of this 

analysis will tell us whether the chosen stock markets are cointegrated, i.e. whether they follow 

the long term common stochastic trends. If two markets follow a common stochastic trend, then 

we can say that these markets indicate a great degree of financial integration and investing in 

these markets is not a good choice (by investing only in these markets). On the other hand, if 

there is no cointegration, then the markets suggest independence from each other and, therefore, 

portfolio of these markets is more diversified, and it is beneficial for investors. 

For our analysis, we consider the period of twenty years (1997-2018) with a structural break on 

the 04th of October 2007 (when the market crush began). Firstly, we observe cointegration 

linkages for the whole period of twenty years, taking into account a shift in the equilibrium (the 

beginning of the crisis). In order to test it, we will use the Johansen, Masconi and Nielsen (2000) 

approach. Secondly, we split up the observing period into the two sub periods, ten years before 

(1997-2008) and ten years after (2008-2018) the global financial crisis; with a goal to understand, 

whether the crisis made any difference in cointegration of the chosen markets (methodology 

Johansen, 1988, 1991). In other words, we want to see whether international stock markets have 

become more integrated after the market crush in 2007. By finding cointegration vectors, we also 

run Granger non causality test (Toda and Yamamoto approach, 1995) in order to find in which 

directions markets affect each other. Thirdly, the short term cointegration dynamics (rolling 

windows of 2 years) will be analysed in this study, in order to better understand the financial 

contagion effect and the time varying comovements of the markets.   

4.1. Chinese, Russian and European stock markets: description and data 

We analyse the stock markets consisted of the Shanghai Stock Exchange Composite Index 

(SSEC), the Russian Trading System Index (RTSI) and the STOXX Europe 600 Index, with the 

last one representing the developed European market.  

The Mainland China stock market consists of the Shenzen and the Shanghai stock exchanges. In 

our research we take Shanghai stock market since this market is larger. The Shanghai Stock 

Exchange Composite Index is a capitalisation-weighted index which consists of all stocks traded 

on the Shanghai Stock Exchange. We extracted the prices of B-listed shares (denominated in US 

dollars) of the Shanghai Stock Exchange since A-share market has limitations to foreign 
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investors1. A number of researches investigated comovement relationships of China stock market 

with others using the SSEC Index data (Xu and Hamori, 2012; Zhang, Li and Yu, 2013; 

Lehkonen and Heimonen, 2014; Zhong, Chang and Tzeng, 2014).  

The Russian Trading System Index is the main Russian US-denominated index preferred by 

foreign investors. The Index includes 50 major Russian stocks covering most of the Russian 

economy. According to Viliardos (2015), if foreign investors start to observe the Russian stock 

market for investment opportunities, they should start with the RTS Index. Not only because it 

has been a weighted average index, but also because it gives a clear representation of the market 

trends and therefore of the Russian economy. This Index was also considered in the 

cointegration analyses of Lehkonen and Heimonen (2014); Zhong, Chang, and Tzeng (2014).  

With regard to Europe countries, all authors of previous cointegration empirical papers kept 

focus on common stochastic trends between particular European countries (mostly the UK and 

Germany) and other countries. We could not even find any empirical paper that considers 

Europe as a single entity.  Since our analysis is made from the point of view of a European 

investor, we chose the European STOXX Europe 600 Index which represents capitalisation 

companies from seventeen countries across Europe, including North, East, West, Central and 

South Europe. This index covers about 90 per cent of the free float European market 

capitalisation companies. The stock prices were extracted in Euro currency. 

We extracted stock market prices with weekly frequency and not with daily for two reasons2. 

First, by investigating international stock markets linkages, the weekly data should be used to deal 

with a problem of time difference (Lo and MacKinlay, 1990; Burns, Engle, Mezrich, 1998; Sheng 

and Tu, 2000; Guidi, Savva and Ugur, 2016). Second, weekly returns reduce the risk of generating 

noise in the data such as unrealistic kurtosis (Garman and Klass, 1980; You and Diagler, 2010; 

Guidi and Ugur, 2014). Moreover, the weekly stock market prices were obtained each Wednesday 

to reduce the cross-country differences in weekend market closings (Beirne, Caporale, Schulza-

Gattle and Spagnolo, 2010; Guidi and Ugur, 2014).  

Furthermore, we consider the period of study from the 22nd of May 1997 to the 08th of February 

2018, having in total 1082 weekly observations. Each sub period consist of 541 weekly prices. As 

a breakpoint we consider the start of the crush, on the 04th of October 2007. The Europe Euro 

series are calculated by multiplying weekly U.S. dollar prices of Russian and Chinese indices by 

                                                             
1 SSE stocks are divided into two groups (A and B shares). A shares designed for domestic investors, while B shares 
for all investors (mostly, for foreign) (Rösch, 2006) 
2 The monthly data was not obtained because it provides too few observations for making precise analysis. 
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weekly spot Euro/U.S. exchange rates. The data (stock prices and spot exchange rates) were 

obtained from Thomson Reuters Datastream. In order to reflect more correct normal 

distribution for the financial series, the analysis is run by using logarithmic stock market prices. 

The static cointegration analysis is run by econometric solution EViews 10, whereas the short 

time cointegration dynamics are observed through econometric software package STATA. 

4.2. Methodology  

This section provides the step by step methodology which will be used for analysing market 

cointegration and benefits of international diversification. This procedure was also followed in a 

number of empirical researches on cointegration (Kasa, 1992; Chan, Gup and Pan, 1997; Gilmore 

and McManus, 2002; Manning, 2002; Guidi and Ugur, 2014). We use the cointegration method 

presented by Johansen (1988, 1991) to investigate the long term relationships among the chosen 

stock markets in order to understand whether benefits of international diversification take place.  

As a first step, the presence of a unit root in the autoregressive process of each price index 

should be tested in order to apply the Johansen maximum likelihood method (Johansen, 1988). 

Generally, the stock market returns are stationary, whereas the log price returns are not stationary 

and therefore the log series should be considered for examining the long term relationships 

among international indices (Manning, 2002). Johansen approach is based on determination 

cointegration vectors of non-stationary time series. Therefore, we need to know whether the data 

stationary is or not. Since we observe the long period and have a large number of observations, 

there must be structural breaks in the data series. Hence, the modified Dickey-Fuller breakpoint 

unit root test on the log series is applied in this study to test for stationarity as “first generation” 

unit root tests may mislead. If the log prices consist of unit roots and the first differences do not, 

then we can apply the Johansen procedure for testing cointegration linkages between non-

stationary series. In the following we explain the unit root test and the Johansen autoregressive 

method.   

4.2.1. Augmented Dickey-Fuller test 

Dickey and Fuller (1979) presented the procedure for testing unit roots in time series data. They 

considered three differential form autoregressive formulas to test the presence of a unit root, 

considering time series 𝑌1, 𝑌2, … , 𝑌𝑛:  

(4) ∆𝑌𝑡 =  𝛿 ∗ 𝑌𝑡−1 + ∑ 𝛾𝑖 ∗ ∆𝑌𝑡−𝑖 + 휀𝑡
𝑚
𝑖=1 , 

(5) ∆𝑌𝑡 =  𝛼 + 𝛿 ∗ 𝑌𝑡−1 + ∑ 𝛾𝑖 ∗ ∆𝑌𝑡−𝑖 + 휀𝑡
𝑚
𝑖=1 , 
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(6) ∆𝑌𝑡 =  𝛼 + 𝛽 ∗ 𝑡 + 𝛿 ∗ 𝑌𝑡−1 + ∑ 𝛾𝑖 ∗ ∆𝑌𝑡−𝑖 + 휀𝑡
𝑚
𝑖=1 , where 

𝛼– an intercept constant (drift), 𝛽– a coefficient on a time trend, t – a trend, 𝛿 – a coefficient 

which presents unit root process (matter of testing), 𝛾𝑖 – the lag order of the first differences 

autoregressive process, 휀𝑡 – a pure white noise error term. A drift term and a linear time trend 

represent the difference between three formulas. 

H0: 𝛿 =0, the presence of unit root, non-stationary process 

H1: 𝛿 <0, absence of unit root, stationary process 

A central point of testing is coefficient  𝛿. If 𝛿 is equal to zero, then the original process 

𝑌1, 𝑌2, … , 𝑌𝑛 has a unit root. Hence, we can not reject the null hypothesis and the data is non-

stationary, which is a precondition for running the Johansen test. ADF methodology requires 

OLS method for finding the coefficients. 

4.2.2. Unit root test with a breakpoint 

Perron (1989) noted that structural changes in the trend and unit roots are closely connected, and 

the “first generation” unit root test results can be misleading due to reduction of the ability to 

reject a false unit root hypothesis (Type II error increases). Perrons’ procedure allows testing for 

levels and trends that differ across a single break point. The author modified Dickey-Fuller test 

by including dummy variables to account for one structural shift. 

The trend stationary model with breaks in the intercept and trend is considered for modeling 

break dynamics in this analysis. The null hypothesis of a unit root is characterised by dummy 

variables that equal to one at the time of a break. The hypothesis is set as follows: 

(7) 𝑌𝑡 = 𝛼1 + 𝑌𝑡−1 + 𝑑𝐷(𝑇𝐵)𝑡 + (𝛼2 − 𝛼1) ∗ 𝐷𝑈𝑡 + 휀𝑡 , where 

𝐷(𝑇𝐵)𝑡 = 1 if t = 𝑇𝑏 + 1, and 0 otherwise 

𝐷𝑈𝑡= 1 if t > 𝑇𝑏, and 0 otherwise; 𝑇𝑏 – the time of a break, 𝑑 – a trend break coefficient 휀𝑡 – 

innovation series  

The alternative hypothesis is defined as follows: 

(8) 𝑦𝑡 = 𝛼1 + 𝑏1 ∗ 𝑡 + (𝛼2 − 𝛼1) ∗ 𝐷𝑈𝑡 + (𝛽2 − 𝛽1) ∗ 𝐷𝑇𝑡 + 휀𝑡, where 

𝐷𝑇𝑡 = t if t > 𝑇𝑏, and 0 otherwise 
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This model allows for the two effects at the same time (changes in the level and in the growth): 

the drift parameter 𝛼1 (the intercept of the drift function) changes from 𝛼2 to 𝛼1 at time 𝑇𝑏; and 

the slope parameter 𝛽1changes from 𝑏2 to 𝑏1 at time 𝑇𝑏. 

After meeting the requirements of non stationarity, the Johansen cointegration approach should 

be employed to test for cointegration between the time series. 

4.2.3. Johansen cointegration analysis 

The Johansen cointegration procedure has been widely accepted by academics and scholars in a 

number of empirical studies on testing long term relationships of stock market prices. Kasa 

(1992); Chan, Gup and Pan (1997); Manning (2002); Gilmore and McManus (2002), Lucey and 

Voronkova (2008), Demian (2011), Kenourgios and Padhi (2012), Guidi and Ugur (2014), Guidi, 

Ugur and Savva (2016), they all rely on this approach to make conclusions on benefits from 

international diversification. 

Engle and Granger (1987) estimated the cointegration linkages by using regression analysis. 

Johansen (1988 and 1991) extended their (Engle and Granger’s) approach to a multivariate 

framework. This methodology is based on finding the number of cointegration linkages among 

the time series. For this reason, two test statistics are used: the lambda trace (𝜆𝑡𝑟𝑎𝑐𝑒) and the 

lambda max (𝜆𝑚𝑎𝑥) .  

Johansen (1988, 1991) uses a following vector autoregression (VAR) model of order k: 

(9) 𝑌𝑡 =  𝐴1 ∗ 𝑌𝑡−1 +  𝐴2 ∗ 𝑌𝑡−2 + … +  𝐴𝑛𝑘 ∗ 𝑌𝑡−𝑘+휀𝑡 , where 

 𝑌𝑡 – a vector of non stationary time series at time t, 휀𝑡- a vector of innovations 

Formula (9) can be rewritten as follows:  

(10) ∆𝑌𝑡 =  𝛤1 ∗ 𝑌𝑡−1 +  𝛤2 ∗ 𝑌𝑡−2 + … + 𝛤𝑘−1 ∗ 𝑌𝑡−𝑘−1 +  𝛱 ∗ 𝑌𝑡−1 + 휀𝑡 , where 

∆𝑌𝑡 – returns, 𝛤𝑖 = (I - 𝐴1- 𝐴2 - … - 𝐴𝑘), 𝛱 (n*n matrix of parameters) = (I - 𝐴1- 𝐴2- … - 𝐴𝑘), 

where I – n*n  identity matrix. 

Parameter matrix indicates whether the variables in the 𝑌𝑡 vector have long run relationship or 

not. The rank (r) of 𝛱 equals to the number of cointegration vectors (relations). There are three 

cases: 
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(i) If the rank of 𝛱 (r) is equal to the number of data series (r = n), then all the data 

series are stationary 

(ii) If r is equal to zero, there are no stationary long term relations 

(iii) If r is between zero and the number of data series (0 < r < n), there will be r 

independent linear relationships between (𝑌1, 𝑌2, … 𝑌𝑛), i.e. cointegration vector(s) 

With regard to the third case, the parameter matrix can be rewritten as follows:  

(11) 𝛱 = 𝛼 ∗ 𝛽′ = [

𝑎11 … 𝑎1𝑟

… … …
𝑎𝑛1 … 𝑎𝑛𝑟

] [
𝛽11 … 𝛽1𝑛

… … …
𝛽𝑟1 … 𝛽𝑟𝑛

], where  

𝛼 – the matrix of weights of each cointegrating vector, showing the short term adjustment to the 

long term equilibrium between the markets, 𝛽′ - the matrix of cointegrating vectors, indicating 

the long term linkages between the stock markets.  

In order to examine the reduced rank of 𝛱, the two above mentioned test statistics  𝜆𝑡𝑟𝑎𝑐𝑒  and 

𝜆𝑚𝑎𝑥  should be used. They can be calculated as follows: 

(12) 𝜆𝑡𝑟𝑎𝑐𝑒  = -T∗ ∑ ln(1 − �̂�𝑖)
𝑛
𝑖=𝑟+1 , 

(13) 𝜆𝑚𝑎𝑥  = -T * ln(1 − �̂�𝑟+1), where  

T – number of observations, �̂�𝑖 – the i-th largest eigenvalue of the parameter matrix, �̂�𝑟+1 – 

eigenvalue of r+1 cointegrating relations  

The next hypotheses are used to examine the cointegration:     

H0: There are no r cointegrating vectors. Stock markets are not cointegrated in the long term  

H1: There are r cointegrating vectors. Stock markets are not cointegrated in the long term 

If the test statistic (𝜆𝑡𝑟𝑎𝑐𝑒  or 𝜆𝑚𝑎𝑥) is lower than its comparable critical value (provided by 

Johansen and Juselius, 1990), then we reject the null hypothesis and there is no cointegration 

between the markets. However, there could be a case when the both statistics show different 

results. For instance,  𝜆𝑡𝑟𝑎𝑐𝑒  statistic can accept the null hypothesis, whereas the 𝜆𝑚𝑎𝑥 rejects it, 

or vice versa. In this case, it is better to look at the trace statistic since it is more robust to excess 

kurtosis and skewness (Luintel and Khan, 1999). Hence, in the case of contradiction we will look 

primarily at the trace statistic. 
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By applying the Johansen maximum likelihood procedure, we investigate the presence of static 

cointegration long term relationships between the stock prices. 

4.2.4. Johasen procedure with a structural break 

The above mentioned methodology we apply when testing for the sub periods. However, to 

apply the Johansen method for the whole period of 20 years, we should consider a structural 

break, which is the global financial crisis. The test of cointegration with structural breaks is less 

well-known in the literature. Most of the authors of the reviewed literature do not took into 

consideration s structural shift when applying the Johansen procedure for the whole period, i.e. 

not splitting up for the sub periods. Campos, Ericsson and Hendry (1996), Gregory and Hansen 

(1996) investigated cointegration tests which take into account the possibility of regime shifts. 

The results of Monte Carlo methods indicated that cointegration tests can be not as effective as 

cointegration tests which consider a shift in parameters (a structural break). Hence, a shift in the 

equilibrium relations is considered in this study.  

Johansen, Mosconi and Nielsen (2000) presented the cointegration methodology which allows 

for structural breaks. This model is appropriate for testing cointegration rank of the broken linear 

trend at known points in time. The methodology is based on the fact that time series around a 

continuous broken level behave more stochastic than stationary time series (Perron, 1989, 1990; 

Rappoport and Reichlin, 1989). The general model of order k is given by (Joyeux, 2002): 

(14) ∆𝑌𝑡 =  (Π, Π𝑗) (
𝑌𝑡−1

𝑡
) + 𝜇𝑗 + ∑ Γ𝑖Δ𝑌𝑡−1

𝑘−1
𝑖=1 + 휀𝑡 , with q-1 breaks and q sub periods, where 

j = 1, …, q; Π𝑗, 𝜇𝑗 are (n*1) vectors. 

The next three cases are considered for determination of cointegration relations:  

1. Shift in intercept model, there is no deterministic trend in the n time series 

The deterministic components in the model are only intercepts and cointegration linkages can 

differ between sub periods. In other words, Π1 = Π2 = ⋯  = Π𝑘 =  0 and 𝜇 is limited to the 

cointegration relations, so that 𝜇𝑗 varies between the periods. Johansen, Mosconi and Nielsen 

(2000) defined this model as 𝐻𝑐(𝑟): 

(15) 𝐻𝑐(𝑟): rank (Π, 𝜇1, … , 𝜇𝑞) ≤ 𝑟 

2. Some or all time series follow a linear trend 
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It is the most general case, which is given by formula (14) and defined as 𝐻𝑙(𝑟). In this model 

each time series can have a broken linear trend(s).  

3. Some or all time series follow a linear trend in each sub period and cointegration linkages 

are stationary in each period, whereas non stationary series have a broken linear trend. 

This model is defined as 𝐻𝑙𝑐(𝑟): 

(16) 𝐻𝑙𝑐(𝑟): rank Π ≤ 𝑟, Π1 = Π2 = ⋯  = Π𝑘 =  0 

To determine the cointegration rank, the hypotheses  𝐻𝑐(𝑟) and  𝐻𝑙(𝑟) are more often used than 

the third one (Johansen, Mosconi and Nielsen, 2000). Most general is 𝐻𝑙(𝑟) as all series 

considered as trend broken.  

4.2.5. Dynamic cointegration analysis  

The dynamic cointegration approach allows testing time varying cointegration linkages between 

markets and may be applied through rolling or recursive windows. Hansen and Johansen (1992) 

presented their dynamic methodology based on the recursive cointegration, in which the lambda 

trace statistic is computed over an initial defined period and recomputed again for each following 

period starting at the original period. Pascual (2003) noted that the recursive test brings less 

power than the rolling window test since the rolling window test is based on a fixed number of 

observations. In other words, it gives a clearer picture of how the cointegration changes over the 

time. Gilmore, Lucey and McManus (2008), Guidi and Ugur (2014), Guidi, Savva and Ugur 

(2016) also reported that the window rolling method is more powerful than the recursive one. 

Hence, we will follow the rolling window dynamic approach in our analysis. 

4.2.6. Granger non causality 

Engle and Granger (1987) made conclusion that if two time series are cointegrated, then there 

should be a causal relationship between these series at least in one direction. Johansen 

cointegration test does not explain direction of the relations. The Granger non causality 

procedure, however, allows identifying the direction. The results of this test will show which 

stock market prices may affect the movement of the stock market prices of another country. The 

test is based on including the past value variable as explanatory in a formula of other variable. 

The findings of the tests will suggest whether one variable predicts another one. The model is 

defined as: 
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(17) 𝑌𝑡 =  𝛼0 +  ∑ 𝛼𝑖𝑌𝑡−𝑖
𝑘
𝑖=1 + ∑ 𝛽𝑖𝑋𝑡−𝑖

𝑘
𝑖=1 + 휀𝑡 , 

       𝑋𝑡 =  𝑐0 +  ∑ 𝑐𝑖𝑋𝑡−𝑖
𝑘
𝑖=1 + ∑ 𝑑𝑖𝑌𝑡−𝑖

𝑘
𝑖=1 + 𝑢𝑡 , where 

𝑌𝑡 , 𝑋𝑡 – stationary time series; 𝛼0, 𝑐0 – constants; 휀𝑡, 𝑢𝑡 – residuals.  

F test is applied to define whether ∑ 𝛽𝑖
𝑘
𝑖=1  𝑜𝑟 ∑ 𝑑𝑖

𝑘
𝑖=1  = 0: 

H0: ∑ 𝛽𝑖
𝑘
𝑖=1  𝑜𝑟 ∑ 𝑑𝑖

𝑘
𝑖=1  are equal to zero, then there is no causality 

H1: ∑ 𝛽𝑖
𝑘
𝑖=1  𝑜𝑟 ∑ 𝑑𝑖

𝑘
𝑖=1  different from zero, then 𝑋𝑡 causes 𝑌𝑡 , or vice versa (𝑌𝑡 → 𝑋𝑡) for the 

latter case. The case of bidirectional causal relations is also possible (𝑋𝑡 → 𝑌𝑡, 𝑌𝑡 → 𝑋𝑡). 

Granger non causality test must be run for stationary data. Asymptotic Chi-square Wald test 

statistic will not give right results, when testing non stationary time series (Giles, 2011). In order 

to avoid this issue, Toda and Yamamoto (1995) presented their methodology for testing Granger 

causality3. This method may be tested regardless whether the data stationary is or not, even if the 

data series are cointegrated. Toda and Yamamoto considered this in their methodology, and 

presented the solution. The next main steps should be followed by implementing their method. 

Firstly, the order of integration should be tested for each time series by applying unit root tests. 

Secondly, by choosing the order of integration for the group, the maximum “m” order of 

integration should be chosen. With non stationary data, the “m” should be equal to 1 (when two 

series are both integrated of order one). Thirdly, maximum lag length should be defined by 

setting up a VAR model in levels, not in first differences (as it can be done by Vector Error 

Correction Model). In the next step, we need to test residuals for autocorrelation and specify the 

VAR model that is free of autocorrelation. Moreover, the VAR model must be tested for 

dynamic stability by applying AR root graphs. After that, the additional “m” lag(s) must be added 

when setting up the VAR model (there is some tricky part we will explain in Section 5). Finally, 

the test for Granger causal relations can be run.  

5. Empirical results 

5.1. Data 

For our cointegration analysis we extracted weekly (each Thursday) stock prices of Chinese, 

European and Russian price indices, respectively, SSE B Share, STOXX Europe 600 and RTSI. 

The period of analysing consist of 1082 weeks, from 1997/05/ 22 - 2018/02/08. Moreover, we 

                                                             
3 The same method was presented by Lütkepohl (2006) 
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also extracted weekly US/EUR spot rates for the observing period, and divided the U.S. stock 

prices of Chinese and Russian indices by the corresponding spot rates in order to receive the 

prices in EUR. Figure 8.1 (Appendix, 8.1) demonstrates the indices’ price movements. From the 

chart, it is clear, that the global financial crisis influenced all stock indices. Decrease in all indices’ 

performance starts in October 2007. Comparing to the Chinese and European indices, the 

Russian Index indicates more fluctuations during the whole period. Moreover, during the period 

from October 2007 until February 2009, the Russian index lost almost 75 per cent of its value, 

whereas Chinese and European indices have a reduction of about 50 per cent. 

In the next step we obtained descriptive statistics for the stock market returns, in EUR, from the 

point of view of a European investor. Descriptive statistic results of weekly index return series 

for the whole period are represented in Table 1.  

Table 1. Descriptive statistics, whole period 

  RTS Index SSE B Shares STOXX Europe 600 

 Mean 0.001067 0.001213 0.000557 

 Median 0.004019 0.000279 0.002750 

 Maximum 0.363420 0.250390 0.111101 

 Minimum -0.312093 -0.251225 -0.136604 

 Std. Dev. 0.057904 0.048909 0.025182 

 Skewness -0.405886 0.176300 -0.507649 

 Kurtosis 8.220197 6.609635 5.681738 

 Jarque-Bera 1257.087 592.4687 370.3574 

 Probability 0.000000 0.000000 0.000000 

Looking at the whole period, we see that the mean return over the period for all stock markets is 

positive. Chinese and Russian stock markets have the standard deviations about twice bigger than 

the standard deviation of STOXX Europe 600 price index, indicating more riskiness. Russian 

index indicates the highest volatility which standard deviation is about 5.8 per cent.  

Furthermore, skewness and kurtosis measure how its distribution varies from a normal 

distribution. Skewness is positive only for the Chinese stock market, suggesting that large positive 

stock returns appear more often than large negative stock returns. In other words, investor would 

prefer the stocks with positive skewness than with negative. With regard to the kurtosis, which 

measures peakness of distribution, kurtosis for all indices is peaked more than a normal 

distribution, since its value in all cases more than three. The highest kurtosis have RTS Index 

(8.22). Jarque-Bera non normality test based on Skewness and Kurtosis measures how the 
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distribution of returns differs from a normal distribution4. The high value of the Jarque-Bera 

statistic usually appears due to the high value of kurtosis. Looking at the results, one can 

conclude that returns for all markets are not normally distributed since p values of Jarque-Bera 

are highly significant (0.0000). Hence, the null hypothesis of normal distribution is rejected for all 

stock markets. These results (normal distribution) are consistent with the normal distribution 

results of Voronkova (2008), Guidi and Ugur (2014) and Guidi, Savva and Ugur (2016). Table 2 

and Table 3 represent descriptive statistic results of weekly index return series for the pre crisis 

(1997/05/22 - 2007/09/27) and for the post crisis (2007/10/14 – 2018/02/08) periods, 

respectively. 

Table 2. Descriptive statistics, pre crisis period 

  RTS Index SSE B Shares STOXX Europe 600 

 Mean 0.002858 0.002357 0.001134 

 Median 0.006710 -0.001408 0.003598 

 Maximum 0.363420 0.250390 0.111101 

 Minimum -0.312093 -0.178331 -0.103208 

 Std. Dev. 0.066604 0.054043 0.024684 

 Skewness -0.323982 0.535866 -0.432789 

 Kurtosis 7.163566 5.180203 5.655476 

 Jarque-Bera 399.4906 132.7926 175.5175 

 Probability 0.000000 0.000000 0.000000 

Table 3. Descriptive statistics, post crisis period 

  RTS Index SSE B Shares STOXX Europe 600 

 Mean -0.000721 7.06E-05 -1.93E-05 

 Median 0.001291 0.001187 0.001398 

 Maximum 0.188879 0.221243 0.086438 

 Minimum -0.299675 -0.251225 -0.136604 

 Std. Dev. 0.047659 0.043202 0.025679 

 Skewness -0.681249 -0.579972 -0.569083 

 Kurtosis 8.587403 8.890582 5.676330 

 Jarque-Bera 745.5763 812.5015 190.6612 

 Probability 0.000000 0.000000 0.000000 

The descriptive statistic of the pre crisis period suggests positive mean returns, whereas in the 

post crisis Russia and Europe indicate negative mean returns and the mean return for Chinese 

index is almost zero. However, the standard deviation in the post period is lower for Russian and 

                                                             
4 The Jarque Bera statistic is defined as [(𝑇 − 𝑚)/6]*( Skewness2 + 𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠2/4), where m is the number of 
regressors, T is number of oservations. 
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Chinese indices, while the volatility of STOXX Europe 600 remains almost the same. With 

regard to the skewness, the sign of skewness changed only for China from plus to minus, after 

the financial crisis. Kurtosis, after the crisis, increased for Russia (from 7.16 to 8.59) and for 

China (from 5.18 to 8.89), while for Europe remains almost the same, suggesting that the returns 

of RTSI and SSE B Shares after the crisis more distributed not normally than in the pre crisis 

period.  

After the descriptive statistic was described, we look at the pairwise correlations of the stock 

markets (Table 4, Table 5 and Table 6).  

Table 4. Pairwise correlations, whole period 

  RTS Index SSE B Shares STOXX Europe 600 

RTS Index 1 

 
 

SSE B Shares 0,51493 1 
 

STOXX Europe 600 0,15617 0,14261 1 

Table 5. Pairwise correlations, pre crisis period 

  RTS Index SSE B Shares STOXX Europe 600 

RTS Index 1 

 
 

SSE B Shares 0,43061 1 
 

STOXX Europe 600 0,12496 0,113 1 

Table 6. Pairwise correlations, post crisis period 

  RTS Index SSE B Shares STOXX Europe 600 

RTS Index 1 

 
 

SSE B Shares 0,64793 1 
 

STOXX Europe 600 0,20959 0,17983 1 

Considering the whole period, one can conclude, that the highest correlation is between Russian 

and Chinese markets (0.52), whereas between Russia and Europe (0.16) and between China and 

Russia (0.14). After the crisis, pairwise correlations between all markets increased. Correlations 

grew significantly, between Chinese and Russian stock markets they rose from 0.43 to 0.65, 

between European and Chinese from 0.11 to 0.18 and between European and Russian from 0.13 

to 0.21. 

Overall, it can be seen, that after the financial crisis the observing markets became more 

correlated, suggesting a less diversified portfolio for investors in the post crisis period than in the 

pre crisis.  Moreover, the mean return in the post crisis period for all markets decreased, whereas 
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the standard deviation decreased only for emerging markets. Jarque-Bera statistic, however, 

suggests more deviation from the normal distribution after the global crisis, for all indices. 

5.2. Unit root tests 

To support the statement that financial series follow “random walk”, we plotted the logarithmic 

series of stock prices over time (Appendix, 8.2). The log series indicate the common trend for all 

the markets during the crisis. The log levels clearly show that the series are non stationary, 

supporting a “random walk” of financial series.  

One condition for applying the Johansen cointegration procedure is that data series should be 

integrated of order one, i.e. I(1). To find whether the data integrated of order one, we apply the 

modified Dickey-Fuller breakpoint unit root test. This test was running for the whole period and 

for the two sub periods. The logarithmic stock prices were tested for unit roots in the log levels 

and in the first differences, with breaks in intercept and trend. The next features were selected by 

running the breakpoint unit root test. Basic (trend specification): trend and intercept, breaking 

(break specification): trend and intercept, breaktype: innovation outlier (the break occurs 

gradually), breakpoint selection: maximise intercept and trend break F-statistic. The lag lengths 

for the test were chosen according to the Schwarz information criterion, 21 lags for the whole 

period and 18 for the sub periods. Table 7, Table 8 and Table 9 summarise the results of the unit 

root tests with a breakpoint. Eviews snapshot results are represented in Appendix 8.3. 

Table 7. Unit root tests, whole period 

t statistic RTS Index SSE B Shares STOXX Europe 600 5 per cent critical value 

Log levels -3.033193 -2.340401 -1.955664 -5.155006 

First differences -30.61389 -29.96115 -35.02165 -5.155006 

Table 8. Unit root tests, pre crisis period 

t statistic RTS Index SSE B Shares STOXX Europe 600 5 per cent critical value 

Log levels -3.168965 0.720880 -3.991837 -5.155006 

First differences -22.61844 20.89307 -25.31394 -5.155006 

Table 9. Unit root tests, post crisis period 

t statistic RTS Index SSE B Shares STOXX Europe 600 5 per cent critical value 

Log levels -4.311213 -3.524750 -4.492865 -5.155006 

First differences -24.11607 -22.77333 -24.87679 -5.155006 
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In the log levels, the null hypothesis of non stationarity (unit root) can not be rejected at 5 per 

cent level of significance for all time series (all t statistic values are greater than its 5 per cent 

critical value of -5.155006). Hence, the log prices are non stationary for all series (whole period, 

before and after the crisis). With regard to the first differences, the null hypothesis of unit root 

presence can be rejected as all t statistic values are smaller than its 5 per cent critical value of -

5.155006, indicating stationarity in the first differences, for all time series. Having the log prices 

as non stationary and the first differences as stationary, one can conclude, that the stock prices 

are integrated of order one, i.e. I(1). Hence, the data can be used for running the Johansen 

cointegration methodology. 

5.3. Static cointegration analysis with a structural break 

The results of breaking unit root tests suggest that the all time series are integrated of order one. 

Now the long term relations between the markets can be tested for cointegration by applying 

Johansen cointegration method. As a breakpoint we set 04th of October 2007, when the crush 

had begun. Now we need to find an optimal lag length for each two series by setting up a VAR 

model in the log levels. The results are presented in Appendix, 8.4.1. The different criteria 

suggest different lag lengths5. Guidi and Ugur (2014), Guiddi, Savva and Ugur (2016) in their 

analyses chose the Schwarz Bayesian Criterion to define the optimal number of lags, however 

they do not pointed out why they chose this criterion. Khim and Liew (2004), Gutierrez, Souza 

and Guillen (2009) concluded that Aikaike’s information criterion and Final prediction error are 

superior in case of a small sample (less than 60 observations), whereas Bayesian criterion and 

Hannan-Quinn criterion should be chosen by large samples. Since our sample includes 1082 

observations, we look at the Schwarz Bayesian criterion to define an appropriate lag length for 

each case. The tests’ results suggest different lag models for the case of Europe and China 

VAR(2) and for the case of Europe and Russia VAR(1) model.  

In the next step we test the chosen VAR models for serial independence of the residuals. First, 

we run Lagrange Multiplier test for detecting autocorrelation. The results can be shown in 

Appendix, 8.5.1. According to the autocorrelation test, we can not reject the null hypothesis of 

no autocorrelation at the 5 per cent level of significance since all p values are greater than 5 per 

cent for the case of Europe and China, whereas autocorrelation appears in the case of Europe 

and Russia in VAR(1) model. According to Hendry and Juselius (2001), the lag length should be 

set in such level when the VAR errors are free of autocorrelation, even if we use longer lags than 

it was suggested by information criteria. Moreover, Chowdhury (1994), Jochum, Kirchgässner 

                                                             
5 In fact, there are 5 criterions: LR, FPE, AIC, SC, HQ.  
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and Platek (1999) pointed out the importance of keeping the same lag length over all samples (in 

our case Europe and China, Europe and Russia)  in order to “emphasise the comparability of the 

results” (Jochum, Kirchgässner and Platek, 1999, p. 468). Hence, we consider VAR(2) model for 

both samples, both indicate no autocorrelation in the VAR residuals. 

The Johansen, Masconi and Nielsen (2000) and Joyex (2002) methods will be applied for testing 

cointegration with a regime shift. Now we run the Johansen cointegration test, allowing for a 

structural break in 20076. Moreover, we also need to create the asymptotic critical values for 

the 𝐻𝑙(𝑟) trace statistic7. The results are presented in Appendix, 8.6. Table 10 summarises the 

main findings. 

Table 10. Trace statistic‘s summary, structural breaks 

Number of cointegrating equations Hl(r), EU/CH Hl(r), EU/RU 5 per cent critical value 

Zero   27.16025  26.41718 37.41791 

Most 1  9.514087  11.20735 18.90201 

The  𝐻𝑙(𝑟) trace statistic results from Table 10 (Zero) can not reject the null hypothesis of no 

cointegrating vectors for the both samples since the  𝐻𝑙 (𝑟)  trace values (27.16 Europe and 

China, 26.42 Europe and Russia) are smaller than its generated 5 per cent critical value of 37.42. 

In summary, the Johansen cointegration results with a structural break indicate no comovements 

between European and Chinese as well as between European and Russian stock markets in the 

long run, over the whole period. In other words, European investors who would have considered 

diversifying into Russian and Chinese stock markets over the period from 1997/05/ 22 - 

2018/02/08 , would have benefited from their investment.   

5.4. Static cointegration analysis, sub periods 

The results of unit root tests suggest that the log  prices are integrated of order one, for the all 

three indices. Hence, the Johansen cointegration can be applied. The optimal VAR lengths were 

defined by choosing the Schwarz Bayesian criterion (Appendix, 8.4.2 - 8.4.3). To make our results 

more comparable we chose VAR(2) model (free of autocorrelation) for all samples  (Appendix 

8.5.2 – 8.5.3). After we checked for autocorrelation (all p values can not reject the null hypothesis 

of no autocorrelation), we run the Johansen test. The cointegration results are demonstrated in 

Appendix, 8.7. The summary is represented in the next two tables, Table 11 and Table 12, for the 

pre and post crisis periods, respectively. 

                                                             
6 The Eviews coding with explanation is available upon request 
7 The Eviews coding with explanation is available upon request 
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Table 11. Trace and Max-Eigen statistics‘ summary, pre crisis period 

Number of cointegrating equations Trace , EU/CH Trace, EU/RU 5 % critical value 

Zero   25.41482  12.98022  25.87211 

Most 1  8.961898  2.226374  12.51798 

Number of cointegrating equations 
Max-Eigen , 

EU/CH 
Max-Eigen, 

EU/RU 5 % critical value 

Zero   16.45292  10.75385  19.38704 

Most 1  8.961898  2.226374  12.51798 

Table 12. Trace and Max-Eigen statistics‘ summary, post crisis period 

Number of cointegrating equations Trace, EU/CH Trace, EU/RU 5 % critical value 

Zero   31.05083  21.18166  25.87211 

Most 1 8.677241 5.034770  12.51798 

Number of cointegrating equations 
Max-Eigen , 

EU/CH 
Max-Eigen, 

EU/RU 5 % critical value 

Zero   22.37359  16.14689  19.38704 

Most 1  8.677241  5.034770  12.51798 

With regard to Europe and Russia, the null hypothesis of no cointegrating can not be rejected for 

the both periods as Trace and Max-Eigen statistics are smaller than their critical values. The same 

results show the statistics for Europe and China in the pre crisis period. However, one can 

observe the rejection of the null hypothesis of no cointegrating vectors (Zero) for Europe and 

China in the post crisis case since the Trace (31.05) and Max-Eigen values (22.37) are greater than 

their 5 per cent critical values of 25.87 and 19.39, respectively for the Trace and Max-Eigen 

statistics. These results are indicating comovements of European and Chinese stock markets after 

the crisis. On the whole, European and Russian stock markets have no common stochastic 

trends in the long run, over the both periods, suggesting scope for diversification benefits in the 

pre and post crisis periods. However, there is the changing of cointegration relations between 

Europe and China after the global financial crisis. Portfolio, consisting of European and Chinese 

stock markets, in the post crisis period would have been less diversified compare to the pre crisis 

period’s portfolio.   

Since the markets of Europe and China have cointegrated in the post crisis period, we test then 

for the causal relations in order to see which market influences another one. We followed Toda 

and Yamamoto approach (1995). Since our data series are integrated of order one, the maximum 

order of integration is one, m=1. We use VAR(2) model as it was defined earlier, which is free of 

autocorrelation. In order to know whether the model stable or not, we looked at AR root graphs 

(Appendix, 8.8). From the graphs, it can be seen that all roots stay within the unit root circle, 

indicating stability in the model. Now we should estimate the VAR model by adding one more 
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lag (since m=1) in the model (Toda and Yamamoto, 1995). To test the causal relations, we do not 

include this lag directly in Lag Intervals, instead in the window Exogenous Variables we put the 

following command: c lch(-3) leu(-3), where lch – Chinese time series and leu – European time 

series. This command makes the coefficients of extra lags not to be added when running Wald 

tests. Lastly, we run the Granger non causality test. The results are shown in Appendix, 8.8. The 

Chi-square statistic can not reject the null hypothesis of no causality when dependent variable is 

Europe, whilst it rejects the null hypothesis when the dependent variable is China (p value is 

highly significant, 0.000). Hence, we can conclude that the European stock prices have had an 

impact on the stock prices of China in the after global crisis period.   

5.5. Dynamic cointegration analysis  

To make our analysis more precise and see how the markets have comoved during the whole 

observing period, we run dynamic cointegration analysis8. We set up the length of the rolling 

window of 2 years (104 weeks) and move it one week forward. In other words, the first window 

of observations starts from the first intil the 104th observation, and the next one from the second 

to 105th observation. The period of 2 years was chosen as a time period short term investors 

usually consider by making investment decisions. Moreover, the time horizon of 2 years will also 

contribute to better understanding of the effect of financial contagious disease since the crisis had 

taken place for 2 years. The whole number of observations is 978 since we have 1082 weekly 

prices. Therefore, the dynamic analysis considers 978 time varying lambda trace statistics. Then, 

we scale the trace statistics by the corresponding 5 per cent critical value. The scalling lambda 

approach shows the evidence of cointegrating vectors when the scaled trace statistic value is 

greater than one, whereas the value less than one indicates no cointegration (Gilmore, Lucey and 

McManus, 2008; Guidi und Ugur, 2014, Guidi, Savva and Ugur, 2016). Figure 3 and Figure 4 

represent the time varying trace statistics over the whole period of time, for Europe and Chine; 

and for Europe and Russia, respectively. 

 

 

 

 

                                                             
8 The Stata coding with explanation is available upon request 
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Figure 3. Time varying cointegration, Europe and China 

 

Figure 4. Time varying cointegration, Europe and Russia 

 

Time varying cointegration results show that Europe and China as well as Europe and Russia 

have only episodic cointegration relations (all the above red lines statistics). With regard to 

Europe and China, one can observe a significant increase in cointegration in the first quarter of 

2003. Furthermore, the findings indicate that during 2008 European and Chinese stock markets 

cointegrated, supporting the contagion effect from the global market crush. After the crisis, there 

was a period of 2.5 years (from 2010 to the mid of 2012) when the markets comoved. From the 

mid of 2012 until the end of the observing period, the markets showed only episodic 

cointegration, having a great raise in the end of 2017. 
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In reference to Europe and Russia dynamic results, the markets during 2000 moved in tandem. 

From 2000 to the mid of 2008 the observing markets show a period of mostly no cointegration 

interrupted by short periods of common stochastic trends. However in the last quarter of 2007 

and in the second half of 2008, there is a rapid growth in cointegration, which supports the 

contagion effect during the crisis. The markets of Europe and Russia also cointegrated during the 

period from 2010 to the mid of 2013, having short interruptions of no comovement. This 

relationship disappears from the second half of 2013 and continues until the mid of 2017. The 

period from the mid of 2017 until February 2018 indicates cointegration linkages between Russia 

and its developed counterpart. 

We see that the dynamic cointegration results show only episodic cointegration during the whole 

period of 20 years, suggesting that investors would have not benefited if they had built (from 

European and Chinese, European and Russian stock markets) and held portfolios during the 

times of cointegration. The findings clear suggest the evidence of cointegration relations during 

the global financial crisis, for both samples, providing support for the contagion effect in the 

short run.  
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6. Conclusions 

In this thesis, we have investigated the existence of portfolio diversification benefits by running a 

“broad” cointegrating analysis. The analysis has been run between developed Europe and its 

emerging counterparts such as China and Russia. We have seen that in the long term the financial 

global crisis changed the cointegration relations only for Europe and China (from no 

cointegrating to cointegrating). However, in the short run, the crisis affected the cointegrating 

linkages of all countries, showing increase in cointegration during the first year of the crisis.    

Considering the whole period of 20 years, cointegration findings suggest no cointegration 

relations between these time series. Hence, we conclude that long term investors would have 

benefited from diversifying into European and Chinese financial markets as well as into the 

financial markets of Europe and Russia over the whole period. With regard to the pre crisis 

period, long horizon investors also could have benefited from building and holding international 

portfolios as there were no long run relationships between the all observing markets. However, 

post crisis period has shown increase in cointegration relations between Europe and China, 

indicating a less diversified portfolio in contrast to the pre crisis period’s portfolio. Moreover, the 

Granger causality test findings demonstrate a unidirectional causal relation from European time 

series to Chinese time series. The cointegration and causality tests’ outcomes suggest that the 

financial contagion effect has taken place in the post crisis period of time between stock markets 

of Europe and China. 

The existence of long term diversification benefits, however, is not usually important for 

international investors whose investments prospects are much shorter. Short run dynamics, 

compared to the static cointegration outcomes, show only episodic cointegration between the 

observing stock markets over the whole period, indicating increase in cointegration during the 

first year after the global market crush for all samples. Short term investors, therefore, would not 

have profited from international diversification during the first year of the crisis. 

The overall conclusion of this study is that both static and dynamic cointegration analyses should 

be applied in order to draw more precise inferences about presence or absence of international 

diversification benefits. Furthermore, we suggest that static cointegration analysis with a shift in 

the equilibrium (considering a crisis as a shift) should be implemented when testing for the whole 

period and dealing with the crisis. For the future research we recommend to consider the 

delimitations of this study (Section 1.4). 
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8. Appendix   

8.1. Historical price movements 

Figure 8.1. Historical price movements, EUR, 1997/05/22- 2018/02/08 

 

8.2. Log levels graphs 

8.2.1. Whole period, Europe, China and Russia (LEU, LCH and LR respectively) 
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8.2.2. Pre crisis period, Europe, China, Russia 
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8.2.3. Pre crisis period, Europe, China, Russia 
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8.3. Breakpoint unit root tests 

8.3.1. Whole period 

Europe 

Log level 

Null Hypothesis: LEU has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
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Break Date: 3/20/2003   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -1.955664  0.9812 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LEU) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 3/20/2003   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -35.02165 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

China 

Log level 

Null Hypothesis: LCH has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 6/07/2001   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 1 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -2.340401  0.9585 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 
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First difference 

Null Hypothesis: D(LCH) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 6/07/2001   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -29.96115 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

Russia 

Log level 

Null Hypothesis: LR has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 10/07/1999   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -3.033193  0.8510 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LR) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 3/30/2000   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=21)   
     
     
   t-Statistic   Prob.* 
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Augmented Dickey-Fuller test statistic -30.61389 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 
 

8.3.2. Pre crisis  

Europe 

Log level 

Null Hypothesis: LEU has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 5/16/2002   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -3.991837  0.4553 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LEU) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 3/13/2003   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -25.31394 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 
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China 

Log level 

Null Hypothesis: LCH has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 6/07/2001   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic  0.720880  > 0.99 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LCH) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 6/07/2001   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -20.89307 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

Russia 

Log level 

Null Hypothesis: LR has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 10/08/1998   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 
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        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -3.168965  0.8157 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LR) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 10/08/1998   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -22.61844 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

8.3.3. Post crisis 

Europe 

Log level 

Null Hypothesis: LEU has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 3/12/2009   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -4.492865  0.2175 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 
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First difference 

Null Hypothesis: D(LEU) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 3/12/2009   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -24.87679 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

China 

Log level 

Null Hypothesis: LCH has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 11/06/2008   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -3.524750  0.6904 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LCH) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 11/06/2008   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
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Augmented Dickey-Fuller test statistic -22.77333 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

Russia 

Log level 

Null Hypothesis: LR has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 1/29/2009   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -4.311213  0.2945 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 

First difference 

Null Hypothesis: D(LR) has a unit root  

Trend Specification: Trend and intercept  

Break Specification: Trend and intercept  

Break Type: Innovational outlier  
     
     

Break Date: 11/27/2008   

Break Selection: Maximize intercept & trend break F-statistic 

Lag Length: 0 (Automatic - based on Schwarz information criterion, 

        maxlag=18)   
     
     
   t-Statistic   Prob.* 
     
     

Augmented Dickey-Fuller test statistic -24.11607 < 0.01 

Test critical values: 1% level  -5.711386  

 5% level  -5.155006  

 10% level  -4.860969  

     
     
     

*Vogelsang (1993) asymptotic one-sided p-values. 



 
 

53 
 

8.4. VAR model 

8.4.1. Whole period 

Europe, China 

VAR Lag Order Selection Criteria    

Endogenous variables: LCH LEU     

Exogenous variables: C      

Date: 04/24/18   Time: 18:22     

Sample: 5/22/1997 2/08/2018     

Included observations: 1072     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0 -899.7181 NA   0.018436  1.682310  1.691596  1.685827 

1  4157.657  10086.44  1.48e-06 -7.745629 -7.717771 -7.735077 

2  4172.162  28.87474  1.45e-06 -7.765228  -7.718798*  -7.747641* 

3  4174.123  3.896927  1.46e-06 -7.761424 -7.696422 -7.736803 

4  4176.484  4.682225  1.46e-06 -7.758366 -7.674793 -7.726710 

5  4178.486  3.962765  1.47e-06 -7.754639 -7.652493 -7.715947 

6  4188.537  19.85802   1.45e-06*  -7.765928* -7.645210 -7.720202 

7  4190.370  3.614201  1.46e-06 -7.761884 -7.622595 -7.709123 

8  4194.059  7.260918  1.46e-06 -7.761304 -7.603442 -7.701508 

9  4199.484   10.65737*  1.46e-06 -7.763962 -7.587529 -7.697132 

10  4204.006  8.866571  1.45e-06 -7.764936 -7.569930 -7.691071 

Europe, Russia 

VAR Lag Order Selection Criteria    

Endogenous variables: LEU LR     

Exogenous variables: C      

Date: 04/24/18   Time: 18:22     

Sample: 5/22/1997 2/08/2018     

Included observations: 1072     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0 -1112.431 NA   0.027417  2.079162  2.088448  2.082679 

1  4128.861  10453.25  1.56e-06 -7.691905  -7.664047*  -7.681352* 

2  4136.333  14.87410  1.55e-06 -7.698382 -7.651952 -7.680795 

3  4139.094  5.485684  1.56e-06 -7.696070 -7.631068 -7.671449 

4  4140.403  2.597108  1.57e-06 -7.691051 -7.607477 -7.659394 

5  4141.808  2.781420  1.57e-06 -7.686210 -7.584064 -7.647518 

6  4148.297  12.81934  1.57e-06 -7.690852 -7.570134 -7.645126 

7  4155.297  13.80444  1.56e-06 -7.696449 -7.557160 -7.643689 

8  4161.640   12.48449*   1.55e-06*  -7.700820* -7.542959 -7.641025 

9  4162.341  1.376911  1.56e-06 -7.694665 -7.518232 -7.627835 

10  4163.807  2.875793  1.57e-06 -7.689939 -7.494933 -7.616074 

8.4.2. Pre crisis period 

Europe, China 

 

VAR Lag Order Selection Criteria    

Endogenous variables: LCH LEU     

Exogenous variables: C      
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Date: 04/26/18   Time: 12:14     

Sample: 5/22/1997 9/27/2007     

Included observations: 531     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0 -395.5978 NA   0.015326  1.497543  1.513644  1.503845 

1  2022.714  4809.299  1.72e-06 -7.595911  -7.547609*  -7.577006* 

2  2029.075  12.60148   1.71e-06*  -7.604803* -7.524299 -7.573295 

3  2031.359  4.506855  1.72e-06 -7.598337 -7.485632 -7.554226 

4  2031.803  0.874040  1.74e-06 -7.584946 -7.440039 -7.528232 

5  2033.032  2.406473  1.76e-06 -7.574508 -7.397399 -7.505190 

6  2038.813   11.27897*  1.75e-06 -7.581216 -7.371906 -7.499295 

7  2040.467  3.215394  1.76e-06 -7.572382 -7.330870 -7.477858 

8  2043.449  5.773268  1.77e-06 -7.568548 -7.294834 -7.461421 

9  2044.859  2.718589  1.79e-06 -7.558791 -7.252876 -7.439061 

10  2045.940  2.075973  1.81e-06 -7.547796 -7.209679 -7.415463 
 

Europe, Russia 

VAR Lag Order Selection Criteria    

Endogenous variables: LEU LR     

Exogenous variables: C      

Date: 04/26/18   Time: 12:15     

Sample: 5/22/1997 9/27/2007     

Included observations: 531     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0 -592.5924 NA   0.032186  2.239519  2.255620  2.245821 

1  1952.739  5061.901  2.24e-06 -7.332349  -7.284047*  -7.313444* 

2  1958.079  10.58113   2.23e-06*  -7.337399* -7.256895 -7.305891 

3  1960.561  4.898149  2.24e-06 -7.331681 -7.218975 -7.287570 

4  1961.929  2.689095  2.27e-06 -7.321767 -7.176859 -7.265052 

5  1962.203  0.537459  2.30e-06 -7.307734 -7.130625 -7.238417 

6  1964.763  4.993344  2.31e-06 -7.302308 -7.092998 -7.220387 

7  1969.069  8.368503  2.31e-06 -7.303460 -7.061948 -7.208936 

8  1974.088   9.716455*  2.30e-06 -7.307298 -7.033584 -7.200171 

9  1975.587  2.891118  2.32e-06 -7.297879 -6.991963 -7.178148 

10  1975.941  0.681009  2.35e-06 -7.284148 -6.946031 -7.151815 

8.4.3. Post crisis period 

Europe, China 

VAR Lag Order Selection Criteria    

Endogenous variables: LCH LEU     

Exogenous variables: C      

Date: 04/26/18   Time: 12:16     

Sample: 10/04/2007 2/08/2018     

Included observations: 531     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0  176.3693 NA   0.001778 -0.656758 -0.640657 -0.650456 

1  2121.263  3867.812  1.19e-06 -7.967094 -7.918792 -7.948189 

2  2138.276  33.70395  1.13e-06 -8.016104  -7.935600*  -7.984596* 

3  2139.991  3.386039  1.14e-06 -8.007500 -7.894795 -7.963389 

4  2143.100  6.111967  1.15e-06 -8.004143 -7.859236 -7.947429 
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5  2144.359  2.465977  1.16e-06 -7.993819 -7.816711 -7.924502 

6  2148.959  8.974272  1.15e-06 -7.996078 -7.786768 -7.914158 

7  2153.264  8.366837  1.15e-06 -7.997227 -7.755715 -7.902703 

8  2155.452  4.236212  1.16e-06 -7.990403 -7.716689 -7.883276 

9  2163.788  16.07635  1.14e-06 -8.006736 -7.700821 -7.887006 

10  2170.316   12.53863*   1.13e-06*  -8.016256* -7.678139 -7.883922 
 

Europe, Russia 

VAR Lag Order Selection Criteria    

Endogenous variables: LEU LR     

Exogenous variables: C      

Date: 04/26/18   Time: 12:17     

Sample: 10/04/2007 2/08/2018     

Included observations: 531     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0  74.07461 NA   0.002613 -0.271467 -0.255367 -0.265166 

1  2198.681  4225.206  8.88e-07 -8.258686  -8.210384*  -8.239781* 

2  2202.508  7.582167  8.88e-07 -8.258035 -8.177531 -8.226527 

3  2203.528  2.013583  8.98e-07 -8.246812 -8.134106 -8.202701 

4  2207.396  7.604212  8.99e-07 -8.246313 -8.101406 -8.189599 

5  2211.807  8.639906  8.98e-07 -8.247863 -8.070754 -8.178545 

6  2217.922  11.92946  8.90e-07 -8.255826 -8.046516 -8.173906 

7  2224.688   13.14952*   8.81e-07*  -8.266244* -8.024732 -8.171720 

8  2225.968  2.478756  8.90e-07 -8.256001 -7.982287 -8.148874 

9  2230.204  8.168449  8.90e-07 -8.256889 -7.950974 -8.137159 

10  2234.088  7.460938  8.90e-07 -8.256452 -7.918335 -8.124119 

8.5. Autocorrelation Lagrange Multiplier test 

8.5.1. Whole period 

Europe, China 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/24/18   Time: 20:00    

Sample: 5/22/1997 2/08/2018    

Included observations: 1080    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  3.611232  4  0.4612  0.903147 (4, 2144.0)  0.4612 

2  3.560743  4  0.4687  0.890510 (4, 2144.0)  0.4687 

3  4.473726  4  0.3457  1.119077 (4, 2144.0)  0.3457 
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Europe, Russia 

VAR(1) 

VAR Residual Serial Correlation LM Tests   

Date: 04/24/18   Time: 20:01    

Sample: 5/22/1997 2/08/2018    

Included observations: 1081    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  15.57190  4  0.0037  3.905283 (4, 2150.0)  0.0037 

2  6.196011  4  0.1850  1.550515 (4, 2150.0)  0.1850 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/24/18   Time: 20:02    

Sample: 5/22/1997 2/08/2018    

Included observations: 1080    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  5.449729  4  0.2442  1.363528 (4, 2144.0)  0.2442 

2  5.313096  4  0.2567  1.329300 (4, 2144.0)  0.2567 

3  2.904490  4  0.5739  0.726275 (4, 2144.0)  0.5739 

8.5.2. Pre crisis period 

Europe, China 

VAR(1) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 12:22    

Sample: 5/22/1997 9/27/2007    

Included observations: 540    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       
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Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  12.13326  4  0.0164  3.047740 (4, 1068.0)  0.0164 

2  5.356790  4  0.2526  1.341303 (4, 1068.0)  0.2526 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 12:22    

Sample: 5/22/1997 9/27/2007    

Included observations: 539    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  5.015586  4  0.2857  1.255677 (4, 1062.0)  0.2857 

2  4.186433  4  0.3814  1.047685 (4, 1062.0)  0.3814 

3  1.043622  4  0.9031  0.260788 (4, 1062.0)  0.9031 
 

Europe, Russia 

VAR(1) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 12:19    

Sample: 5/22/1997 9/27/2007    

Included observations: 540    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  11.12091  4  0.0252  2.792124 (4, 1068.0)  0.0252 

2  6.250068  4  0.1812  1.565628 (4, 1068.0)  0.1812 

 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 12:20    

Sample: 5/22/1997 9/27/2007    

Included observations: 539    
       
       Null 

hypothesi
s: No 
serial 

correlatio       
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n at lag h 

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  5.046406  4  0.2826  1.263411 (4, 1062.0)  0.2826 

2  4.918260  4  0.2958  1.231254 (4, 1062.0)  0.2958 

3  3.272398  4  0.5133  0.818589 (4, 1062.0)  0.5133 

8.5.3. Post crisis period 

Europe, China 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 12:28    

Sample: 10/04/2007 2/08/2018    

Included observations: 539    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  1.809941  4  0.7707  0.452445 (4, 1062.0)  0.7707 

2  2.387604  4  0.6649  0.597010 (4, 1062.0)  0.6649 

3  5.814170  4  0.2135  1.456154 (4, 1062.0)  0.2135 
 
 

Europe, Russia 

VAR(2) 

VAR Residual Serial Correlation LM Tests   

Date: 04/26/18   Time: 16:36    

Sample: 10/04/2007 2/08/2018    

Included observations: 539    
       
       Null 

hypothesi
s: No 
serial 

correlatio
n at lag h       

       
       Lag LRE* stat df Prob. Rao F-stat df Prob. 
       
       1  1.893534  4  0.7553  0.473360 (4, 1062.0)  0.7553 

2  1.270882  4  0.8663  0.317611 (4, 1062.0)  0.8663 

3  8.282273  4  0.0818  2.076700 (4, 1062.0)  0.0818 
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8.6. Johansen cointegration with a structural break, whole period  

8.6.1. Europe, China 

Without a structural break, wrong 

Date: 04/26/18   Time: 20:48   

Sample (adjusted): 6/12/1997 2/08/2018  

Included observations: 1079 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LCH LEU     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.010185  21.51601  25.87211  0.1586 

At most 1  0.009657  10.47011  12.51798  0.1074 
     
      Trace test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.010185  11.04591  19.38704  0.5086 

At most 1  0.009657  10.47011  12.51798  0.1074 
     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
 

With a structural break, right 

Date: 04/27/18   Time: 14:55   

Sample (adjusted): 6/12/1997 2/08/2018  

Included observations: 1079 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LCH LEU     

Exogenous series: T DUMD(-2) T*DUMD(-2) DUML DUML(-1)   

Warning: Critical values assume no exogenous series  

Lags interval (in first differences): 1 to 2  
     
     
     

Unrestricted Cointegration Rank Test (Trace)  
     
     

Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None *  0.016221  27.16025  25.87211  0.0344 

At most 1  0.008779  9.514087  12.51798  0.1510 
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 Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     

Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None  0.016221  17.64616  19.38704  0.0879 

At most 1  0.008779  9.514087  12.51798  0.1510 
     
     
 Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

8.6.2. Europe, Russsia 

Without a structural break, wrong 

Date: 04/26/18   Time: 20:49   

Sample (adjusted): 6/12/1997 2/08/2018  

Included observations: 1079 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LEU LR     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.007007  9.386017  25.87211  0.9485 

At most 1  0.001666  1.798744  12.51798  0.9796 
     
      Trace test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.007007  7.587273  19.38704  0.8568 

At most 1  0.001666  1.798744  12.51798  0.9796 
     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
 

With a structural break, right 

Date: 04/27/18   Time: 14:56   

Sample (adjusted): 6/12/1997 2/08/2018  

Included observations: 1079 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 
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Series: LEU LR     

Exogenous series: T DUMD(-2) T*DUMD(-2) DUML DUML(-1)   

Warning: Critical values assume no exogenous series  

Lags interval (in first differences): 1 to 2  
     
     
     

Unrestricted Cointegration Rank Test (Trace)  
     
     

Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None *  0.013997  26.41718  25.87211  0.0428 

At most 1  0.010333  11.20735  12.51798  0.0820 
     
     
 Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     

Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None  0.013997  15.20983  19.38704  0.1825 

At most 1  0.010333  11.20735  12.51798  0.0820 
     
     
 Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

8.6.3. Computed trace statistic, q=1, V1=0.5 

P_MINUS_R CRIT_HL_90 CRIT_HL_95 CRIT_HL_99 CRIT_HC_90 CRIT_HC_95 CRIT_HC_99 

1 16.77163 18.90201 23.34611 11.05023 12.84865 16.69538 

2 34.45683 37.41791 43.40513 23.89653 26.44326 31.67582 

3 55.45807 59.09261 66.32091 40.26997 43.45896 49.87233 

4 80.10893 84.37903 92.78445 60.37412 64.17889 71.72991 

5 108.5829 113.4859 123.0697 84.38918 88.81157 97.51010 

6 140.8226 146.3632 157.1386 112.3013 117.3473 127.2090 

7 176.7491 182.9289 194.9010 144.0685 149.7383 160.7650 

8 216.4613 223.2732 236.4288 179.8148 186.0970 198.2674 

9 260.4261 267.8514 282.1539 220.0353 226.9046 240.1683 

10 309.6751 317.6821 333.0679 265.8219 273.2372 287.5126 

Where p is the number of variables tested, in our case 2, r – cointegrating rank is being tested (0 

and 1, in our case) 

8.6.4. Trace statistic’s summary 

 

Number of cointegrating equations Hl(r), EU/CH Hl(r), EU/RU 5 % critical value 

Zero   27.16025  26.41718 37.41791 

Most 1  9.514087  11.20735 18.90201 
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8.7. Johansen cointegration, sub periods 

8.7.1. Pre crisis period 

Europe, China 

Date: 04/28/18   Time: 12:43   

Sample (adjusted): 6/12/1997 9/27/2007  

Included observations: 538 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LCH LEU     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.030119  25.41482  25.87211  0.0569 

At most 1  0.016520  8.961898  12.51798  0.1827 
     
      Trace test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.030119  16.45292  19.38704  0.1269 

At most 1  0.016520  8.961898  12.51798  0.1827 
     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Europe, Russia 

Date: 04/28/18   Time: 12:45   

Sample (adjusted): 6/12/1997 9/27/2007  

Included observations: 538 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LEU LR     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.019790  12.98022  25.87211  0.7397 

At most 1  0.004130  2.226374  12.51798  0.9531 
     
      Trace test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
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Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.019790  10.75385  19.38704  0.5389 

At most 1  0.004130  2.226374  12.51798  0.9531 
     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

8.7.2. Post crisis period 

Europe, China 

Date: 04/28/18   Time: 12:47   

Sample (adjusted): 10/25/2007 2/08/2018  

Included observations: 538 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LCH LEU     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.040734  31.05083  25.87211  0.0103 

At most 1  0.015999  8.677241  12.51798  0.2012 
     
      Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.040734  22.37359  19.38704  0.0179 

At most 1  0.015999  8.677241  12.51798  0.2012 
     
      Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Europe, Russia 

Date: 04/28/18   Time: 12:48   

Sample (adjusted): 10/25/2007 2/08/2018  

Included observations: 538 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: LEU LR     

Lags interval (in first differences): 1 to 2  
     
          

Unrestricted Cointegration Rank Test (Trace)  
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     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.029567  21.18166  25.87211  0.1719 

At most 1  0.009315  5.034770  12.51798  0.5914 
     
      Trace test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None  0.029567  16.14689  19.38704  0.1390 

At most 1  0.009315  5.034770  12.51798  0.5914 
     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

8.7.3. Trace and Max-Eigen statistics’ summary, pre crisis 

Number of cointegrating equations Trace , EU/CH Trace, EU/RU 5 % critical value 

Zero   25.41482  12.98022  25.87211 

Most 1  8.961898  2.226374  12.51798 

Number of cointegrating equations 
Max-Eigen , 

EU/CH 
Max-Eigen, 

EU/RU 5 % critical value 

Zero   16.45292  10.75385  19.38704 

Most 1  8.961898  2.226374  12.51798 

8.7.4. Trace Max-Eigen statistics’ summary, post crisis 

Number of cointegrating equations Trace, EU/CH Trace, EU/RU 5 % critical value 

Zero   31.05083  21.18166  25.87211 

Most 1 8.677241 5.034770  12.51798 

Number of cointegrating equations 
Max-Eigen , 

EU/CH 
Max-Eigen, 

EU/RU 5 % critical value 

Zero   22.37359  16.14689  19.38704 

Most 1  8.677241  5.034770  12.51798 
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8.8. Granger non causality, Europe and China, post crisis 

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Inverse Roots of AR Characteristic Polynomial

 

VAR Granger Causality/Block Exogeneity Wald Tests 

Date: 04/28/18   Time: 23:00  

Sample: 10/04/2007 2/08/2018  

Included observations: 538  
    
        

Dependent variable: LCH  
    
    Excluded Chi-sq df Prob. 
    
    LEU  25.82479 2  0.0000 
    
    All  25.82479 2  0.0000 
    
        

Dependent variable: LEU  
    
    Excluded Chi-sq df Prob. 
    
    LCH  2.473493 2  0.2903 
    
    

All  2.473493 2  0.2903 
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