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ABSTRACT 

 

 

 

THE VOLATILITY SPILLOVER EFFECTS BETWEEN COVID-19 AND STOCK 

MARKETS: A RESEARCH OVER OECD COUNTRIES 

 

 

 

Özgöz, İdil 

 

 

 

Master’s Program in Business Administration 

 

Advisor: Assoc. Prof. Dr. Berna Aydoğan  

 

July, 2022 

 

The COVID-19 pandemic caused unprecedented impacts on stock markets. This thesis 

analyzes return and volatility spillover effects between seven OECD stock markets; 

namely Colombia, France, the U.S., Germany, Italy, Mexico, and the U.K. which are 

selected according to the highest number of daily deaths due to COVID-19 infection. 

Applying the Multivariate BEKK methodology, the empirical findings indicate that 

there is evidence of contagion effect among the selected OECD stock markets from 

January, 1 2019 to September, 30 2021 which proves the existence of volatility 

spillover effects between these markets. 

 

Keywords: COVID-19, OECD Stock Markets, Volatility Spillover
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ÖZET 

 

 

 

COVID-19 İLE HİSSE SENEDİ PİYASALARI ARASINDA VOLATİLİTENİN 

YAYILMA ETKİSİ: OECD ÜLKELERİ ÜZERİNE BİR ARAŞTIRMA 

 

 

 

Özgöz, İdil 

 

 

 

İşletme Yüksek Lisans Programı 

 

Tez Danışmanı: Doç. Dr. Berna Aydoğan  

 

Temmuz, 2022 

 

COVID-19 pandemisi hisse senedi piyasaları üzerinde benzeri görülmemiş etkilere 

neden olmuştur. Bu tez, yedi OECD ülkesinin hisse senedi piyasaları arasındaki getiri 

ve oynaklık yayılma etkilerini 1 Ocak 2019 - 30 Eylül 2021 tarihleri arasındaki günlük 

verileri kullanılarak analiz etmektedir. COVID-19 enfeksiyonu nedeniyle en fazla 

günlük ölüm sayısına göre Kolombiya, Fransa, Almanya, İtalya, İngiltere, Meksika ve 

ABD ülkeleri seçilmiştir. BEKK temsili ile VAR-GARCH modeli çerçevesinde, 

ampirik bulgularda, seçilen OECD ülkelerinin hisse senedi piyasalarının belirtilen 

dönem boyunca korelasyon katsayılarının ortalamalarında önemli bir artış gösterdiği 

gözlemlenmiş, bu sonuç da ülkelerin hisse senedi piyasalarındaki oynaklık yayılma 

etkilerinin varlığını kanıtlamaktadır. 

 

Anahtar Kelimeler: COVID-19, OECD Hisse Piyasaları, Oynaklık Yayılımı



 

v 

 

 

 

ACKNOWLEDGEMENTS 

 

 

 

This master thesis is written as the concluding part of my studies for the Master of 

Business Administration from the Izmir University of Economics. The process of 

writing this thesis demanded large amounts of time and effort into it but the learning 

process was incredibly exciting and rewarding. 

 

First and foremost, I would like to thank my supervisor, Berna Aydoğan, who has 

contributed with input, guidance, and feedback during the entire process. Lastly, I 

would like to thank family and friends for their continuing support.



 

vi 

TABLE OF CONTENTS 

ABSTRACT ............................................................................................................... iii 

ÖZET .......................................................................................................................... iv 

ACKNOWLEDGEMENTS ........................................................................................ v 

TABLE OF CONTENTS ............................................................................................ vi 

LIST OF TABLES .................................................................................................... viii 

LIST OF FIGURES ..................................................................................................... x 

LIST OF ABBREVIATIONS .................................................................................... xi 

CHAPTER 1: INTRODUCTION ................................................................................ 1  

CHAPTER 2:  LITERATURE REVIEW..................................................................... 5  

2.1 Volatility and Volatility Spillovers in Stock Markets..................................... 5          

2.2 Crises and Volatility Spillovers..................................................................... 8 

2.3 Pandemics and Volatility Spillovers............................................................ 10 

2.4 Crises, Stock Markets, and OECD Countries ............................................. 13 

CHAPTER 3: METHODOLOGY ............................................................................. 14 

3.1 Unit Root Tests ........................................................................................... 14         

3.2 ARCH LM Test ........................................................................................... 16         

3.3 GARCH Models .......................................................................................... 17 

3.4 Multivariate GARCH Models...................................................................... 17 

3.5 VAR Model .................................................................................................. 18  

3.6 BEKK GARCH Model ................................................................................. 19             

CHAPTER 4: DATA AND SUMMARY STATISTICS ........................................... 21 

4.1 Data description ........................................................................................ 21  

4.1.1 The Selected Stock Markets and Stock Market Indices’ Characteristics.22             

4.1.1.1 Colombia Stock Market-S&P Colombia Select Index .SPCOSL ...22                 

4.1.1.2 France Stock Market- CAC 40 Index.FCHI ................................... 23 

4.1.1.3 Germany Stock Market-Deutsche Boerse DAX Index .GDAXI ...... 24  

4.1.1.4 Italy Stock Market-FTSE MIB Index .FTMIB ................................ 25 

4.1.1.5 Mexico Stock Market-S&P/Bmv Ipc .MXX .................................... 26 

4.1.1.6 U.K. Stock Market-FTSE 100 Index .FTSE .................................... 27 

4.1.1.7 The U.S. Stock Market-NYSE Composite Index .NYA .................... 28 

4.2  Descriptive Statistics ................................................................................. 29 



 

vii 

 

CHAPTER 5: EMPIRICAL RESULTS ..................................................................... 35 

CHAPTER 6: CONCLUSION .................................................................................. 62 

REFERENCES .......................................................................................................... 63



 

viii 

LIST OF TABLES 

 

Table 1. Descriptions of sample countries and countries' stock indices ..................... 21 

Table 2. The Total Mortality Numbers in Selected OECD Countries ........................ 22 

Table 3. Descriptive Statistics .................................................................................... 30 

Table 4. Unit Root Test Results of 7 OECD Countries Stock Market Indices ........... 32 

Table 5. ARCH-LM Test Results of 7 OECD Stock Market Returns ........................ 34 

Table 6. The volatility spillover’s predicted results among Germany and selected 

OECD countries' stock indices based on the VAR-BEKK-GARCH model .............. 41 

Table 7. The predicted findings’ summary of the equations of mean and variance 

between Colombia, and the selected OECD countries' stock indices  

…………………………………………………………………………………...…. 43 

Table 8. The volatility spillover’s predicted results among Germany and selected 

OECD countries' stock indices based on the VAR-BEKK-GARCH model .............. 44 

Table 9. The predicted findings’ summary of the equations of mean and variance 

between Germany and the selected OECD countries' stock indices 

…………………………………………………………………………………….... 46 

Table 10. The volatility spillover’s predicted results among France and selected OECD 

countries' stock indices based on the VAR-BEKK-GARCH model .......................... 47 

Table 11. The predicted findings’ summary of the equations of mean and variance 

between France and the selected OECD countries' stock indices 

………………………………………………………………………………...……. 49 

Table 12. The volatility spillover’s predicted results among Italy and selected OECD 

countries' stock indices based on the VAR-BEKK-GARCH model .......................... 50 

Table 13. The predicted findings’ summary of the equations of mean and variance 

between Italy and the selected OECD countries' stock indices 

……………………………………………………………………………………… 52



 

ix 

Table 14. The volatility spillover’s predicted results among Mexico and selected 

OECD countries' stock indices based on the VAR-BEKK-GARCH model .............. 53 

Table 15. The predicted findings’ summary of the equations of mean and variance 

between Mexico and the selected OECD countries' stock indices 

…………………………………………………………………………………….... 55 

Table 16. The volatility spillover’s predicted results among the U.K. and selected 

OECD countries' stock indices based on the VAR-BEKK-GARCH model .............. 56 

Table 17. The predicted findings’ summary of the equations of mean and variance 

between the U.K. and the selected OECD countries' stock indices 

……………………………………………………………………………………… 58 

Table 18. The volatility spillover’s predicted results among the U.S. and selected 

OECD countries' stock indices based on the VAR-BEKK-GARCH model .............. 59 

Table 19. The predicted findings’ summary of the equations of mean and variance 

between the U.S. and the selected OECD countries' stock indices 

.................................................................................................................................... 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

x 

LIST OF FIGURES 

 

Figure 1. S&P Colombia Select Index (.SPCOSL) .................................................... 23 

Figure 2. CAC 40 Index (.FCHI) ................................................................................ 24 

Figure 3. Deutsche Boerse DAX Index (.GDAXI) ..................................................... 25   

Figure 4. FTSE MIB Index (.FTMIB) ........................................................................ 26 

Figure 5. S&P/Bmv Ipc (.MXX) ................................................................................ 27 

Figure 6. FTSE 100 Index (.FTSE) ............................................................................ 28 

Figure 7. NYSE Composite Index (.NYA) ................................................................. 29



 

xi 

LIST OF ABBREVIATIONS 

 

ADF: Augmented Dickey-Fuller test 

ARCH: Autoregressive Conditional Heteroscedastic  

BEKK: Baba, Engle, Kraft, Kroner  

BMV: Bolsa Mexicana de Valores 

BRICS: Brazil, Russia, India, China, and South Africa  

CCC: Constant Conditional Correlation  

COVID-19: Coronavirus disease 

DCC: Dynamic Conditional Correlation 

FSE: The Frankfurt Stock Exchange  

GARCH: Generalized AutoRegressive Conditional Heteroskedasticity  

GLS: Generalized Least Squares 

GIPSI: Greece, Ireland, Portugal, Spain, and Italy  

JB: Jarque-Bera  

MENA: The Middle East and North Africa  

MGARCH: Multivariate Generalized Autoregressive Conditional Heteroskedasticity  

NYSE: New York Stock Exchange  

OECD: Organization for Economic Co-operation and Development  

PP: hillips–Perron test  

SETS: Stock Exchange Electronic Trading Service  

The U.K.: United Kingdom 

The U.S.: United States  

VCC: Varying Conditional Correlation  

VAR: Vector Autoregressive 



 
 

1 
 

CHAPTER 1: INTRODUCTION 

 

After the developments in globalization, liberalization, and new technological 

advances, the integration of world financial markets has amplified. In the financial 

markets, financial instruments are exchanged and traded. The financial markets have 

three important functions, which can be counted market liquidity, information, and 

risk-sharing. In today’s world, businesses and governments require capital that should 

be huge to continue their operations with financing. Therefore, financial markets have 

an important role in the countries’ economies. The dynamic relationship between the 

countries’ financial markets has drawn considerable research attention from 

academics, investors, and policymakers.   

 

The global crises have significantly affected financial markets in history. The great 

depression, the energy crisis, Asian Crisis, the 2007-2009 financial crisis, European 

sovereign debt crises, previous pandemics, SARS, and Ebola can be counted if we 

consider the size and spread of those events. Stock markets are generally regarded as 

a significant indicator of a country’s financial market. Starting from the beginning of 

2020, several shocks have been noted in financial markets because of the Coronavirus 

disease (COVID-19). Financial markets face a high level of uncertainty due to this 

pandemic effect.  

 

Prior studies handled many events that had huge effects on stock market returns, for 

example, financial crises (Hesse and Frank, 2009; Neaime, 2012), political events 

(Bash and Alsaifi, 2019; Shanaev and Ghimire, 2019), disasters (Kowalewski and 

Śpiewanowski, 2020), pandemics (Nippani and Washer, 2004; Ichev and Marinč; 

2018). Many studies also stood on that stock markets are volatile and interconnected 

during times of uncertainty such as the Mexican peso crisis (Calvo and Reinhart, 

1996), the Brazilian crisis in 1998 (Goldfajn and Baig, 2000), Asian currency crisis 

between 1997 and 1998 (Caporale et al., 2005), the Russian debt crisis in 1998 

(Kenourgios et al., 2011). Compared to other natural disasters (e.g. hurricanes, floods, 

storms, and droughts), earthquakes start rapidly and it becomes a surprise to stock 
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markets since their timing is uncertain. As an example, Cavallo et al. (2010) handled 

the earthquake that affected Haiti in 2010. Ferreira and Karali (2015) also examined 

the effects of large earthquakes on returns and stock market indices’ over the previous 

twenty years in 35 global markets. The financial crises are examples of the major 

events which cause mobility in the sock markets. Starting from the Great Depression, 

there were many financial crises around the world history and some of them caused 

regional and some of them caused global effects. Aggarwal et al. (1999), for example, 

handled the 1994 Mexico Peso Crisis, then Forbes (2000) examined the impact of the 

Asian and Russian crises on stock returns around the world. Bekiros et al. (2017) 

examined the occurrence of several unexpected occurrences, such as the subprime 

crisis in 2007, the global financial crisis, the fall of the internet bubble, and previous 

European crises. The pandemics also affect the stock markets. The time of pandemics 

has also been valuable for observing volatility and volatility spillover across the 

countries’ stock markets. Nippani and Washer (2004) and Chen et al. (2007) aimed to 

indicate the effects of the SARS epidemic. Ebola disease held in 2014 was also 

approached by many studies (Topliceanu and Sorcaru, 2019; Baker et al., 2019)  as 

well in the past. 

 

The importance of the volatility and volatility spillover as an input for making 

decisions and understanding the interconnectedness became vulnerable with the 

increasing trade relationships (Dornbusch and Claessens, 2000). It brings both 

negative effects and positive effects. As an example of the negative effects, due to easy 

transmission of the effects during big events like shocks, attacks, and crises, it has been 

observed that it causes small or large-scale tremors in other regions and countries. 

(Abou-Zaid, 2011; Forbes and Rigobon, 2000). For instance, the events caused by the 

terrorist attack on September 11, 2001, and the financial reporting scandals in the U.S. 

in many regions adversely affected the world economy. This example explains the 

connectedness between uncertainty in financial markets and public confidence. 

Therefore, policymakers frequently trust the market prediction of volatility as a 

parameter.  
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The financial markets generally tend to become more interconnected when the level 

of volatility is high during crisis periods (Lai and Hu, 2021) and it is also holding the 

interest of investors, academics, and policymakers. For an effective portfolio decision, 

it is important to monitor the movements and interconnectedness of the global stock 

markets. Engle (2002) studied the necessity of a time-varying and dynamic aspect of 

correlation. This has also helped to quantify the contagion effect between cross-

country markets. 

 

The COVID-19 pandemic started in Wuhan, China, and as it quickly spread to other 

countries, it grew into a major pandemic that caused enormous losses in international 

markets. The outbreak started on December 31, 2019, when the Chinese government 

alerted the World Health Organization (WHO) to the presence of many individuals in 

Wuhan, Hubei province, who had symptoms resembling the flu. The first death due to 

novel coronavirus was reported on January 11 2020 in Wuhan, China. Through the 

period between February and March 2020, its shock started to resonate all around the 

world. The increasing number of infections caused some governments to take 

significant countermeasures, while some other governments applied more relaxed 

policies without quarantine. COVID-19 hit the world’s economic mood since the 

world was unprepared for such a large spread pandemic and it brought uncertainty to 

global stock markets. This outbreak was declared a global pandemic on March 11 2020 

by the WHO. Towards the last days of April 2020, approximately fifty percent of the 

nations went to quarantine restrictions. (De Vito and Gomez, 2020) mentioned that, as 

a consequence of quarantine times, financial activities were limited, particularly in the 

airline sector, tourism sector, and many other service sectors.  

 

Most of the empirical studies reveal that a large body of work (Aggarwal et al., 1999; 

Abou-Zaid, 2011; Ahmad et al., 2013; Gjika and Horváth, 2013; Li, and Giles, 2015; 

Rai and Garg, 2021) has been done to analyze the interdependence between stock 

markets. The objective of this thesis is to investigate the interdependence of the major 

OECD stock markets, specifically those of Colombia, France, Germany, Italy, Mexico, 

the U.K., and the U.S. according to the highest-ranking COVID-19 mortality rates. 
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There is a three-fold contribution of this thesis to prior studies and the literature. To 

begin with, to the best of the author's knowledge, this study is a ground-breaking 

investigation of spillover effects among the stock markets of the chosen seven OECD 

countries. The data period is between January 1, 2019, and September 30, 2021 and 

therefore, this thesis brings fresh insights and knowledge to the current literature. The 

main stock market indices of Colombia, France, Germany, Italy, Mexico the U.K., and, 

the U.S., are considered the highest-ranking of daily COVID-19 mortality rates. 

Secondly, by using the VAR-BEKK GARCH model, it analyzes the effects of return 

and volatility spillover. From the methodological perspective, prior studies generally 

use several existing models, namely, simple OLS, and GARCH models, for example, 

Kumar and Anandarao (2019) and Guler (2020). The investors need to understand the 

volatility transmission linkage over these selected markets and volatility transmission 

to make well-diversified portfolio allocation decisions and create risk management 

strategies. Lastly, utilizing a comprehensive and up-to-date dataset identify knowledge 

of the information transmission mechanism among the stock markets of OECD 

countries, and stipulates valuable information for all market participants. 

 

This thesis involves six sections. The introduction includes the scope and aim of this 

research. The second section explains the literature review. The third section outlines 

the statistical tests, followed by the econometric methodology. Section fourth 

represents summary statistics along with the data. In section fifth, the empirical results 

are given and finally, conclusions are included in section sixth. 
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 CHAPTER 2: LITERATURE REVIEW 

 

Financial crises affect countries due to domestic and foreign economic reasons and 

shake the basic economic structure of the countries. In the most recent history, the 

global crisis experienced in 2008 affected nearly all over the world; Asia and Europe, 

especially the U.S.. The stock markets of these countries have been affected by this 

shock that originated in the U.S. In the literature, many studies examined the linkages 

between crises and stock markets and highlighted the volatility in stock markets and 

volatility spillover between stock markets during the crises. Global pandemics like 

SARS and Ebola have been also interesting subjects like the economic crises. COVID-

19 which originated in Wuhan, China is one of these pandemics which turned into an 

economic crisis, and many studies evidenced the volatility spillover between stock 

markets observed during the COVID-19 outbreak and it has significant effect. 

 

2.1. Volatility and Volatility Spillovers in Stock Markets  

 

Increasing trade relationships, regional reasons, and macroeconomic similarities 

become undefended to countries to the volatility (Dornbusch and Claessens, 2000). In 

the literature, tock markets and volatility in stock markets were examined widely.  

Hong et al. (2019) handled the stock markets and volatility spillover effects previously. 

Mensi et al. (2018) and Guo and Tanaka (2020) also examined the volatility spillover 

effects over the stock markets. 

 

Volatility is also important for investors, policymakers, and portfolio managers. 

Hameed and Ashraf (2006) mentioned the importance of volatility as important for 

taking decisions about diversification in hedging plans, portfolio management, and 

understanding linkages. This interconnectedness brings out easily transmission of the 

effects of big events like shocks, and crises across countries because of their 

relationships (Abou-Zaid, 2011). 

 



 
 

6 
 

There are many challenges for the individual and institutional investors, portfolio 

managers, and policy makers while understanding the volatility transmission between 

the stock markets. This transmission is called volatility spillover and it can be 

explained as the spread of market discomforts from one region or country to another. 

This event can be observed through movements in exchange rates, capital flows, or 

stock prices (Dornbusch and Claessens, 2000). The volatility spillover can be 

associated with the term contagion. The description of contagion as a term is alterable 

in the literature. Forbes and Rigobon (2000) assumed that contagion occurs when a 

cross-market co-movement rises significantly after a sudden shock.  According to 

Ivanov et al. (2016), the economic prospect is when the two economies are well 

integrated through trade, investment, and financial relations. 

 

Volatility in stock markets has been examined and found wide coverage in the 

literature. Some of the studies have investigated volatility spillover by comparing 

countries as some classifications (according to their growth levels, regions, etc.). For 

instance, Wei et al. (1995) examined the emerging, and developed markets and 

volatility transmission between their stock markets. According to Lhost's (2004) study 

among emerging and developed markets, stock markets with more asymmetric 

information, such as emerging economies, will be more susceptible to contagion than 

developed markets. Bartram et al. (2007) and Savva et al. (2009) concentrated on the 

global volatility spillovers in developed markets, like Japan, the U.S., and European 

markets. Especially, the U.S. stock market has been investigated in many studies. 

Abou-Zaid (2011) aimed to analyze the global stock market indices’ volatility 

transmission movements from the U.S. and the U.K. to Isreal, Turkey, and Egypt using 

the technique of multivariate GARCH in Mean. The volatility of the three markets; the 

U.S., the U.K., and one of the emerging markets has been modeled synchronous. 

Moreover, Li and Giles (2015) the connections between the U.S., Japan, Malaysia, 

China, Indonesia, Thailand, India, and the Philippines by using an asymmetric 

multivariate GARCH model.  
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Chaudhary et al. (2020) also analyzed the international stock markets and volatility 

subject. The impact of COVID-19 on the stock return and volatility of the stock market 

indices were examined. In this research, the top 10 countries were selected based on 

GDP, and the econometric model - Generalized Autoregressive Conditional 

Heteroscedasticity (GARCH) was applied. The GARCH system becomes a frequently 

used method while modeling volatility for the financial time series, therefore, Bai et 

al. (2021) also used the GARCH model but with using MIDAS framework to show the 

impact of COVID-19 volatility in stock markets.  

 

The time-varying nature of volatility spillovers has been highlighted in the literature. 

For example, Baele (2005) focused on the time-varying volatility spillovers to 13 

regional European stock markets from the European and American stock markets. 

Between January 1980 and August 2001, he investigated whether growing economic, 

monetary, and financial integration efforts in Europe altered the severity of shock 

spillovers from the U.S. and the entire European market to 13 European stock markets. 

Li (2021) investigated the time-varying volatility spillovers among the ten countries. 

In these studies, it is found that developed markets are the main risk transmitters, and 

emerging markets are the main risk receivers. Christos et al. (2021) also demonstrated 

that shock spillover is subsample dependent and constant over time through a time-

varying spillover shock analysis. The result of this paper showed both shocks of the 

global financial crisis and COVID-19 had significant effects on the connectedness of 

stock markets.  

 

Many studies employed the GARCH models for showing volatility spillover. Ahmad 

et al. (2013) applied the MDCC-GARCH model and showed the effects of the 

volatility spillover over the GIPSI countries, the U.S., the U.K., and Japan stock 

markets on the BRICKS stock markets. Gjika and Horváth (2013) adopted the 

asymmetric DCC-GARCH models to the stock markets in Central Europe and found 

proof of significant correlations between these stock markets in the euro area countries. 

MGARCH model was also used to show the impact of the U.S. financial crisis on five 

Asian countries’ stock markets (Kim et al., 2015). Yavas and Dedi (2016) studied the 
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linkages between stock returns and transmission of volatilities in Austria, Germany, 

Poland, Russia, and Turkey using Multivariate Autoregressive Moving Averages and 

the GARCH methodologies. The conclusions involve the presence of meaningful co-

movement of returns among the sampled countries. Additionally, Turkish and Russian 

stock markets were more volatile than Germany, Poland, and Austria. 

 

2.2. Crises and Volatility Spillovers 

 

Crises and unexpected/sudden events are always a valuable subject for studies and 

observing volatility spillover.  Talib (2001) highlighted the theory of the Black Swan 

that is associated with crises-unexpected events which happened suddenly and may 

impact the global stock markets, trade activities, and service sectors. The black swans 

are also described as unpredictable events and these events are characterized by their 

extreme rarity, severe impact, and widespread insistence and so they can cause 

catastrophic damage to economies like crises. Briefly, the Black Swan Theory refers 

that these events are generally uncertain and unpredictable. The effects of these events 

on the markets and economy of countries are at an overwhelming level. Since these 

events are difficult to predict, Diebold and Yılmaz (2012) pointed out that the 

spillovers between stock markets are measured earlier is important for the crises.  

 

There are many samples in the literature about the studies that have examined volatility 

spillovers and crises. When looking at the past crises, the Great Depression was the 

largest crisis spread worldwide in the earliest times. Later, in 1987, there was a U.S. 

stock crash in the stock markets of many countries. Koutmos and Booth (1995) also 

analyzed the volatility spillovers across the New York, Tokyo, and London stock 

markets before and after October 1987 crash with the linkages and interactions 

between those markets, and according to the results, the interactions increased in the 

post-crash era.  

 

In the history of the crises, the 1994 Mexican Peso Crisis was one of the major financial 

crises due to a sudden devaluation of the Mexican peso, and it caused a sharp decrease 
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in other currencies of Latin America as well. For example, the shifts in the volatility 

of stock markets returns between 1985, and 1995 which includes the Mexican Peso 

crisis using the GARCH framework were studied in the existing literature (Aggarwal 

et al., 1999). Neaime (2012) also studied the Mexican market fall and its effects on 

other Latin American markets.  

 

The Asian financial crisis, also named the "Asian Contagion," was another crisis that 

started in 1997 and expanded through many Asian markets. Forbes (2000) examined 

the impact of the Asian crisis and Russian crisis on stock returns around the world. It 

was concluded that the trade linkages were significant predictors of firms' stock returns 

during these crises. Dungey and Martin (2007) also analyzed the volatility 

transmission between markets during the Asian crisis by studying spillovers and 

contagion effects between various currency and stock markets. Kenourgios et al. 

(2011) investigated the contagion on 2 developed and 4 emerging stock markets during 

the Asian and Russian crises, the Technology Bubble Collapse, the Brazilain crisis, 

and the subprime crisis. The results of the study ensured that there is a contagion effect 

during the Asian, Russian, and subprime crises. 

 

In the most recent past, the financial crisis (2007-2009) began with cheap cheaper 

credits and low-interest rates and it created a housing bubble. It was an epic economic 

collapse that caused many banks to fail and cost ordinary people as well. Hesse and 

Frank (2009) examined potential financial linkages between the advanced countries’ 

and emerging market stock markets during the global financial crisis. A multivariate 

GARCH model was applied to evaluate the extent of the movements of these variables 

between the stock markets. The results indicated that the concept of possible 

divergence in financial markets was misplaced.  On the other hand, Ali and Afzal 

(2010) studied the India and Pakistan stock markets to show the impact of the global 

financial crisis by employing the E-GARCH model from 1st January 2003 to 31st 

August 2010. According to the results, both stock markets have asymmetry 

information. For example, the bad news had a higher impact than good news on the 

stock returns. Aloui et al. (2011) focused on Global Financial Crisis by handling 
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Brazil, Russia, India, and China countries stock markets, and resulted in proof of 

interconnection among these countries’ stock markets. MGARCH model was applied 

in the study while reach the results. Kazi et al. (2011) also applied the dynamic 

conditional correlation GARCH model on daily stock price data between 2002 and 

2009 which covered the Global Financial Crisis period and investigated the contagion 

effect between the stock markets of the U.S. and sixteen OECD countries. Regarding 

empirical results, there was an upward trend in dynamic conditional correlations in all 

sample markets from October 2007 and beyond. This evidence was reinforced by the 

fact that in most cases, during the Global Financial Crisis, cross-market correlation 

coefficients exceeded 50%. Neaime (2012) also pointed out that, in contrast to the 

Asian financial crisis, the global financial crisis was the most severe and largest 

financial crisis since Great Depression (1927). They focused on the linkages between 

the MENA stock markets and the developed stock markets globally and regionally. 

Slimane et al. (2013) found that interrelationships among European markets increased 

substantially during the period of the global financial crisis. Bekiros et al. (2017) also 

analyzed the cause of portfolio investment diversification in recent past years due to 

the emergence of many sudden and unexpected events. The European sovereign debt 

crisis was a period of financial collapse which was experienced by European countries. 

It started in 2008 but the crisis peaked between 2010 and 2012. Mac Donald et al. 

(2018) and McIver and Kang (2020) studied the European crisis and volatility 

transmission between the stock markets. They have analyzed the co-movements and 

impacts of spillovers. When comparing all major crises, it is concluded that the studies 

reached out stronger volatility effects during those crisis periods. 

 

2.3. Pandemics and Volatility Spillovers 

 

The unexpected/sudden events are also including pandemics that affect the stock 

markets. The time of pandemics has also been valuable for observing volatility 

spillovers across the countries’ stock markets. 
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SARS which stands for Severe acute respiratory syndrome was a disease firstly seen 

at the end of February 2003 in China and expanded to 4 other countries. Nippani and 

Washer (2004) and Chen et al. (2007) aimed to show the effects of the SARS epidemic.  

 

Referring to Black Swan Theory again, in terms of investors' decisions, the epidemics 

are also rare and sudden events and they could create panic actions by international 

investors (Burch et al. 2016). Ebola (2013) was another disease and it turned into a 

public health crisis in Guinea and then spread to other countries which are Liberia, 

Guinea, and Sierra Leone. The Ebola epidemic caused 11,000 deaths, slow down the 

influenced countries’ economic growth, and affected businesses. Furthermore, the 

Ebola outbreak created equity capital problems in Africa since the investors were 

affected (Del Giudice and Paltrinieri, 2017) and the U.S. stock markets as well (Ichev 

and Marinc, 2018). These epidemics (SARS and Ebola diseases), and volatility 

spillover have been examined by many other studies as well (Topliceanu and Sorcaru, 

2019; Baker et al. 2019). 

 

In this century, the world faced the largest pandemic, named Covid-19 which 

originated in Wuhan in China. Due to this pandemic’s extreme diffusion speed, and 

global effects on both health and economic consequences this topic is very interesting 

and worth of study in several areas.  

 

Some studies (Pavlyshenko, 2020; He et al., 2020; Topcu and Gulal, 2020; 

Kasumahadi et al., 2021; Umar et al., 2021; Ashraf, 2020) examine the effect of the 

COVID-19 pandemic on the stock markets. Alfaro et al. (2020) also studied the stock 

markets and the impact of the COVID-19 pandemic and concluded that there is a 

negative response from the stock markets when the confirmed COVID-19 cases 

increased. In addition to the study of Alfaro et al. (2020) and Zhang et al. (2020) used 

data from the 12 most-affected countries during the COVID-19 and investigated 

linkages between countries’ stock markets in pre-crisis and post-crisis periods. The 

findings indicated that this period exacerbated the dangers in the world's financial 
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markets and they concluded that the uncertainty brought by the pandemic and the 

associated economic losses caused markets to become volatile and unpredictable.  

 

Spillovers also are pointed out in the literature since the markets’ interconnectedness 

is increasing extremely because of many elements and reasons. These factors can be 

counted as developments in technologies, a more global world, and the rising demand 

trend of consumers. Guo et al. (2021) examined, that during the period of COVID-19 

the global market connections are getting closer. In the study, 40 countries/regions 

have been chosen and took one index from each of them, and then measured the 

correlation coefficients and distances between each pair of the indices were. In contrast 

to Guo et al. (2021), Hanif et al. (2021) studied the effects of the COVID-19 outbreak 

on the spillovers between 10 U.S. and Chinese stock markets, and the results indicated 

that spillover directions are coming from Chinese stock markets to the U.S. stock 

markets during the time of COVID-19. Like Hanif et al. (2021) and Nguyen (2021) 

mainly investigated the comparison of China and the U.S. stock markets with the 

global stock market during the COVID-19 pandemic.  

 

Zhang et al. (2021) found that the effect of returns volatility coming from the most 

advanced countries to China was not significant stock market using the TGARCH 

model. On the contrary, China had an impact on the volatility of the Netherlands, 

Sweden, Switzerland, and the U.K. stock markets. 

 

Li (2021) investigated the asymmetry and volatility spillovers between the stock 

markets of Brazil, Canada, China, France, Germany, India, Italy, Japan, and the U.K. 

stock markets using the Diebold-Yilmaz spillover index. It was found that while the 

risk transmitters were developed markets, the receivers were the emerging markets. 

Aslam et al. (2021) also used to Diebold-Yilmaz spillover index methodology to 

predict the spillovers among twelve European stock markets data between 2 December 

2019 and 29 May 2020. According to the results of the study, the Swedish and Dutch 

stock markets convey the highest intraday gross directional volatility spreads. Other 
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exchanges transfer the maximum spread to the Belgian and German stock markets, 

with minimal spread to Poland.  

 

Unlike other studies, Rai and Garg (2021) investigated the stock markets and exchange 

rate relationship in BRICS countries by focusing on the COVID-19 period. The results 

indicated that there is a dynamic correlation between the exchange rates and stock 

returns, except for Brazil and Russia.  

 

2.4. Crises, Stock Markets, and OECD Countries 

 

Studies on stock markets and crises have also intensified for OECD countries. Kazi et 

al. (2011) aimed to investigate the impact of contagion on the U.S. and OECD 

countries during the Global Financial Crisis. Since October 2007, they observed that 

there was an upward trend in the dynamic conditional correlations. Min and Hwang 

(2012) examined the period in three phases which are pre-crisis, first and second 

phases of the global financial crisis, and applied the DCC model to the U.S. and OECD 

countries.  

 

Yang and Deng (2021) also examined the moderating role of government interventions 

but they have also explored the influence of COVID-19 on stock market returns in 

OECD countries. The study found that the emergence of COVID-19 harmed the stock 

market returns of the selected OECD countries and in addition to this finding, any 

increase in the number of total confirmed cases of COVID-19 had a significant; but, 

negatively directed effect on stock market returns. On the other hand, the restrictions 

which were announced by the government like testing, and social distancing, 

positively affected the stock returns. 

 

This large volume of literature supports and indicates the conclusion that stock market 

volatilities and interrelationships depend significantly on unpredictable, rare, and 

widespread events like financial and health crises. 
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CHAPTER 3: METHODOLOGY 

This thesis estimates the dynamic conditional correlations by employing the GARCH 

model. At first, the unit root tests have been applied to verify whether the series are 

stationary, and then the ARCH-LM test is implemented to control the presence of the 

ARCH effect.  

3.1 Unit Root Tests 

The unit root tests are widely used in finance literature for the stationarity of time series 

data. Two of the unit root tests can be given as an example. These are the Phillips-

Perron (PP) (Phillips and Perron, 1988) and the Augmented Dickey-Fuller (ADF) 

(Dickey and Fuller, 1981) tests for which the null hypothesis is on series have a unit 

root, hence is not stationary.  

Under the null hypothesis of a unit root, it derives asymptotic findings and the statistics 

do not follow the conventional Student’s t-distribution (Dickey and Fuller, 1979). In 

the ADF test formula, where alpha is a constant and beta is the coefficient on a time 

trend, and p is the lag order of the autoregressive process: 

 

∆𝑦𝑡 = 𝛼 + 𝛽𝑡 + 𝛾𝑦𝑡−1 + 𝜑1∆𝑦𝑡−1 + ⋯ + 𝜑𝑝−1∆𝑦𝑡−𝑝+1 + 𝜀𝑡                                 (1) 

 

Phillips and Perron (1988) also developed several unit root tests for the analysis of 

financial time series. The test regression for the Phillips-Perron tests is: 

 

∆𝑦𝑡 = 𝛽𝑡𝐷𝑡 + 𝜋𝑦𝑡−1 + 𝑢𝑡                                                                                           (2) 

 

where ut is I(0) and maybe heteroskedastic. 

 

Dickey and Fuller (1979) found the Dickey-Fuller test to decide the existence of a unit 

root. The formula of this test is as follows: 
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𝑦𝑖 − 𝑦𝑖−1 = 𝜑𝑦𝑖−1 + 𝜀𝑖 − 𝑦𝑖−1                                                                                    (3) 

 

When the delta operator is used, it is defined by ∆𝑦𝑖 =  𝑦𝑖 − 𝑦𝑖−1  and set 𝛽 = 𝜑 − 1, 

this then takes on the form of a linear regression equation: 

 

∆𝑦𝑖 = 𝛽𝑦𝑖−1 + 𝜀𝑖                                                                                                        (4) 

 

where β ≤ 0 and hence φ test is converted to a test with the parameter of slope β = 0. 

Thus, there is a one-tailed test (because β cannot be positive) in which: 

 

H0: 𝛽 = 0 (equivalent to 𝜑 = 1) 

H1: 𝛽 < 0 (equivalent to 𝜑 < 1) 

 

According to the alternative hypothesis, if b is OLS, namely, ordinary least square, 

estimation of β, and hence φ-bar = 1 + b is the OLS estimation of φ, therefore it is 

sufficient: 

 

√𝑛 (∅ − ∅~)~𝑁(, 𝑠. 𝑒. )                                                                                                    (5) 

 

where; 

𝑠. 𝑒 = √1 − ∅2                                                                                                             (6) 

 

There is a noteworthy result if the calculated t-statistics value is smaller than the crucial 

value in the critical values table; otherwise, the null hypothesis is accepted, indicating 

that the series is stationary and there is a unit root. 

 

The test proceeds as follows (Stock, 1994) : 

 

Let 𝑧𝑡 = (1, 𝑡). For the time series 𝑧𝑡, regress[𝑦1,, (1 − 𝛼𝐿)𝑦2, … , (1 − 𝛼𝐿)𝑦𝑇] on 

[𝑧1,, (1 − 𝛼𝐿)𝑧2, … , (1 − 𝛼𝐿)𝑧𝑇]  yielding 𝛽𝐺𝐿𝑆
~  where 𝛼 = 1 + 𝑐−/𝑇, 𝑢0 = 0, and   
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𝑐− = −13.5 for the detrended statistic. Detrended  ˜𝑦𝑡  =  𝑦𝑡 –  𝑧𝑡
′ 𝛽𝐺𝐿𝑆

~  is then 

employed in the (augmented) Dickey-Fuller regression, with no intercept nor time 

trend. The t−statistic on ˜𝑦𝑡−1 is the DF-GLS statistic. For the demeaned case, the t is 

omitted from zt , and ¯c = -7.0. 

 

The descriptive statistics have been also implemented after taking returns of the daily 

stock prices. The frequently used descriptive statistics are, namely, the mean, median, 

maximum and minimum, standard deviation, skewness, kurtosis, Jarque-Bera (JB), 

probability, sum, and sum square deviation have been used in this thesis under the 

descriptive statistics. 

 

Due to the benefit of making a profit, the stock price must be analyzed firstly by 

looking at the return of the stock price for making buy and/or selling decisions. Due to 

this risk in the game, the decisions and analyses that are taken must be appropriate to 

avoid losses. These analyses are named time series analysis and an investor does not 

only invest in one financial instrument or the same financial instrument therefore that 

there are more than one return data that requires to be analyzed. Therefore, the 

multivariate time series are more suitable than the univariate time series when making 

these analyzes. Tiao and Box (1981) found this analysis which applies to several time 

series at the same time. 

3.2 ARCH LM test 

Engle’s (1982) ARCH-LM test is used to detect autoregressive conditional 

heteroscedasticity. The equation of the ARCH-LM test is as follows; 

 𝑟𝑡
2 = 𝑎0 + 𝑎0 𝑟𝑡−1

2 + ⋯ + 𝑎0 𝑟𝑡−1
2 + 𝜀𝑡                                                                            (7)                                                        

𝐻0 ∶  𝑎1 = 0, 𝑓𝑜𝑟 𝑖 = 1,2, … , 𝑝 

𝐻1 ∶  𝑎1 ≠ 0, 𝑓𝑜𝑟 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑖 
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3.3 GARCH Models 

 

The models of Autoregressive Conditional Heteroskedasticity (ARCH) can be 

mentioned as the most popular way to measure volatility. (Teräsvirta, 2009) The 

ARCH model is based on the basic prediction variance. It can change over time and is 

estimated with previous estimation errors (Engle, 1982). 

 

The Generalized Autoregressive Conditional Heteroskedasticity (GARCH) model is 

an extension model of the ARCH model that was improved by Bollerslev (1986). This 

model is generally used for modeling the volatility of the time series. An alternative 

and more flexible lag structure are usually assured by the generalized ARCH, or 

GARCH(p,q) model propounded independently by Bollerslev (1986) and Taylor 

(1986): 

 

𝜀𝑡  | ψt-1 ~N ( 0, ht ),                                                                                                     (8)                                                                                                              

ℎ𝑡 = 𝛼𝜎 + ∑ 𝛼𝑖
𝑞
𝑖−1 𝜀𝑡−𝑖

2 + ∑ 𝛽𝑗
𝑝
𝑗=1 ℎ𝑡−𝑗                                                                     (9) 

 

where ψ t−1 is the set of information available at time t-1.  

 

The technique allows for both autoregressive (AR) and moving average (MA) 

components in heteroscedastic variance. This is the generalized Autoregressive 

Conditional Variable Variance, GARCH (p, q), model. (Aliyev et al., 2020) 

 

GARCH models can be categorized as univariate and multivariate models. This 

categorization is according to the number of variables. 

 

3.4 Multivariate GARCH Models 

 

The model of Multivariate Generalized Autoregressive Conditional Heteroskedasticity 

(MGARCH) is employed to forecast or model the volatility of time series and these 

time series have some linkages. MGARCH is the study of the relations between the 
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volatilities and co-volatilities of several markets and it should be flexible enough to be 

able to represent the dynamics of the conditional variances and covariances. 

 

The MGARCH models are generally used for investigating, monitoring, and 

quantifying the volatility of the time series and contagion effects (Hafner, 2020). To 

sum up, the Multivariate GARCH model is studied to know the relationship between 

volatilities and co-volatilities of several univariate variables/markets, so it deals with 

the impact of one univariate time series on another univariate time series. The 

multivariate GARCH model answers “Does volatility of one market affects the 

volatility of the other market? or “Does a shock on one market increase the volatility 

of another market?” questions. 

 

There are different kinds of multivariate GARCH models: Constant Conditional 

Correlation GARCH (CCC GARCH), Dynamic Conditional Correlation GARCH 

(DCC GARCH), Varying Conditional Correlation (VCC GARCH), and Baba, Engle, 

Kraft, Kroner GARCH (BEKK GARCH). 

3.5 VAR Model 

 

For empirical analysis of volatility spillover, the Vector Autoregressive (VAR) model 

is used to predict the price spillover effect for the selected stock markets. The model 

developed by Sims (1980) has been widely employed. It is a flexible framework to 

analyze macroeconomic data. VAR model is used to a large extent, for example, Stock 

and Watson (2001) and Warsono et al. (2019) used the application of the VAR model. 

According to the minimum Akaike Information Criterion principle, the model of VAR 

(1) was selected and the equation is as follows: 

 

𝑅𝑡 = 𝜇 + 𝜑𝑅𝑡−1 + 𝜀𝑡                      (10) 

 

where 𝑅𝑡 = (𝑟𝑡
𝐵, 𝑟𝑡

𝐴)′ with 𝑟𝑡
𝐵 and 𝑟𝑡

𝐴 being the returns on countries’ stock indices at 

time 𝑡, respectively; 𝜑 is a (2𝑥2) form of coefficients’ matrix 𝜑 = (
𝜑11 𝜑12

𝜑21 𝜑22
); the 
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form of constant terms’ (2𝑥1) vector is 𝜇; 𝜀𝑡 = (𝜀𝑡
𝐵, 𝜀𝑡

𝐴)′ with 𝜀𝑡
𝐵 and 𝜀𝑡

𝐴 are the error 

terms of two stock markets’ mean equations, B and A. 𝜑11 and 𝜑22 measure own 

spillovers of stock markets and 𝜑12 and 𝜑12 measures the cross-mean spillovers. 

 

3.6 BEKK GARCH Model 

 

The BEKK-GARCH model which is studied by Engle and Kroner (1995) narrows 

down the version of the VECH model that needs fewer parameters rather than other 

models due to this fact this model is widely applied in the economy and finance 

literature. The BEKK model also does not impose any restrictions on the correlation 

structure between variables. Furthermore, this model also purposes to formulate the 

multivariate procedure to be sure of favorable certainty (Engle and Kroner, 1995). 

 

GARCH model’s BEKK representation model is a conditional covariance matrix of 

the error term εt, which is a vector of residuals from the mean equation. 

 

Let be εt a martingale difference sequence, a zero conditional mean stochastic process, 

i.e. 

 

𝐸(𝜀𝑡| Ω𝑡−1)        for any conditional covariance matrix, almost certain for every t: 

                                                         

𝐶𝑜𝑣(𝜀𝑡| Ω𝑡−1) =   𝐻𝑡

−
1

2𝐶𝑜𝑣(𝑧𝑡| Ω𝑡−1 )𝐻𝑡

−
1

2 =  𝐻𝑡                                                            (11) 

where 𝐻𝑡

1

2  is a symmetric positive definite square root of 𝐻𝑡  which can be acquired by 

Cholesky factorization (Lütkepohl, 2005). 

𝜀𝑡 =  𝐻𝑡

1

2 𝑧𝑡 ,      𝑧𝑡~𝑖. 𝑖. 𝑑. (0, 𝐼)                                                                                    (12)                                                                                 

 

I  is n × n identity matrix, n being the number of variables. 
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In the applications, the simplest form of the BEKK-GARCH model can be formulated 

as follows;  

 

𝐻𝑡 = 𝐶𝐶′ + 𝐴′𝑒𝑡−1𝑒𝑡−1
′ 𝐴 + 𝐵′𝐻𝑡−1𝐵,                                                                     (13) 

 

where C is a lower triangular matrix and A and B are N×N parameter matrices. 

 

An example of the BEKK model could be: 

 

𝐻𝑡 = 𝐶0𝐶0
∗ + ∑  𝑘

𝑘=1 ∑ 𝐴𝑖𝑘
∗𝑖

𝑖=1 𝜀𝑡−1𝜀𝑡−1
∗ 𝐴𝑖𝑘 + ∑  𝑘

𝑘=1 ∑ 𝐵𝑖𝑘
∗𝑖

𝑖=1 𝐻𝑡−1𝐵𝑖𝑘                     (14) 

 

Here Ht is the conditional covariance matrix and C0 is the NxN upper triangle matrix. 

 

In this study, the quasi-maximum likelihood (QML) method and BFGS which stands 

for Broyden Fletcher Goldfarb Shanno and one way algorithm were used to predict 

VAR-BEKK GARCH model. The L(θ) is represented as: 

 

𝐿(𝜃) = ∑ 𝐿𝑡
𝑇
𝑡=1 (𝜃),                                                                                                   (15) 

𝐿𝑡 = −𝑙𝑛2𝜋 − 1 2⁄ 𝑙𝑛|𝐻𝑡(𝜃)| − 1 2⁄ 𝜀′(𝜃)𝐻𝑡
−1(𝜃)𝜀𝑡(𝜃)                                         (16) 

 

where 𝑇 refers the observation numbers, and the predicted parameters’ vector 

symbolized as 𝜃.  
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CHAPTER 4: DATA AND SUMMARY STATISTICS 

In this section, the data are explained, and the methods are applied to analyze whether 

there are volatility spillovers among the stock markets of OECD countries. The 

econometric software RATS version 9.0 and Eviews are used in the analysis of the 

series. 

4.1 Data description 

In this study, the daily OECD countries’ stock price indices; namely, S&P Colombia 

Select Index.SPCOSL from Colombia, Deutsche Boerse DAX Index .GDAXI from 

Germany, CAC 40 Index.FCHI from France, FTSE MIB Index .FTMI from Italy, 

S&P/Bmv Ipc .MXX from Mexico, FTSE 100 Index .FTSE from the U.K., and NYSE 

Composite Index .NYA from the U.S., is used that are represented in Table 1.  

 

Table 1. Descriptions of sample countries and countries stock indices 

Country Country Stock Index 

Colombia S&P Colombia Select Index 

France CAC 40 Index 

Germany Deutsche Boerse DAX Index 

Italy FTSE MIB Index 

Mexico S&P/Bmv Ipc 

U.K. FTSE 100 Index 

U.S. NYSE Composite Index 

 

The data period is from January 1, 2019, to September 30, 2021, and the data is 

obtained from Eikon Database by Thomson Reuters. Seven OECD countries, the U.S., 

Mexico, the U.K., Italy, Colombia, France, and Germany were selected according to 

the highest number of daily deaths due to COVID-19 infection in OECD countries. 

The first seven OECD countries according to the daily mortality due to COVID-19 

infection from January 2020 to September 2021 are shown in Table 2. 
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Table 2. The Total Mortality Numbers in Selected OECD Countries 

 Countries Total Number of Deaths 

1 U.S. 689,343 

2 Mexico 282,227 

3 U.K. 160,852 

4 Italy 131,301 

5 Colombia 126,655 

6 France 117,052 

7 Germany 94,209 

Note: The data is retrieved from the OECD website. 

 

4.1.1 The Selected Stock Markets and Stock Market Indices’ Characteristics 

In this study, seven stock markets – Colombia, France, Germany, and Italy stock 

markets which are European Union members; Colombia, Mexico, the U.K., and The 

U.S. stock markets were selected, and they are not European Union members. 

 

4.1.1.1 Colombia Stock Market- S&P Colombia Select Index (.SPCOSL ) 

The S&P Colombia Select Index is a major index that includes the 24 most liquid 

stocks traded on the Colombia Stock Exchange (Bolsa de Valores de Colombia). 
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Figure 1. S&P Colombia Select Index (.SPCOSL)  

As can be seen from Figure 1, the line chart displays the S&P Colombia Index between 

January 2019 and September 2021 and it can be observed that in the first quarter of 

2020, The line has bottomed around 5.5. 

 

4.1.1.2 France Stock Market- CAC 40 Index (.FCHI) 

 

The CAC 40 Index is a benchmark index in the French stock market. It includes 40 

enterprises which are the most capitalized enterprises on Euronext Paris. 
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Figure 2. CAC 40 Index (.FCHI)  

Figure 2 shows that the CAC 40 Index was between January 2019 and September 2021, 

with the line bottoming out at around 8.3 in the first quarter of 2020. 

 

4.1.1.3 Germany Stock Market-Deutsche Boerse DAX Index (.GDAXI) 

The DAX 30 Index is in the German stock market and is the benchmark index. There 

are 30 enterprises in this index and the come of the popular countries can be counted 

as Allianz, BMW, Adidas, etc.  
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Figure 3. Deutsche Boerse DAX Index (.GDAXI)    

Figure 3 illustrates the DAX 30 Index from January 2019 to September 2021. There 

was a steady decline at the beginning of 2020 and basically with bottoming in the first 

quarter of 2020. 

 

4.1.1.4 Italy Stock Market-FTSE MIB Index (.FTMIB) 

Borsa Italiana is the stock exchange which is based in Milan, Italy. It is regulating the 

procedures and leads to listing companies in the domestic market. This stock 

exchange’s history goes back more than 200 years. Borsa Italiana became part of 

Euronext since April 2021. 

 

The FTSE MIB involves 10 economic sectors and 40 largest companies and is 

established in 2009.  
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Figure 4. FTSE MIB Index (.FTMIB) 

As can be seen from Figure 4, the line chart represents the FTSE MIB 40 Index from 

January 2019 to September 2021. There was a decline at the beginning of 2020 and it 

reached the bottom before April of 2020. 

 

4.1.1.5 Mexico Stock Market-S&P/Bmv Ipc (.MXX) 

The Mexican Stock Exchange, namely, Bolsa Mexicana de Valores (BMV) is one of 

the largest stock exchanges in Latin America.  

 

Furthermore, the main benchmark stock index of The Bolsa Mexicana de Valores is 

Indice de Precios y Cotizaciones (IPC) is the biggest indicator of this stock exchange 

in overall performance.  
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Figure 5. S&P/Bmv Ipc (.MXX)  

As can be seen from Figure 5, the line chart demonstrates the S&P/Bmv Ipc. Index 

from January 2019 to September 2021. There was a fall at the beginning of 2020 and 

it reached the bottom before April of 2020. 

 

4.1.1.6 U.K. Stock Market-FTSE 100 Index (.FTSE) 

The FTSE 100 is an important capitalization-weighted price index and it involves the 

100 companies which are most capitalized. Some of them are, namely, Coca-Cola, 

HSBC, Lloyds Banking Group, etc. 
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Figure 6. FTSE 100 Index (.FTSE) 

Figure 6 illustrates between January 2019 and September 2021 the FTSE 100 Index. 

There was a sharp decrease at the beginning of 2020 and basically with bottoming 

before April of 2020. 

 

4.1.1.7 The U.S. Stock Market-NYSE Composite Index (.NYA) 

The New York Stock Exchange is one of the major stock exchanges in the U.S. The 

New York Stock Exchange (NYSE) is an American stock exchange in the Financial 

District of Lower Manhattan in New York City. In NYSE Composite Index, there are 

more than 2,400 international companies are listed. 
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Figure 7. NYSE Composite Index (.NYA) 

In Figure 7, the NYSE Composite Index from the beginning of 2019 to the September 

of  2021 can be shown in the line chart. There was a decline at the beginning of 2020 

and it reached the bottom before April of 2020. 

 

4.2 Descriptive Statistics 

 

The dataset includes daily data for 7 OECD countries’ stock indices according to the 

highest number of daily deaths due to COVID-19 infection; Colombia, France, 

Germany, Italy, Mexico, the U.K., and the U.S. between 1 January 2019 and 30 

September 2021. 

 

Returns, Ri,t   are computed as Ri,t   = ln (Pi,t  ) – ln (Pi,t -1), where Pi,t  denotes the value 

of country’s stock indices at time t.
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The summary statistics are presented in Table 3 for the country’s stock indices. The 

German stock index exhibits the highest mean in daily returns (0.061%) followed by 

France's average (0.057%). On the other hand, the Colombia stock index has the lowest 

mean with -0.019%. To be more precise, in six of these seven countries' stock indices, 

all the means of returns were positive; only the Colombian stock index’ means is 

negative. This represented an increasing trend in stock indices during this period, even 

though there were some fundamentally negative returns. Colombia's stock index 

exhibits the highest standard deviation (0.021932), while the U.S. has the lowest one 

(0.013622).  

 

Referring to the distribution of returns, all indices are negatively skewed. In addition 

to this outcome, it was observed that all kurtosis values were higher than 3, indicating 

that all series had a heavy tail and peak relative to a normal distribution, the kurtosis 

of all returns surpassed a normal distribution (kurtosis=3), donated as leptokurtic 

distribution. Jarque-Bera (JB) Lagrange Multiplier test which tests the normality.  The 

normality test is strongly rejected in all cases.  

 

The returns series of seven OECD countries’ stationarity is checked using the ADF 

and Phillips-Perron tests. These two unit root tests with three specifications (intercept, 

trend, and intercept and trend) are implemented both on the level and first differences 

of the series, and the test outcomes are reported in Table 4. The results of the return 

series show significant ADF and PP test results which means rejection of the null 

hypothesis of a unit root. 
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The means of a conditional heteroscedasticity model is used to analyze the volatility 

spillover effects between OECD countries’ stock indices. Therefore, the ARCH-LM 

test is employed to test the existence of any ARCH effect. The ARCH-LM test findings 

are reported in Table 5. It is aimed to investigate the ARCH effect existence in the 

model for return series residuals. According to this result, it has been specified that it 

is appropriate to predict the return series of stock indices of all selected OECD 

countries by using alternative ARCH specifications. 
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CHAPTER 5: EMPIRICAL RESULTS 

This chapter examines the development of mean and volatility spillover effects across 

the stock market indices of seven OECD nations. Tables 6, 8, 10, 12, 14, 16, and 18 

provide the empirical results based on the MGARCH model with BEKK 

representations, whereas the summary findings are shown in Tables 7, 9, 11, 13, 15, 

17, and 19. 

Regarding the first-moment relationship, for the diagonal parameters, 𝜑(1)12   

and 𝜑(1)21, (1) refers to Colombia, and (2) refers to stock exchange returns of other 

selected countries. 𝜑(1)12  represents the lagged spillover impacts in the mean from the 

stock exchange returns of Colombia to Germany, France, Italy, the U.S., Mexico, and 

the U.K. while 𝜑(1)21 denotes the same impact in the reverse direction as seen in Table 

6. Only for France do these own mean spillover coefficients indicate that the lagged 

return of the France stock index aids in predicting its previous return, which is positive 

and statistically significant. Especially, the coefficient 𝜑(1)12 investigates the 

interrelation between the returns of two stock markets, meaning that present period 

returns in Colombia's stock index are significantly affected by lagged returns in the 

variable of other countries' stock indices, whereas 𝜑(1)21  measures the impact on the 

contrary direction. Surprisingly, the findings show that, except for Colombia and the 

U.S. pair, there is a mean spillover among all the country stock index pairs, indicating 

that there are no information flows exist between these two countries' stock markets. 

This insight implies that a change in Colombia's stock market does not affect the U.S. 

stock market and vice versa. 

The conditional volatility of the stock markets of all OECD countries is considered by 

both own-market shocks (a11, a22) while the results of the variance equation are 

revealed and own volatility persistence (b11, b22). The cross-market impacts between 

the stock markets of the chosen OECD countries are captured by the off-diagonal 

parameters, a12, a21, b12, and b21. As can be seen from Table 7, the results of the 

empirical analysis show there are bidirectional volatility transmission and cross-

market shock for the pairs of Colombia-France and Colombia-Mexico stock markets.
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For the pairs of Germany and selected OECD countries' stock indices, (1) represents 

Germany's stock index return, and (2) represents Colombia, Mexico, the U.K., the 

U.S., Italy, and France stock index returns, respectively for the estimated coefficients 

𝜑(1)11 and 𝜑(1)22  in mean equations, as seen in Table 8. Both coefficients are 

statistically significant for two stock market pairs; Germany-Colombia, and Germany-

France, implying that each market is impacted by its lagged return significantly. 

Moreover, the coefficient 𝜑(1)12 investigates the interconnection between the returns 

of two stock markets, meaning that present returns in Germany's stock index are 

affected by previous period returns of other countries’ stock indices, whereas 

𝜑(1)21 calculates the effect on the contrary direction. Among all the stock markets, the 

bidirectional return spillover is only existing in the stock markets of Germany and 

Mexico. Additionally, there is a unidirectional return spillover effect from the German 

stock market to Colombia, U.S., and France, while no return spillover effects are 

observed for the pairs of Germany-the U.K. and Germany-Italy stock markets.  

 

In terms of the empirical results of the conditional variance equation in Table 9, 

between Germany-Colombia, Germany-Mexico, Germany-the U.S., and Germany-

France stock markets, there is a bidirectional cross-market shock. The results also point 

out that bidirectional volatility spillover is observed for the pairs of Germany stock 

market and the U.K., the U.S., Italy, and France stock markets. As seen in Table 9, 

there are bidirectional shock and volatility transmission between the pairs of Germany-

the U.S., and Germany-France stock markets. Although there is a bidirectional

volatility spillover effect among Germany and Italy stock markets, the results indicate 

no evidence of shock volatility between these two stock markets. 

 

Regarding the mean equation of Table 10, (1) represents France's stock index return, 

and (2) represents Germany, the U.K., the U.S., Italy Mexico, and Colombia's stock 

index returns. Both coefficients are statistically significant for the pairs of France stock 

market and Germany, Italy, and the U.S. stock markets, implying that there is an 

evidence of short-term predictability in these stock markets. While the coefficients 

𝜑(1)12 and 𝜑(1)21  examine the linkage between France and selected OECD countries' 

stock markets, the empirical findings show that bidirectional return spillovers exist
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only between the pairs of France-the U.K. and France-Mexico. Also, there is a one-

way return spillover from Germany, the U.K., Italy, the U.S., Mexico, and Colombia 

stock markets to France stock markets, indicating that a change in return of selected 

all OECD countries' stock indices affects France's stock index return. However, there 

is an absence of return spillover between France and Colombia stock markets.  

 

As can be seen from Table 11 with regards to shock and volatility spillovers between 

France and all selected OECD countries' stock markets, the empirical results support 

the significant evidence of bidirectional cross-market shock between the pairs of the 

U.K.-France, France-Germany, The U.S.-France, France-Italy, France-Mexico, and 

France-Colombia stock markets, i.e. in all stock markets. Moreover, there is 

bidirectional volatility transmission between France and all countries’ stock markets 

except for Mexico's stock market. An interesting finding is that volatility in Mexico's 

stock market is directly transmitted to France's stock market. 

 

 

Turning out the mean spillover effects, (1) represents Italy's stock index return, and (2) 

represents Germany, Mexico, the U.K., the U.S., France, and Colombia stock index 

returns respectively for the estimated coefficients 𝜑(1)11 and 𝜑(1)22 ,  as shown in Table 

12. Both coefficients are statistically significant for the pairs of Italy-the U.S. and Italy-

France stock markets. Among all the stock markets, the results exhibit that there is 

only bidirectional return spillover between Italy and Mexico stock markets. We also 

observe that past stock index returns of Italy have a predictable effect on the U.S.,       

France, and Colombia stock index returns. However, the insignificant estimations 

indicate the absence of return spillover effects between the pairs of Italy-Germany, and 

Italy-the U.K. stock markets as can be seen in Table 13. 

 

Turning out the empirical results of the conditional variance equation, there is 

significant evidence of bidirectional shock transmission only between the pairs of 

Italy-the U.S., Italy-France, and Italy-Colombia stock markets as is seen in Table 13. 

However, there is no shock spillover observed for the rest of the countries' stock 

markets. For the volatility linkages, there are bidirectional transmissions only between
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 the pairs of Italy-France and Italy-Germany stock markets, whereas unidirectional 

transmission exists from the Italy stock market to Mexico and Colombia stock markets. 

For the pair of Italy-the U.K. stock markets, the conditional volatility performs 

independently from the unexpected shocks and historical volatility of each stock 

market. 

 

In Table 14, the estimated coefficients (1) represent Mexico's stock index return, and 

(2) represent France, the U.K., the U.S., Italy, Germany, and Colombia's stock index 

returns respectively. The estimation results exhibit that there is a bidirectional return 

spillover between the pairs of Mexico and most of the selected OECD countries with 

the exception of the U.K. and Colombia. The statistical significance of estimated 

coefficients provides unidirectional price spillovers between Mexico-the U.K. and 

Mexico-Colombia, which implies that the direction of the price transmission is from 

the U.K. and Colombia stock markets to Mexico stock market. 

 

Regarding the shock and volatility spillovers represented in Table 15, among Mexico 

and all selected OECD countries' stock markets, there is a bidirectional cross-market 

shock with the exception of Italy's stock market. Surprisingly, there is no shock 

spillover between Mexico and Italy stock markets. Furthermore, the results also show 

that there are bidirectional volatility transmissions between Mexico and all selected 

OECD countries' stock markets except Germany's stock market.

 

 

In Table 16, (1) represents the U.K. stock index return, and (2) represents the U.S., 

France, Germany, Mexico, Colombia, and Italy stock index returns, respectively, for 

the estimated coefficients. Between all the stock returns, the results exhibit that there 

is an existence of the bidirectional return spillover effects between only the pair of the 

U.K.-Mexico while unidirectional return spillover is observed from the U.K. to the 

U.S., France, and Colombia stock markets. However, Germany and Italy's stock 

markets behave independently from the U.K. stock market. From the empirical results 

of the conditional variance equation in Table 17, it is observed that there is evidence 

of bidirectional cross-market shock between the U.K. stock market and the U.S.,
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France, and Mexico stock markets. In addition, there are bidirectional volatility 

transmissions between the U.K. stock market and all selected OECD countries' stock 

markets with the exception of the German stock market. 

 

Concerning the return-generating process, for the estimated coefficients, (1) represents 

the U.S. stock index return, and (2) represents the U.K., France, Germany, Mexico, 

Colombia, and Italy stock index returns, respectively, as seen in Table 18. The results 

indicate evidence of bidirectional return spillover between the U.S. and Mexico stock 

markets whereas no existence of the bilateral or unilateral return spillover is found 

between the U.S. and Colombia stock markets. This finding means that a change in the 

U.S. stock market does not influence Colombia's stock market and vice versa.  

 

Investigating the off-diagonal elements of matrices mean and variance equations, the 

empirical results exhibit significant evidence of bidirectional cross-market shock 

between the U.S. stock market and the U.K., France, Germany, and Mexico stock 

markets. Moreover, there are bidirectional volatility transmissions between the U.S. 

and all selected OECD countries' stock markets as seen in Table 19. These results 

indicate that when the volatility increases in the U.S., the volatility in other selected 

OECD countries' stock prices also increases and vice-versa. 

 

As a summary of the overall empirical results, it provides significant proof of volatility 

transfer between the pairs of Colombia-France, the-U.K.-France, Mexico-Germany, 

Colombia-Mexico, and the U.S.-France, France-Germany, France-Italy, France- 

Mexico, Germany-the U.S. and the U.K.-the U.S. stock markets and also cross-market 

shock between these pairs. Also, there is bidirectional volatility transmission between 

the pairs of Germany-the U.S., Germany-Italy, Germany-France, Italy-France, 

Mexico-the U.S., and Mexico-the U.K stock markets. These results are vital for market 

participants and policymakers when designing their asset allocation and policies, 

respectively. It is recommended that market participants and policymakers be aware 

of the volatility between countries' stock markets and prepare policies to support the 

market stability in the long term. As well as market participants and policymakers, the 

results are important for regulators, who must consider the hyperconnectedness of 

financial markets and changes in times of crisis. Future studies may take into account



 

40 

 the volatility spillover in all OECD stock markets or at the regional level when 

accounting for the COVID-19 outbreak.
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CHAPTER 6: CONCLUSION 

 

In this dissertation, the spillover effects between stock markets of seven OECD 

countries are analyzed, using daily data between January, 1st 2019, and September, 

30th 2021. The OECD countries used for analysis are Colombia, France, Germany, 

Italy, Mexico the U.K., and the U.S., which are selected according to the highest 

ranking of daily COVID-19 mortality rates. The empirical findings indicate 

satisfactory proof of spillover impacts during COVID-19 in the stock markets of 

selected OECD countries. Therefore, this investigation is meticulous to highlight the 

information transmission over time and among these countries' stock markets in order 

to make optimal portfolio allocation decisions. 

 

Employing the VAR-BEKK GARCH model, the results show that there is a volatility 

transmission among the pairs of Colombia-France, the U.K.-the U.S., Colombia-

Mexico, France-Germany, the U.S.-Germany, France-Italy, France-the U.K., France-

the U.S., France-Mexico, and Germany-Mexico stock markets and bidirectional cross-

market shock between these pairs. Also, there is bidirectional volatility transmission 

between the pairs of Germany-the U.S., Germany-Italy, Germany-France, Italy-

France, Mexico-the U.S., and Mexico-the U.K stock markets. 

 

This thesis takes part in a novel contribution since this is primary empirical research 

on the impact of the COVID-19 pandemic which studies OECD countries’ stock 

markets which are chosen according to the highest mortality rates using the VAR-

BEKK GARCH model, which provides direction to investors and academicians during 

this time of COVID-19 pandemic. Hence, this study guides further research to explore 

implications and methods for assessing the impact of the COVID-19 pandemic on

other global stock markets. Consequently, additional research is valuable in this 

environment because of the extraordinary condition of COVID-19 and its consequent 

impact on the global financial markets worldwide. 
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