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1. Introduction 
Following the burst of the Shanghai Stock Index in August 2015, European stock markets and other 

stock markets in the world saw major losses being incurred as well. This gave rise to an increasing 

worrying regarding the impact that turbulences in Chinese stock markets have on financial markets 

worldwide (Economist, 2017). The large losses incurred by European stock markets following the 

stock market crash in China highlighted the increasing (financial) linkages between Europe and China 

and raised concern for possible financial contagion (FinancialPost, 2017). These linkages are expected 

to increase significantly in the future as China is in the process of opening up its financial markets to 

the rest of the world. Furthermore, Chinese investors are increasingly looking for investment 

opportunities abroad as domestic returns are expected to decline following lower expectations about 

the growth of the Chines economy in the future (Vergeron, 2015). 

 
Graph 1: This graph plots the day to day percentage changes of the SSE 180, DAX, CAC 40, FTSE 100 and the STOXX 50 
for the period 09-08-2016 till 28-02-2016 
 

 
 

Graph 1 shows the movement of the market in China(SSE 180), the stock market in Germany (DAX), 

the stock market in France (CAC 40), the stock market in the U.K. (FTSE 100) and the stock market 

for the Eurozone (STOXX 50). Graph 1shows the movements of these stock markets for the period 

August 9 2015 till February 28 2016. When looking at the graph one sees a high correlation between 

the markets. The increased movement of prices during this period between the Chinese stock market 

and the European stock markets that can be seen in the graph might be caused by contagion from the 

Chinese stock market towards the European stock markets. Financial contagion can be harmful and 

may lead to undesirable outcomes for the affected countries. For example, financial contagion might 

have a negative effect on the international portfolio optimization of investors in both the affected 

countries and the source country. If there is indeed financial contagion from one country or region to 

another, investor may want to reconsider their optimal portfolio selection (Roy & Roy, 2015). If 

investment portfolios have to be optimized more frequently, this will lead to more transactions and 

thus to higher transaction costs. Furthermore, financial contagion might also have negative effects on 
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the real economy of the affected country or region by worsening the state of its financial system 

(OECD, 2012).  

Different authors use different definitions for contagion. In this thesis the definition of Forbes 

and Rigobon (2002) will be used. This is the most used definition in economic literature. Furthermore, 

this thesis will also for the most part use the methodology of Forbes and Rigobon (2002) and therefore 

their definition of contagion is preferred. Forbes and Rigobon (2002) define contagion as ‘a significant 

increase in cross-market linkages after a shock to one country (or a group of countries).’. The 

important implication of this definition is that contagion strictly refers to a significant increase in 

cross-market linkages. To find out if there is an increase, the correlation coefficient in the pre-crisis 

period or tranquil period is compared to the correlation coefficient in the crisis period. If there is no 

increase in cross-market linkages after a shock, then the term interdependence is used by Forbes and 

Rigobon (2002). This situation refers to high correlation coefficients between two economies that do 

not only exist in periods of crisis, but also in stable or booming states as well.  Interdependence is a 

result of existing linkages between the economies such as trade linkages. The methodology of Forbes 

and Rigobon (2002) is preferred because it enables one to measure contagion directly by analyzing the 

correlation coefficients in crisis periods and stable periods. Furthermore, the methodology does not 

require one to differentiate between different channels that facilitate contagion.  

When European financial markets started to show major losses after the Chinese stock market 

had crashed, the coverage for the crisis in China increased significantly in Western media. The crisis 

in China was now being perceived as a potential threat to financial markets all over the world due to 

possible contagion (Financial Post, 2017) (Financial Times, 2017) (CNN Money, 2017) (The 

Washington Post, 2017). The increased worrying in (European) financial markets about contagion 

after the Chinese stock market crash of 2015-2016 is justified to some extent, since economic research 

has shown that contagion is indeed a real risk and can occur between markets. The risks of financial 

contagion and the mechanisms behind its workings will be discussed more thoroughly in later 

chapters. However, literature specifically regarding the possible contagion risks from China towards 

other markets is relatively scarce. This literature is scarce as China only recently became a world 

player in the international stock markets. The Chinese stock market crash of 2015 has revealed the 

possible effects of turmoil in Chinese stock markets on stock markets in other regions of the world.  

Therefore this thesis will contribute to the existing literature and address current worries in financial 

markets by studying the correlation between stock market returns in China and stock market returns in 

European markets. The thesis aims to answer the following research question: ‘’Was there contagion 

from Chinese financial markets towards European financial markets during the Chinese stock market 

crash of 2015-2016?’’ By answering this question, this thesis will provide insight into the possible 

contagion mechanisms between China and Europe and determine whether or not the worrying in the 

financial markets  about contagion from China was justified. Also, the insights into the contagion 

mechanisms between China and Europe might be helpful when considering policies regarding 
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financial regulation. A better understanding of the potential risks for the financial system enables 

financial regulators to improve the architecture of the financial system. To my full knowledge this is 

the first study that specifically focusses on the contagion effects of the Chinese stock market crash of 

2015 towards other regions.  

This thesis is structured as follows. Chapter 2 will contain an overview of the existing 

literature about contagion and the different methodologies used to measure contagion. This chapter 

will also discuss the channels through which contagion can take place and the advantages and 

disadvantages of the several methods of measuring contagion. Chapter 3 will elaborate on the 

methodology used in this thesis and the proposed correction for the correlation coefficients. The Z-

test, which is used to test the significance of the results will also be discussed in this chapter. Chapter 

4 will discuss the results. The main conclusion of the results is that when adjusting for 

heteroscedasticity in the correlation coefficients, there is very little evidence for financial contagion 

from China towards European markets. The results suggest that the potential contagion risk from 

China towards Europe is virtually non-existent. Chapter 5 contains the conclusion.  
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2. Literature overview 
This section will provide an overview of the existing relevant literature about contagion. First, the 

causes of contagion will be discussed by elaborating upon the channels that can cause financial 

contagion. Second the methodologies used when testing for contagion will be discussed in a general 

way by to understand their advantages and disadvantages. 

 

2.1. Channels of contagion 
An outstanding overview of the channels through which contagion can take place, is given by 

Dornbusch, Park and Claessens (2000). The authors provide an overview of most of the existing 

literature on causes and effects of financial contagion. Without focusing on the precise effects of 

financial contagion one can conclude that financial contagion is undesirable by definition since it 

refers to situation in which excess volatility is transferred from one country to another during a crisis 

period. For the main purpose of this thesis the causes are much more important than the effects 

because the potential causes determine whether or not there can be financial contagion. Dornbusch, 

Park and Claessens (2000) divide the causes of contagion in two categories: fundamental-based 

contagion and non-fundamental-based contagion. The first group refers to contagion spillovers that are 

the result of the existing linkages between countries, both real linkages and financial linkages. The 

second category refers to contagion spillovers that cannot be linked to changes in macroeconomic 

variables or fundamentals. These contagion spillovers are mostly caused by behavior of investors and 

other financial agents who are relocating their international assets under certain limitations.  

Fundamental-based contagion can take place through four different channels. The first channel 

is referred to by Dornbusch, Park and Claessens (2000) as the ‘common shock’ channel. This channel 

is relevant when there is a clear global shock that affects many countries worldwide. This channel is 

especially important for emerging markets, since they are more sensitive to these types of shocks. 

However, this channel is not relevant for this thesis since it can be ruled out that there was a clear and 

global crisis during the period of interest. The second channel works through the trade linkages 

between the source country and the affected countries. When a country is experiencing a crisis, its 

trading partners could experience declining asset prices or capital outflow as a result of an expected 

worsening of the exports and thus the trade account. These trade linkages might be of importance for 

the research topic of this thesis. The European Union and China have strong trade linkages and China 

is the EU’s second largest export market. In 2015 the total worth of exports from the EU to China 

equaled €170 billion (European Commission, 2017).  The third channel works through competitive 

devaluations. When the source country gets hit by a crisis it can choose to devaluate its currency to 

improve its competiveness at the cost of other countries. These other countries are then inclined to 

react to their own worsened competiveness. This situation can lead to countries continuously 

devaluating their currencies to stay competitive. If market participants expect such a situation of 

competitive devaluation, they might liquidize all their assets in foreign countries or refuse to lend to 
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foreign countries. This could be seen in the Asian crisis of 1997 which was studied by Forbes and 

Rigobon (2002). The exchange rates of multiple countries in Asia depreciated, even when there was no 

reason to assume this based on their fundamentals. This channel as well is not expected to be of great 

relevance for this thesis, since no competitive devaluation was observed during the investigated time 

period of this thesis. China is in the process of internationalizing its official currency, the Renminbi. 

The internationalization of the Renminbi is planned carefully by the People’s Bank of China and the 

policy is aimed at avoiding competitive devaluation while internationalizing the Renminbi. China’s 

central bank is pursuing this policy because they expect that a situation of competitive valuation will 

lead to a stagnating world economy. Being a main exporting country, China’s economy will 

experience large negative effects as a result (Chovanec, 2016).  The last channel through which 

contagion can take place are financial links. This channel simply refers to the existing financial links 

between countries. These financial links, just like the trade links, are a result of economic integration 

of a country into the world market. This channel is especially relevant for China as the country is 

increasingly getting more integrated into the world economy by liberalizing its capital account and 

increasing its foreign direct investments (Vergeron, 2015) (Arsnalalp et al, 2016).  

Non-fundamental-based contagion mostly works through the behavior of investors. The first 

channel through which non-fundamental-based contagion works is liquidity. Investors and lenders 

may be forced to sell off assets as a result of large capital losses that were incurred in the country 

which was hit by crisis. These capital losses are especially troublesome for international institutional 

investors who often have to maintain a minimum amount of liquid assets.  Furthermore, when 

investors try to sell their assets in the crisis country, they might not be able to do so as a result of a low 

demand. These investors are then forced to sell assets in other countries, even when these countries 

show no deterioration in their fundamentals or economic outlook. The selloff in these countries may 

lead to declining asset prices even when the country was not hit by a crisis. The worsened liquidity 

may also lead to less lending opportunities in the crisis country’s market and other markets (Hedge 

and Paliwal, 2011). Institutional investors are becoming increasingly larger in China. Between 2004 

and 2007 institutional investors’ assets grew by 25% and accounted for 44% of the Chinese stock 

market (Deng and Xu, 2011). Due to the implosion of stock prices in China and the trade restrictions 

imposed by China’s national financial regulator, the CSRC, both these institutional investors as well as 

non-institutional investors experienced a worsening of their liquidity. As the total amount of assets 

belonging to institutional investors in China are growing rapidly, the Chinese market has the potential 

to become of the largest institutional investor bases in the world (Kim et al., 2003). This would imply 

that the channel of liquidity could become more important for China in the future and may already be 

of importance today. The second channel through which non-fundamental-based contagion works, is 

information asymmetries between investors. This imperfect information leads to different expectations 

among investors. Investors may falsely believe that a crisis in one country can lead to a crisis in 

another country even if the fundamentals of that country give no reason to assume this. This type of 
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behavior is irrational and is caused by the imperfect information that investors have about the causes 

of the crisis in the source country (Dornbusch et al., 2000). The Chinese stock market is highly 

regulated, especially for foreign investors. The high regulation and restrictions for foreign investors 

lead to a relatively small share of foreign investors in China’s financial markets. The low level of 

market participation by foreign investors in Chinese stock markets can further decrease the ability of 

foreign investors to understand the potential causes of a crisis in Chinese financial markets. This 

channel is therefore expected to be of importance.  

 

2.1 Cross market correlation analysis and other methods 
Several methods have been used to measure the existence and possible signs of contagion. Almost all 

of these methods do not make clear how contagion has taken place, but only if there was any 

contagion. In other words, these methods do not differentiate between the previously mentioned 

channels of contagion. This is not troublesome for the aim of this thesis, which is to determine 

whether or not there was any contagion from China towards Europe. Four methods are the most 

prominent in the literature about contagion: cross-market correlation coefficient analysis, GARCH and 

ARCH frameworks, integration analysis and probit models. The most used method when testing for 

contagion is comparing cross-market correlations and this is the method that will be used in this thesis. 

It is important to note that the methodology has a significant effect on the results and thus a clear 

motivation of the chosen methodology is preferred. To understand why specifically the method of 

cross-market correlation analysis is used in this thesis, a basic understanding of the other methods is 

needed to compare the advantages and disadvantages of each method. 

 GARCH and ARCH frameworks are used to estimate the variance and covariance of the 

transmission mechanisms between countries or groups of countries. Brailsford, Lin and Penm (2006) 

employ a GARCH framework to measure currency contagion between Asian markets during the Asian 

financial crisis. They find evidence for contagion, especially for Thailand and South-Korea. These 

findings are contrary to the findings of Forbes and Rigobon (2002), although Forbes and Rigobon 

(2002) did not specifically focus on currency contagion. However, currency mechanisms can act as a 

channel for financial contagion (Dornbusch et al, 2000). Saleem (2009) also uses a GARCH 

framework to study the international transmission of the Russian financial crisis of 1998. Saleem 

(2009) focusses on the linkage of the Russian equity market with international equity markets. The 

study finds evidence for contagion from Russia towards international markets, although this evidence 

is weak. Most studies that use the GARCH and ARCH framework find evidence for transmission of 

market volatility across financial markets in separate countries. However, according to Forbes and 

Rigobon (2002), these studies do not explicitly test for a change in the transmission of volatility 

during crisis periods. The studies only look at whether or not transmission has taken place in the 

period that is being studied. According to the definition of contagion by Forbes and Rigobon (2002), 

only an increase in the transmission can be considered contagion and thus most studies based on 
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GARCH and ARCH models are not useful for measuring contagion as defined by Forbes and Rigobon 

(2002). This does not mean however that contagion studies based on GARCH and ARCH models are 

not useful at all; these studies have provided important evidence that volatility can indeed be 

transmitted across markets in different countries.  

 Integration analysis determines the change in cross-market linkages by looking at the change 

in the co-integrating vector between markets over a longer period of time. This method, in contrast to 

the GARCH method, does focus on changes in cross-market relationships. However, studies using this 

method usually test for contagion during very long periods of time, sometimes even several decades 

(Longin and Solnik, 1995). By studying such long periods, these studies do not actually test for 

contagion. Cross-market linkages and thus correlations could increase for several reasons over such 

long periods of time, such as higher trade integration or financial integration and not necessarily due to 

contagion. Furthermore, testing contagion over such long periods of time could lead to missing the 

effect of actual crises when the cross-market relationships only increase for a short period of time 

(Forbes and Rigobon, 2002). In a recent paper, Mollah, Zafrov and Quoreshi (2014) employ 

integration analysis in combination with a DCC-GARCH framework to test for contagion from the 

U.S. towards other countries during the financial crisis of 2007. They demonstrate that when using the 

correct methodology for integration analysis and GARCH frameworks, one is able to obtain valid 

results about the mechanisms of contagion. Their results show that there was contagion from the U.S. 

towards other financial markets during the financial crisis 0f 2007. However, even with this improved 

but much more complicated method of measuring contagion, the method of Forbes and Rigobon 

(2002) is preferred since it is better able to measure contagion during short periods of time when there 

is a crisis. 

 Probit models aim to directly test how specific factors have an effect on the sensitivity of a 

country to financial crises. In the existing literature, several different probit models are used to test 

this. Forbes (2002) uses a probit model to estimate the impact of the Asian and Russian crises on the 

stock returns of thousands of companies located all over the world. She finds that trade linkages are an 

important factor in determining firms’ stock returns and therefore the vulnerability of a country to the 

Asian and Russian crises. In a more recent paper by Amaral, Abreu and Mendes (2014) the 

methodology of Forbes (2002) is extended by changing the traditional probit model to a spatial probit 

model to test for contagion within the banking sector. The authors state that their model is superior 

because it allows one to consider the possible cross- and feedback effects of contagion. However, as 

mentioned earlier, the number of foreign investors in Chinese financial markets is relatively small due 

to the high regulation and restrictions imposed by the CSRC on foreign investors. Therefore, any 

potential cross- and feedback effects are expected to be small. Most papers that use probit models aim 

to test for changes in very specific cross-market transmission channels and do not provide a clear, 

general definition for financial contagion. This makes probit models the only method suitable for 

differentiating between the different channels of contagion. However, the main purpose of this thesis 
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is not to differentiate between different channels of contagion by testing these channels separately. 

Rather, this thesis aims to determine whether or not there was any contagion at all from China towards 

the Eurozone. Therefore, a method that can test for contagion in general is more preferred.  

The above makes clear that a wide range of methodologies are applied in the literature about 

how shocks are transmitted between markets in different countries. Cross-market correlation analysis 

as used by Forbes and Rigobon (2002) is the preferred method of analysis since it is the only method 

that is able to directly test for overall contagion during relatively short periods of time. Forbes and 

Rigobon demonstrated the effectiveness of their methodology in their study about possible contagion 

during the 1987 U.S. stock market crash, the 1994 Mexican currency crisis and the 1997 Asian crisis. 

The study is based on comparing cross-market correlations before a crisis and during a crisis. 

Contagion is indicated by a significant increase in the correlation coefficient of the crisis period 

compared to the correlation coefficient in the tranquil period. This methodology was already widely 

used in studies about contagion before Forbes and Rigobon (2002) released their paper. King and 

Wadhwani (1993) used cross-market correlations to test if there was any contagion from the U.S. 

towards the U.K. and Japan. Their results showed a significant increase in cross-market correlations 

after the U.S. stock market crashed in 1987 and concluded that there was indeed contagion towards the 

U.K. and Japan. Lee and Kim (1993) use the same methodology to test if any other markets were 

affected by the U.S. stock market crash of 1987 and they too find strong evidence for contagion. 

However, according to Forbes and Rigobon (2002) all the correlation-coefficients used in these studies 

are biased.  

In their paper, the authors show that the calculated correlation coefficient suffered from a 

heteroscedasticity bias, because the correlation coefficient is increasing in the variance of the market 

in the country where the crisis originated. To explain this intuitively, I will present a simple example 

based on the example Forbes and Rigobon (2002) used in their paper. Assume there are two markets: 

market A and market B. Market A has a low variance in tranquil times and a high variance in crisis 

times. Assume also that the return of market B is for some part determined by the return in market A. 

This also implies that a part of the variance in market B is determined by the variance in market A. In 

tranquil times, when the variance in market A is low, a relatively small part of the total variance in 

market B is determined by the variance in market A. In crisis times however, when the variance in 

market A increases significantly, a much larger part of the total variance of market B is determined by 

the variance of market A. In other words, during a crisis the part of variance in market B that is 

determined by the variance in market A becomes relative large compared to the total variance of 

market B. This obviously leads to an increase in covariance between market A and market B since they 

now move in the same way and this leads to a significantly higher correlation coefficient between the 

two markets in crisis periods. Forbes and Rigobon (2002) argue that this is not contagion because the 

cross-market linkages between the countries have not changed; the increased correlation is caused by 
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the increase in variance in the country where the crisis originated. Therefore a direct comparison of the 

correlation coefficients in crisis times can lead to misleading conclusions.  

 It can be formally shown that the correlation coefficient between two markets is increasing in 

the variance of the market where a crisis originated. The following proof is based on the proof as given 

by Forbes and Rigobon (2002) and Corsetti, Pericoli and Sbracia (2005). The notations are altered to 

match the intuitive example that was given earlier. Suppose again that we have two markets, market A 

and market B.  

 

The relationship between these two markets is given by the following equation: 

 

𝑟𝑟𝐵𝐵 = 𝛽𝛽0 +  𝛽𝛽1𝑟𝑟𝐴𝐴 +  𝜀𝜀𝐴𝐴      (1) 

 

where 𝑟𝑟𝐵𝐵 is the return in market B, 𝑟𝑟𝐴𝐴 is the return in market A, 𝛽𝛽0 is a constant, 𝜀𝜀𝐴𝐴 is the error term 

which is independent of 𝑟𝑟𝐴𝐴 and 𝛽𝛽1 measures the strength of the link between the markets. The variance 

of 𝑟𝑟𝐵𝐵, the covariance and the correlation between the returns in both markets are given by: 

 

𝑉𝑉𝑉𝑉𝑟𝑟 (𝑟𝑟𝐵𝐵) = 𝛽𝛽12𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)  +  𝑉𝑉𝑉𝑉𝑟𝑟 (𝜀𝜀𝐵𝐵)    (2) 

 

𝐶𝐶𝐶𝐶𝑣𝑣 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) = 𝛽𝛽1𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)     (3) 

 

𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) =  1

�1+
𝑉𝑉𝑉𝑉𝑉𝑉 �𝜀𝜀𝐴𝐴�

𝛽𝛽1
2𝑣𝑣𝑉𝑉𝑉𝑉 �𝑉𝑉𝐴𝐴�

 

      (4) 

 

Where 𝑉𝑉𝑉𝑉𝑟𝑟 (𝑟𝑟𝐵𝐵) is the variance of the returns in market B, 𝐶𝐶𝐶𝐶𝑣𝑣 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) is the covariance of the 

returns in market B and the returns in market A and 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) is the correlation between the two 

market returns. Some basic algebra is used to get from equation (2) and (3) to equation (4): 

 

𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) =  
𝐶𝐶𝐶𝐶𝑣𝑣 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 )

�𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐵𝐵) +  �𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)
 

 

𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) =  
𝐶𝐶𝐶𝐶𝑣𝑣 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 )

�𝛽𝛽12𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)2 + 𝑉𝑉𝑉𝑉𝑟𝑟 (𝜀𝜀𝐵𝐵) �𝑉𝑉𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)
 

 

𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) =  
𝛽𝛽1𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)

𝛽𝛽1𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴) + �1 + 𝑉𝑉𝑉𝑉𝑟𝑟 (𝜀𝜀𝐵𝐵)
𝛽𝛽12𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴)
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𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟 (𝑟𝑟𝐵𝐵, 𝑟𝑟𝐴𝐴 ) =  
1

�1 + 𝑉𝑉𝑉𝑉𝑟𝑟 (𝜀𝜀𝐴𝐴)
𝛽𝛽12𝑣𝑣𝑉𝑉𝑟𝑟 (𝑟𝑟𝐴𝐴) 

 

 

Equation (4) clearly shows that the correlation between the returns in market B and market A is 

increasing in the variance of the returns in market A. An increase in the variance of the returns in 

market A makes the denominator smaller and thus the correlation coefficient larger. Forbes and 

Rigobon (2002) propose a correction for this increased volatility during crisis periods. In their paper, 

they propose to adjust the biased correlation coefficients with the following formula: 

 

𝜌𝜌𝑐𝑐 =  𝜌𝜌𝑐𝑐∗

�1+𝛿𝛿[1−(𝜌𝜌∗)²
        (5) 

 

Where 𝜌𝜌𝑐𝑐 stands for the unconditional (adjusted) correlation coefficient in the crisis period, 𝜌𝜌𝑐𝑐∗ is the 

conditional correlation coefficient and is conditional on the variance of the market returns in the 

country where the crisis originated and finally 𝛿𝛿 is the relative increase in the variance of the market 

returns of the source country. It is important to note that the proposed adjustment of Forbes and 

Rigobon (2002) can only be applied when assuming there is no endogeneity or omitted variables. 

Although these assumptions are highly restrictive, Forbes and Rigobon (2002) argue that that when 

directly measuring contagion, there is no other way for controlling for heteroscedasticity in market 

returns while not making these assumptions. Their proposed adjustment and the reasoning behind their 

assumptions will be discussed more extensively in the methodology section of this thesis.  

 The current empirical findings when measuring for contagion using cross-market 

correlation analysis, are mixed. When conducting their research, Forbes and Rigobon (2002) found 

only very little evidence for contagion from Hong Kong towards other markets during the Asian crisis 

of 1997. Though they did find an increased correlation between the source country and the other 

markets after the crisis had started, this increased correlation was only a continuation of the high 

correlation which was already present before the crisis and was not the result of contagion. Walti 

(2003) also conducted research about the possible contagion following the Asian crisis of 1997 and 

did find evidence for contagion. These results contrast the results of Forbes and Rigobon (2002). This 

difference in results is probably caused by slightly different methodologies and a different selection of 

the crisis period and the pre-crisis period. This is important to note, since the methodology used in this 

thesis will differ from the methodology of Forbes and Rigobon (2002) in so far that it defines the 

tranquil period differently. In their paper, Forbes and Rigobon (2002) define the tranquil period as the 

total period consisting of both the stable period and the crisis period. Thus, they compare the 

correlation coefficients during the crisis period with the correlation coefficients during the total period. 

This thesis however will make a clear distinction between the tranquil period and the crisis period. The 
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correlation coefficients during the crisis period will be compared to the correlation coefficients of the 

pre-crisis period to be able to see the effect of the crisis on the correlation coefficient. The effect of the 

methodology on the results will be discussed elaborately in later sections of this thesis. However, the 

findings of Forbes and Rigobon (2002) for the East Asian crisis of 1997 are more in line with the 

findings of other authors. Worthington and Higgs (2004) did research about the contagion mechanisms 

between developing and developed markets and found that developed markets are usually the source 

of financial contagion while developing markets are the victim of financial contagion. They do note 

that this is not always the case and mainly depends on the specific characteristics of the crisis and the 

size of the source country. China is an economic world power and a major trading partner of other 

economic world powers. Therefore, one would expect that a crisis in China should have consequences 

for the rest of the world. However, given the specific composition of the Chinese stock markets, this 

effect is expected to be smaller. These findings are in line with results of Beirne and Gieck (2012) who 

conducted an extensive empirical study about contagion and interdependence for more than 60 

countries for the period 1998-2011. They find that developed countries are less sensitive to contagion 

than developing markets. Hong Kong, which was the source market in the research of Forbes and 

Rigobon (2002) can be considered an emerging market in 1997 and thus it is not likely that this market 

could cause contagion towards developed markets.  

China also can be considered a developing market (IMF, 2017). However, China is a special 

case due to its economic size and influence (TheCapitalGroup, 2017). Even when existing literature 

currently does not point towards contagion from developing markets to developed markets, this should 

not necessarily be the case for China. Literature regarding the contagion risk from China towards other 

markets is scarce. In addition, most existing literature about this specific topic mainly focusses on 

China’s effect on surrounding markets and not on markets outside of Asia. Shen et al. (2015) did 

conduct a study about financial contagion between Europe and China, but this study focused on 

Europe as the source country after the European markets crashed following the financial crisis of 

2007. They find that the contagion effects were minimal as the crisis did not have a big impact on the 

investors’ psychology in the Chinese stock market. Arslanalp et al (2016) studied the contagion risks 

of China towards other markets, but their study only focused on surrounding markets in Asia. 

However, their findings were interesting in light of the topic of this thesis. Their study found that 

China’s financial influence is expanding in the region and can lead to increasing contagion risks for 

the countries surrounding China. Another interesting finding in their study is that China’s financial 

influence may become relevant for other markets in the world as result of the recent internalization of 

China’s national currency and the liberalization of their capital account. These findings underline the 

importance of understanding the financial influence of China on other markets in the world by 

examining the risks of contagion from China towards international stock 

This section presented an overview of the existing literature about contagion and 

methodologies used when measuring contagion. The next section will discuss the cross-market 
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correlation analysis methodology in detail. Also, the data that will be used in this thesis will be 

described. 
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3. Methodology and data 
This section will elaborate more specifically on the cross-market correlation analysis used in this 

thesis and the methodology used to test for the significance of the results. First the methodology of 

Forbes and Rigobon (2002) will be described. Next, the division of the crisis periods and the tranquil 

periods will be described. This is an important part of the methodology and it also differs from the 

division of the tranquil and the crisis periods as chosen by Forbes and Rigobon (2002).  Also the 

assumptions necessary for the methodology will be elaborated on. Finally, the daily return data for all 

markets in the sample for the period 22-07-2012 till 28-02-2016 will be described. 

 

3.1 Methodology 
In Forbes and Rigobon’s paper No Contagion, Only Interdependence: Measuring Stock Market 

Comovements, the authors compare correlation coefficients in tranquil times and in crisis times and 

look for an increase in the correlation coefficient to test for contagion. However, the authors claim that 

a direct comparison of correlation coefficients can lead to misleading results. They show in their paper 

that the correlation between two markets always increases after a crisis hits one of these markets. An 

increase in the volatility of the source country thus automatically leads to a higher correlation 

coefficient between the markets and can lead one to believe contagion has taken place. The intuitive 

example and the formal prove for this mechanism are given in the literature section of this thesis. 

Forbes and Rigobon (2002) differentiate between two correlation coefficients: the conditional 

correlation coefficient and the unconditional correlation coefficient. The conditional correlation 

coefficient is biased because it is conditional on the volatility of the source country. One has to correct 

for this bias to obtain the unconditional correlation coefficient. In their paper, the authors propose the 

following solution:  

 

𝜌𝜌𝑐𝑐 =  𝜌𝜌𝑐𝑐∗

�1+𝛿𝛿[1−(𝜌𝜌∗)²
      (1) 

 

Where 𝜌𝜌𝑐𝑐 stands for the unconditional (adjusted) correlation coefficient in the crisis period, 𝜌𝜌𝑐𝑐∗ is the 

conditional correlation coefficient and is conditional on the variance of the market returns in the 

country where the crisis originated. 𝛿𝛿 is the relative increase in the variance of the market returns of 

the source country and can be calculated in the following way: 

 

𝛿𝛿 =  𝜎𝜎𝑐𝑐
²

𝜎𝜎𝑡𝑡²
        (2) 

 

Where 𝜎𝜎𝑐𝑐² is the variance of the source country’s market in the crisis period and 𝜎𝜎𝑡𝑡² is the variance of 

the source country’s market in tranquil times. As mentioned before, Forbes and Rigobon (2002) define 
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the tranquil period as the total period consisting of both the pre-crisis period and the crisis period. 

They do not give a reason for choosing this kind comparison instead of comparing the crisis 

correlation coefficient with the pre-crisis correlation coefficient which seems more logical. However, 

they do state that for their results it does not make a difference when comparing the crisis period 

correlation coefficient to the total period correlation coefficient or the pre-crisis period correlation 

coefficient. In this thesis I will not use the comparison method of Forbes and Rigobon (2002) and 

follow Corsetti et al. (2005) and Lee (2012) by comparing the crisis period correlation coefficient to 

the tranquil period correlation coefficient. It is more logical to compare pre-crisis correlation 

coefficients and post-crisis correlation coefficients, because one is then best able to observe the effect 

of a crisis on the correlation coefficients. If the comparison of the correlation coefficients suggests 

contagion, then one can be certain that this contagion is a result of the crisis. Once the adjusted 

unconditional correlation coefficients in crisis times are obtained, one can compare them to the 

correlation coefficient in tranquil times and see if there is a significant increase. The following 

hypotheses are then tested: 

 

𝐻𝐻𝑜𝑜: 𝜌𝜌𝑐𝑐 ≤ 𝜌𝜌𝑡𝑡 

𝐻𝐻1: 𝜌𝜌𝑐𝑐 > 𝜌𝜌𝑡𝑡 

 

𝐻𝐻𝑜𝑜 states that the correlation coefficient in crisis times is equal to or smaller than the correlation 

coefficient in tranquil times. Rejection of the null hypothesis thus indicates contagion. To test if the 

correlation coefficient in crisis times is significantly higher than the correlation coefficient in tranquil 

times, a standard Z test for statistical inference is conducted. Correlation coefficients often have an 

askew distribution and thus a Fisher-Z-Transformation of the correlation coefficients is required to 

transform the correlation coefficients into normally distributed z variables. The application of Fisher-

Z-Transformation is applied in numerous studies about contagion (Basu, 2002) (Corsetti et al., 2005) 

(Chiang et al, 2007) (Lee, 2012). A method for this transformation is suggested by Morrison (1983) 

who uses the following formulas to calculate the Z values of the correlation coefficients:  

 

𝑍𝑍 =  𝑍𝑍𝑐𝑐−𝑍𝑍𝑡𝑡
𝑉𝑉𝑉𝑉𝑉𝑉(𝑍𝑍0−𝑍𝑍1)

       (3) 

 

where 

 

𝑍𝑍𝑐𝑐 =  1
2

ln (1+𝜌𝜌𝑐𝑐
1−𝜌𝜌𝑐𝑐

)      (4) 
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𝑍𝑍𝑡𝑡 =  1
2

ln (1+𝜌𝜌𝑡𝑡
1−𝜌𝜌𝑡𝑡

)      (5) 

 

and 

 

𝑉𝑉𝑉𝑉𝑟𝑟(𝑍𝑍0 − 𝑍𝑍1) =  �(𝑁𝑁𝑐𝑐 − 3) + (𝑁𝑁𝑡𝑡 − 3)   (6) 

 

where 𝑁𝑁𝑐𝑐 is the total observations during the crisis period and 𝑁𝑁𝑡𝑡 is the total observations during the 

tranquil period. This method of transforming the correlation coefficients into normally distributed Z 

variables is used by most authors that employ the Fisher-Z-Transformation. The critical values for the 

Fisher Z test at the 1%, 5% and the 10% significance level are respectively 1.28, 1.65 and 1.96. In this 

thesis a significance level of at least 5% is required and thus a Z-value of at least 1.65 is needed to 

reject the null hypothesis of no contagion; any Z value higher than 1.65 can be considered strong 

evidence for contagion according to this thesis. A significance level of at least 5% is required because 

this is the traditional level of significance in most academic papers. All calculations are made in 

Microsoft Excel 2010. 

 

3.2 Underlying assumptions 
The adjustment for the conditional correlation coefficient as proposed by Forbes and Rigobon (2002) 

requires two assumptions to be met for it to be valid. First, the proposed adjustment assumes there are 

no omitted variables, mainly large exogenous shocks that would affect both countries during the crisis 

period. It is reasonable to assume that this assumption was true during the crisis period. In the period 

August 2015 till February 2016, there were no large global shocks. According to the  June 2015 

Global Economic Prospects of the World Bank, the world economy was in uplift and was expected to 

grow 2.8% in 2015 and 3.2% in 2016-2017. Fueled by low oil prices and increasing demand, the 

World Bank was positive for the global economic outlook especially for oil importing regions, which 

include both China and the Eurozone. Furthermore, in their paper, Forbes and Rigobon (2002) show 

that when countries have strong linkages, such as trade linkages, their methodology is still valid and 

accurate, even in the presence of large exogenous shocks.  China and the Eurozone are very well 

linked through trade as China is the EU’s second biggest trading partner after the U.S. and the EU is 

China’s biggest trading partner (European Commission, 2017). With the increasing 

internationalization of the Chinese economy, these trade linkages are expected to increase. It is not 

likely that exogenous shocks will bias the results in this thesis and thus the assumption of no large 

exogenous shocks can be accepted as true. 

 Second, the proposed adjustment also assumes that there is no endogeneity. In other words, 

there can be no strong feedback effects from the affected country to the source country. If this does 

happen, then the resulting endogeneity will lead to biased results due to simultaneous causality. This 
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problem can be avoided if there is a clear source country. In the case of this thesis, it is clear that 

China is the source country. The major stock market losses in Europe happened after it became clear 

that the Chinese stock market was experiencing the biggest crash in its history. The stock market crash 

in China began as early as June 2015, while its effect on the European financial markets was only 

visible in August 2015, about two months later. It is very clear which of the countries is the source 

country and thus the effect of endogeneity can be neglected according to Forbes and Rigobon (2002). 

It is thus not likely that endogeneity will bias the results of this thesis and the second assumption can 

also be accepted as true.  

 
3.3 Tranquil periods and crisis periods 
This thesis will focus on two tranquil periods and three crisis periods. The crisis period is described as 

the period in which the effects of the stock market crash of China on European financial markets 

became visible. In other words, the crisis period refers to the period were both the Chinese stock 

market and European stock markets were perceived to be in a crisis. The two tranquil periods will both 

start on July 12 2012 when Mario Draghi gave his famous ‘whatever it takes’ speech and changed the 

markets’ expectations about the Eurozone and the economic outlook by reassuring the markets that the 

ECB was capable of handling crises in the Eurozone and defending the Euro (Draghi, 2012). This had 

major implications for both the Eurozone and the rest of the world, because it ended all speculation 

about the  seemingly uncontainable European debt crisis and the possible fall down of the Euro. The 

renewed confidence of investors in the Eurozone ushered in a period of stability for financial markets 

all over the world. The date on which Mario Draghi gave his speech is thus a suitable date for the start 

of the tranquil period. The first tranquil period will run from 12-07-2012 till 09-08-2015 and is called 

the ‘long’ tranquil period. This period is called the long tranquil period because it is the longest 

possible tranquil period before the crisis period starts on 10-08-2015. The second tranquil period will 

run from 12-07-2012 till 31-09-2014 and will be called the ‘short’ tranquil period. This period is 

chosen so that it gives a better representation of the correlation coefficient during tranquil times. The 

Chinese stock market experienced an explosive growth in the period October 2014 till June 2015. In 

this period, the Chinese stock market grew by more than 100% (Bloomberg, 2017). This explosive 

growth has led to an increased volatility in the Chinese stock markets. Such extreme growth within a 

relatively short period of time is not normal in tranquil times. Thus, the exclusion of this period from 

the ‘long’ tranquil period can lead to a better representation of the correlation coefficient in tranquil 

times (Caporin et al, 2015).  

 There are a total of 3 crisis periods: a short crisis period, a middle crisis period and a long 

crisis period. All the crisis periods start on the same date, August 10 2015. The first major losses in 

European financial markets, following the crash of the Chinese stock markets in June 2015, were 

observed in the week beginning on August 10 2015.  Even though the stock market in China began 

collapsing as soon as mid-June 2015, the crisis only transferred to Europe in the beginning of August 
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2015. This delayed transmission of the crisis is probably caused by the different amount of (Western) 

media coverage about the Chinese stock market crash. Investors in Europe and the U.S. only began to 

worry about the stock market crash in China when the mainstream Western media began to report 

about it daily. The start of the crisis and the significant increase in media attention for the Chinese 

stock market crash happened at the same time. It is plausible to assume that the increased media 

coverage for the Chinese stock market crash made European investors (more) aware of the financial 

crisis that was going on in China. Forbes and Rigobon (2002) use the same reasoning for picking their 

starting date for the crisis. They claim that media coverage about financial crises can start the process 

of contagion by making all investors abroad aware of the crisis in the source country. Daily media 

coverage about the Chinese stock market crash only started in August, when it looked like the initial 

crash of the Chinese stock markets two months earlier in June was still not contained. Investors began 

to worry more and started to wonder whether the crisis was actually reflecting worsening 

fundamentals of the Chinese economy (Chu, 2015). The increased media attention in the second 

trading week of August is a suitable moment for the start of the crisis period. It is however not fully 

clear how long the crisis period lasted. Heavy shocks can be seen in August 2015 and February 2016 

(Bloomberg, 2017). This period is considered to be the full length of the crisis period. In between 

these large shocks, there were small shocks throughout the total crisis period. In order to account for 

these differences, the total crisis period will be divided into three different crisis periods. The total 

crisis period is divided into three equally long periods of 10 weeks. Then, a short, middle and long 

crisis period are computed by adding these parts together. The short crisis period will consist of the 

first 10 weeks, the middle crisis of the first 20 weeks and the long crisis period will consist of all 30 

weeks. The short crisis period start on August 10 2015 and end on October 9 2015. August 10 is 

chosen as a starting date because it was in that week that the first large losses were observed in 

European financial markets after the Chinese stock market had crashed in June 2015. The middle crisis 

will start on August 10 2015 and end on December 11 2015. The long crisis period will consist of all 

the trading days in the total crisis period and will start on August 10 2015 and end on February 28 

2016. By separating the crisis periods into three different periods, one is able to see the contagion 

effects in the short run, in the middle run and in the long run. Since there are two tranquil periods and 

three crisis periods, there will be a total of six period combinations which will be analyzed in this 

thesis.  

 It is important to note that the selection of the tranquil periods and the crisis periods has a 

large effect on the results, because the results are obtained by comparing the correlation coefficients in 

tranquil times with the correlation coefficients in crisis times. The extent of this effect can be seen in 

the results section of this thesis where different tranquil periods and crisis periods are analyzed. Forbes 

and Rigobon (2002) acknowledge the large impact of the choice for tranquil period and crisis period 

on the results. The subjective division of the tranquil periods and the crisis periods is inherent to the 

methodology of comparing correlation coefficients. In this thesis this effect is being minimized as 
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much as possible by clearly motivating the choices for the tranquil periods and the crisis periods. 

Furthermore, multiple combinations of tranquil periods and crisis periods are used.  

 

3.4 Data 
The data used for the purpose of this thesis will consist of daily returns for the SSE 180 Index, DAX 

30 Index, CAC 40 Index, FTSE 100 Index, AEX 25 Index and the STOXX 50 index. These indices 

represent China, Germany, France, The U.K., The Netherlands and the Eurozone respectively. The 

daily returns for these markets for the period 12-07-2012 till 28-06-2016 are obtained from the 

Historical Data section of www.investing.com and are freely available. In order to avoid any spurious 

regression as a result of trending data, we follow the methodology of Forbes and Rigobon (2002) and 

use first differences of the data to calculate the correlation coefficients. The data are checked for any 

missing days for either the source country or the affected country. These days are removed from the 

data sample to improve the accuracy of the correlation coefficients. After going through all the data, 

the following summary statistics for the data are obtained: 
 

Table 1: Descriptive data of stock market indices for total period (tranquil and crisis) 

 Mean Max Min Cumulative return Number of observations 

China 6219 11741 4545 22% 867 

Europe 3015 3829 2152 31% 867 

Germany 9339 12375 6390 47% 867 

France 4268 5269 3075 37% 867 

U.K. 6463 7104 5498 7% 863 

The Netherlands 404 509 312 35% 867 

 
 

 

Table 2: Descriptive data of stock market indices for total tranquil period 

 Mean Max Min Cumulative return Number of observations 

China 5995 11741 4545 64% 730 

Europe 3021 3829 2152 68% 730 

Germany 9175 12375 6390 81% 730 

France 4206 5269 3075 67% 730 

U.K. 6520 7104 5498 22% 726 

The Netherlands 398 509 312 60% 730 
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Table 3: Descriptive data of stock market indices for total crisis period 

 Mean Max Min Cumulative return Number of observations 

China 7432 8862 6107 -25% 137 

Europe 3213 3675 2680 -19% 137 

Germany 10243 11605 8753 -14% 137 

France 4601 5195 3897 -16% 137 

U.K. 6156 6736 5537 -9% 137 

The Netherlands 439 500 383 -15% 137 

 

Some obvious, yet important observations are made when looking at the tables above. The cumulative 

return during the crisis period in Table is negative, while the cumulative returns in the two other 

periods are positive. This observation strengthens the choice made about the division of the tranquil 

period and the crisis period. Furthermore, the largest losses are being incurred in China, which also 

further confirms that China is the source country in this sample of countries. 
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4.Results 
This section will show the results of this thesis. The results will be presented for two different tranquil 

periods and three different crisis periods. This means that there are six total periods of interest. The 

first tranquil period is the ‘long’ tranquil period and lasts from 22-07-2012 until 08-08-2015. This 

tranquil period ends right before the crisis period starts. The second tranquil period is the ‘short’ 

tranquil period and lasts from 22-07-2012 until 31-10-2014. This period excludes the period of high 

variance leading up to the crisis period and enables a more accurate measure of the correlation 

coefficient in tranquil times. The total crisis period, which starts on 09-08-2015 and lasts until 28-02-

2016, is divided into three sub periods of respectively 10, 20 and 30 weeks. For each period of interest 

(six total), both the conditional and the unconditional correlation coefficient will be calculated. These 

correlation coefficients are then compared to the correlation coefficients in the tranquil period and 

tested to see if there is any evidence for contagion. Furthermore, in Appendix 1 the results are 

presented for weekly market returns instead of daily market returns to see if this makes any difference 

for the outcome. The results for the weekly returns show no significant differences from the results for 

the daily returns. This additional test strengthens the findings which will be presented in this section.  

 

4.1 Results for the ‘long’ tranquil period 
Table 1, Table 2 and Table 3 will show the results for the long tranquil period and the three separate 

crisis periods. Each table contains the correlation coefficient of the tranquil period, which is obviously 

the same for all crisis periods. Furthermore, the unconditional and conditional correlation for the crisis 

periods are also listed. The tables also contain the Fisher Z statistic for both the unconditional and the 

conditional correlation coefficient; C implies contagion, N implies the absence of contagion. 

 

Table 1: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for the short-term 
crisis period and the ‘long’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the short crisis period which lasts 
from 09-08-2015 till 11-10-2015 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient in the tranquil period. 
𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation coefficient. C 
indicates contagion while N indicates no contagion.  
Note2: *** Statistical significance at the 1% level. ** Statistical significance at the 5% level. Statistical significance at the 10% level. 
 
 

 Correlation Tranquil period 

 

Conditional Correlation Unconditional Correlation 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ Fisher Z Contagion 𝜌𝜌 Fisher Z Contagion 

Europe 0.040 0.263 1.412* C 0.158 0.735 N 

Germany 0.089 0.208 0.750 N 0.124 0.218 N 

France 0.034 0.299 1.690** C 0.181 0.917 N 

U.K. 0.066 0.293 1.452* C 0.177 0.694 N 

The Netherlands 0.102 0.255 0.975 N 0.153 0.375 N 
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Looking at Table 1, the first thing we notice is that the correlation coefficients in the crisis period are 

clearly higher than the correlation coefficient in the tranquil period, a possible indication for financial 

contagion. The average correlation coefficient in the tranquil period is 0.066, while the average 

conditional correlation coefficient is 0.264 and the average unconditional correlation coefficient is 

0.159. The difference between the average conditional correlation and the average unconditional 

correlation is due to the adjustment as proposed by Forbes and Rigobon (2002). This shows the 

significant impact of the difference between the conditional correlation coefficient and the 

unconditional correlation coefficient when measuring contagion. Looking more closely at the 

conditional correlation coefficients, we can see that the increase in the correlation coefficients is 

significant at the 5% level for France and significant at the 10% for the Eurozone and the U.K.. The 

unconditional correlation coefficient presents a totally different situation. When using this adjusted 

correlation coefficient, there is no evidence for contagion from China towards the other markets in the 

sample. Based on this test, it can be concluded that there has been no contagion from China towards 

the European markets in the sample in the period 09-08-2015 till 11-10-2015. 

Table 2: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for the middle-
term crisis period and the ‘long’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the middle crisis period which 
lasts from 09-08-2015 till 20-12-2015 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient between in the 
tranquil period. 𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation 
coefficient. C indicates contagion while N indicates no contagion.  
 

When looking at the middle-term crisis period in Table 2, one can see that the situation is roughly 

similar to the situation in the short crisis period in Table 1. As expected, the correlation coefficients in 

the crisis period are higher than the correlation coefficients in the tranquil period. The average 

unconditional correlation coefficient in this crisis period is 0.162 and almost equal to the average 

correlation coefficient in the short crisis period. Also the same contagion effects can be seen for the 

Eurozone, France and the U.K. when looking at the conditional correlation coefficient, although the 

effects are stronger in this crisis period. Furthermore, the unconditional correlation coefficient also 

shows a significant increase of the correlation coefficients for France at the 10% level. This is an 

 Correlation Tranquil period 

 

Conditional Correlation Unconditional Correlation 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ Fisher Z Contagion 𝜌𝜌 Fisher Z Contagion 

Europe 0.040 0.224 1.631* C 0.163 1.080 N 

Germany 0.089 0.167 0.689 N 0.124 0.307 N 

France 0.034 0.251 1.931** C 0.184 1.320* C 

U.K. 0.066 0.264 1.774** C 0.194 1.132 N 

The Netherlands 0.102 0.202 0.889 N 0.147 0.397 N 
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indication for possible contagion. As stated before, in this thesis a significance level of 5% or higher is 

required to reject the null hypothesis of no contagion and thus this result is considered too weak to be 

accepted as evidence. Based on this test, it can be concluded that there has been no contagion from 

China towards the European markets in the sample in the period 09-08-2015 till 20-12-2015. 

Table 3: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for the long-term 
crisis period and the ‘long’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the middle crisis period which 
lasts from 09-08-2015 till 28-02-2016 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient between in the 
tranquil period. 𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation 
coefficient. C indicates contagion while N indicates no contagion.  
 

Table 3 shows the results for the long crisis period which is the full crisis period. Again this table 

shows similar results to the results in Table 1 and Table 2: a higher correlation in crisis times and 

contagion effects for the Eurozone, France and the U.K. when looking at the conditional correlation 

coefficient. When considering the full crisis period, the indication for contagion towards France can no 

longer be observed and not a single market shows a significant increase in the unconditional 

correlation coefficient. Furthermore, the average unconditional correlation coefficient is 0.143 and 

somewhat lower compared to the average correlation coefficients in the short crisis period and the 

middle crisis period (this is also the case for the average conditional correlation coefficient). Based on 

these results, it can be concluded that there has been no contagion from China towards the European 

markets in the sample in the period 09-08-2015 till 28-02-2016. 

Overall, the results for the crisis periods when considering to the ‘long’ tranquil period show no strong 

evidence for contagion from China towards the European markets in the sample. The conditional 

correlation coefficient did show evidence for contagion towards the Europe region, France and the 

U.K. in all three crisis periods. The adjusted unconditional correlation coefficient only showed some 

weak signs of contagion towards France during the middle crisis period. However, this effect was not 

observed for France during the short and the long crisis period. Also, the observed contagion effects 

for France were only significant at the 10% level and thus according to the methodology of this thesis 

cannot be accepted as evidence for contagion. The main conclusion of the results for the ‘long’ 

 Correlation Tranquil period 

 

Conditional Correlation Unconditional Correlation 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ Fisher Z Contagion 𝜌𝜌 Fisher Z Contagion 

Europe 0.040 0.190 1.611* C 0.139 1.056 N 

Germany 0.089 0.191 1.101 N 0.139 0.536 N 

France 0.034 0.200 1.784** C 0.146 1.195 N 

U.K. 0.066 0.225 1.722** C 0.164 1.051 N 

The Netherlands 0.102 0.175 0.595 N 0.127 0.268 N 
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tranquil period is that there is no evidence of contagion from China towards the European markets in 

the sample during any of the crisis periods. 

 

4.2 Results for the ‘short’ tranquil period 
Table 4, Table 5 and Table 6 show the results for the same tests as before, but now for the ‘short’ 

tranquil period which lasts from 22-07-2012 till 11-06-2015. As mentioned before, this tranquil period 

was added to obtain a more accurate estimation of the correlation coefficient between the markets in 

tranquil times by removing period with excessive volatility. Furthermore, choosing a different tranquil 

period also enables one to observe the impact a differently defined tranquil period can have on the 

results. Again, the results are shown for the three crisis periods. 

 

Table 4: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for the short-term 
crisis period and the ‘short’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the middle crisis period which 
lasts from 09-08-2015 till 28-02-2016 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient between in the 
tranquil period. 𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation 
coefficient. C indicates contagion while N indicates no contagion.  

Note2: *** Statistical significance at the 1% level. ** Statistical significance at the 5% level. Statiscal significance at the 10% level. 
 

 

 

 

 

 

 

 

 Correlation 

Tranquil period 

 

Conditional Correlation Crisis 

period 

Unconditional Correlation crisis 

period 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ T-test Contagion 𝜌𝜌 T-test Contagion 

Europe 0.080 0.263 1.165 N 0.096 0.099 N 

Germany 0.069 0.208 0.874 N 0.142 0.455 N 

France 0.025 0.299 1.745** C 0.138 0.701 N 

U.K. 0.122 0.293 1.104 N 0.119 -0.019 N 

The 

Netherlands 

0.115 0.255 0.894 N 0.123 0.05 N 
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Table 5: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for the middle-
term crisis period and the ‘short’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the middle crisis period which 
lasts from 09-08-2015 till 28-02-2016 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient between in the 
tranquil period. 𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation 
coefficient. C indicates contagion while N indicates no contagion.  

 

Table 6: This table shows the correlation  coefficients between the Chinese market and all other markets in the sample for  
the long-term crisis period and the ‘short’ tranquil period. 

Note 1: This table shows the correlation  coefficients between the Chinese market and the other markets for the middle crisis period which 
lasts from 09-08-2015 till 28-02-2016 when using the long tranquil period. 𝜌𝜌-tranquil stands for the correlation coefficient between in the 
tranquil period. 𝜌𝜌* stands for the conditional (unadjusted) correlation coefficient. . 𝜌𝜌 stands for the unconditional (adjusted) correlation 
coefficient. C indicates contagion while N indicates no contagion.  
 
 

When looking through Table 4, Table 5 and Table 6, one can notice some differences compared to the 

‘long’ tranquil period. The results for the short crisis period in Table 4 only show significant increase 

in the correlation coefficients for France when looking at the conditional correlation coefficient. The 

increased correlation coefficients for the Eurozone and the U.K. which  were observed in Table 1 are 

no longer present when using the ‘short’ tranquil period. The results for the unconditional correlation 

 Correlation 

Tranquil period 

 

Conditional Correlation crisis 

period 

Unconditional Correlation crisis 

period 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ Fisher Z Contagion 𝜌𝜌 Fisher Z Contagion 

Europe 0.080 0.224 1.466* C 0.127 0.412 N 

Germany 0.069 0.167 0.863 N 0.094 0.218 N 

France 0.025 0.251 2.009*** C 0.144 1.042 N 

U.K. 0.122 0.264 1.283* C 0.151 0.257 N 

The 

Netherlands 

0.115 0.202 0.775 N 0.114 -0.009 N 

 Correlation Tranquil 

period 

 

Conditional Correlation Unconditional Correlation 

𝜌𝜌𝑡𝑡𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝜌𝜌∗ Fisher 

Z 

Contagion 𝜌𝜌 Fisher 

Z 

Contagion 

Europe 0.080 0.190 1.190 N 0.108 0.300 N 

Germany 0.069 0.191 1.318* C 0.109 0.428 N 

France 0.025 0.200 1.886** C 0.114 0.949 N 

U.K. 0.122 0.225 1.128 N 0.128 0.065 N 

The 

Netherlands 

0.115 0.175 0.650 N  0.099 -0.172 N 
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coefficient in Table 4 deliver the same outcomes as for the ‘long’ tranquil period; none of the 

European markets in the sample showed a significant increase in the post-crisis correlation coefficient. 

The results in Table 5 for the conditional correlation coefficient are similar to the results for 

the ‘long’ tranquil period in Table 2. The Eurozone, France and the U.K. show a significant increase in 

their conditional correlation. However, the results for the unconditional correlation coefficient in Table  

5 differ a little from the results for the ‘long’ tranquil period. The weak evidence for a significant 

increase in the conditional correlation coefficient for France can no longer be observed and thus none 

of the markets in the sample show any evidence for an increase in the post-crisis correlation 

coefficients. 

 The outcomes in Table 6 only differ to the outcomes in Table 3 for the conditional correlation 

coefficient. The significant increases in the correlation coefficients for the Eurozone and the U.K. can 

no longer be observed, but the results for France still show a significant increase in its post-crisis 

correlation coefficient. Furthermore, Germany also shows a significant increase in its post-crisis 

correlation coefficient, this was not the case when using the ‘long’ tranquil period. There are no 

changes for the outcomes of the unconditional correlation coefficient when compared to those in Table 

3. 

When looking more closely at the unconditional correlation coefficients in Table 4, Table 5 

and Table 6 one can notice that they are lower than the unconditional correlation coefficient for the 

‘long’ tranquil period during all crisis periods. This is due the way the unconditional correlation 

coefficient is calculated. The conditional correlation coefficient is corrected for the difference in 

variance between the crisis period and the tranquil period. This difference is larger for the ‘short’ 

tranquil period. This increased difference in variance leads to a larger correction for the conditional 

correlation coefficient and thus a smaller unconditional correlation coefficient. The average 

unconditional correlation coefficient for the ‘long’ tranquil period is 0.154 while this average is 0.121 

for the ‘short’ tranquil period. This is the reason why the ‘short’ tranquil period was included; to 

remove the excess volatility in the last couple of weeks of the ‘long’ tranquil period and thus give a 

more accurate description of the correlation coefficient in tranquil times. When looking at the 

unconditional correlation coefficients, not one of the European markets shows any signs of contagion 

from China during the entire crisis period. This is for the most part in line with the results for the 

‘long’ tranquil period where no evidence for contagion was found when analyzing the unconditional 

correlation coefficients. The significant increase in the unconditional correlation coefficient of France 

which was seen for the ‘long’ tranquil period is not present in the ‘short’ tranquil period. This further 

confirms the conclusions drawn in the analysis of the ‘long’ turmoil period that there is no evidence 

for contagion.  

Overall, the results show no strong evidence for contagion from China towards the European 

markets in the sample. The results reconfirm the previous conclusion drawn during the analysis of the 

‘long’ tranquil period that there is no evidence for contagion. To conclude: based on the results for the 



28 
 

unconditional correlation coefficients for the ‘short’ tranquil period during all the crisis periods, there 

is no evidence for contagion from China towards European markets in the period 02-08-2015 till 28-

02-2016.  

 

4.3 Discussion of results 
The results above show that there is no strong evidence for contagion from China towards Europe 

during the crisis period which lasted from 02-08-2015 till 28-02-2016. This crisis period was 

compared to two different tranquil periods: a ‘long’ tranquil period and a ‘short’ tranquil period. The 

short period excluded several months which had a relatively high volatility. The conditional 

correlation coefficients showed multiple cases of strong evidence for contagion from China towards 

Europe. However, these correlation coefficients are biased and have to be corrected according to the 

methodology of Forbes and Rigobon (2002). For the unconditional correlation coefficient, the analysis 

of the correlation coefficients for both tranquil periods showed no strong evidence for contagion. 

Throughout the entire analysis of the unconditional correlation coefficient, there is only one case of 

weak indication for contagion which was not strong enough to be considered evidence according to 

the methodology of this thesis.  Furthermore, the results in Appendix 1 which are based on weekly 

returns also do not show any strong evidence for contagion when considering the unconditional 

correlation coefficient. This further strengthens the findings of this thesis. The main conclusion of the 

results is that there is no evidence for contagion. The thesis shows that the fear in the European 

markets for possible contagion from China is not justified and that the risk of contagion is negligible. 

This also implies that policymakers are not required to take into account this potential risk when 

considering new policies. Instead, financial regulators might want to focus on assuring that the market 

has access to sufficient and reliable information regarding foreign financial markets such as the 

Chinese financial markets. More accessible and reliable  information will decrease the risk of 

information asymmetry between financial markets and thus reduce the risks of irrational investor 

behavior. 

 However, the weak indication for contagion which was seen for France could indicate that 

some sectors or very specific channels are sensitive for contagion from China. A limitation of the 

methodology which was used in this thesis is that it does not provide a way to differentiate between 

the different channels of contagion. Future research might focus on this topic and employ probit 

models to test for contagion in specific sectors, such as the machinery sector which accounts for a 

large share of the exports from the Eurozone to China (European Commission, 2017).  
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5. Conclusion 
This thesis did research about possible contagion from China towards European markets during the 

Chinese stock market crash of 2015-2016. The interest for this topic was awakened by the increased 

worrying in the European financial markets about possible contagion from China.  

 Cross-market correlation coefficient analysis was used to test for contagion from China 

towards European markets. The methodology used in this thesis followed for the most part the 

methodology as described by Forbes and Rigobon (2002) aside from a change in the division of the 

tranquil and crisis periods. Data was collected for China (the source country), Germany, France, The 

U.K., The Netherlands and the Eurozone. Correlation coefficients between these European markets 

and the Chinese market were calculated both during the tranquil periods and the crisis periods. Then, 

these correlation coefficients were compared to each other to see if there was a significant increase in 

the post-crisis correlation coefficient. A significant increase indicates contagion. The thesis examined 

two tranquil periods and three crisis periods. 

 The results show that there is no evidence for contagion from China towards European 

markets during the crisis periods. The results were very clear and only one weak case of possible 

contagion for France was observed during the middle crisis period and the long tranquil period. Based 

on these results, the conclusion of this thesis that there was no contagion from China towards Europe 

during any of the crisis periods which lasted from August 2 2015 till February 28 2016. Future 

research might focus on contagion effects for specific sectors or channels in the Eurozone by using a 

different method than cross-market correlation analysis.  
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Appendix 1 
 

Table 1: This table shows the results for all tranquil periods and all crisis periods for weekly market return data.  

Note1: *** Statistical significance at the 1% level. ** Statistical significance at the 5% level. Statiscal significance at the 
10% level. 
 

The above table shows the results for the same tests as in the Results section of this thesis when using 

weekly market returns data instead of daily market returns data. If contagion was measured, then the 

name of the country affected by contagion is noted along with the level of significance at which 

contagion was observed. When looking at the graph, the findings for the unconditional correlation 

coefficient do not change drastically from the findings for the unconditional correlation coefficient 

when using daily market returns. The only difference is that there is a weak indication for contagion 

from China towards Germany when looking at the middle crisis period and the long tranquil period. 

Furthermore, a weak indication for contagion towards France is also observed when looking at the 

middle crisis period and the short tranquil period.  
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