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Abstract 

The assessment of international financial markets co-movements is crucial due to the 

valuable information it provides to investors and policy makers that could help in making 

informed decisions about risk management and investment. However, less attention found on 

fixed-income returns co-movement, where most of the literature had focused on the co-

movement between equity markets. This study employed two econometrics methods; the 

dynamic conditional correlation-GARCH (DCC-GARCH); which helps in studying the time 

variation in the relationship over time, and Wavelet coherence; that adds frequency domain 

to the investigation of the dynamic relationship; to extensively examine the co-movement 

between global Islamic and conventional fixed-income market returns in crisis and non-crisis 

periods, which remains unexplored. Data on global indices were used from September 2006 

to July 2016. Further, the examination had extended to investigate the impact of 

macroeconomic and financial uncertainty factors on the co-movement; in order to explore the 

determinates of the dynamic co-movement. The findings indicate that investors and policy 

makers should consider the variation in the co-movement on their decision-making process. 

Also, it suggests that sukuk provide better diversification potential to fixed-income investors 

as their returns exhibit the least co-movement with bond market returns. However, these 

benefits do not hold during high-stress periods; as the association between sukuk and other 

fixed-income market increases substantially during these periods. Moreover, most of the 

studied macroeconomic and financial uncertainty factors found to be insignificant in 

explaining the time variation in the fixed-income market returns co-movement with the only 

exception for inflation in the case of sukuk-bond co-movement. 

Keywords: Co-movement, Sukuk, Global bond markets, Wavelet coherence, DCC-GARCH, 
Macroeconomic factors, Financial market uncertainty. 
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Chapter 1: Introduction 

 
Studying the co-movement between different financial markets have significant 

implications for risk management and investment decisions (Uddin et al., 2014); as it 

provides valuable information for strategic asset allocation, hedging strategies, and forming 

policies. According to the modern portfolio theory, diversification benefits can be realized 

when investing in securities in which their returns are less than perfectly correlated. 

Following the same sense, the high co-movement between two markets indicates less 

diversification potentials (Rua and Nunes, 2009). The co-movement between financial 

market also uncover information about the level of markets integration and can be used to 

investigate if the markets exhibit contagion effect during financial crisis periods (Aloui et al., 

2015).  Forbes and Rigobon (2002) defined contagion as an extreme increase in cross-market 

linkages following a shock to one country or group of countries. Therefore, if two markets 

exhibit a high degree of co-movement only after a shock to one market, the market are said to 

experience contagion. While if the high level of co-movement did not coincide with shock to 

one of the markets or the increase in the co-movement was not significant, then contagion 

term does not apply (Forbes and Rigobon, 2002). Thus, contagion could be viewed as an 

extreme and abrupt change in the linkage between the market during stress times. This 

phenomenon had been described as a loss of diversification benefits when most needed.  

Accordingly, the information provided by studying the co-movement is not only valuable to 

investors seeking diversification but also for policy makers in designing policies that aim to 

ensure the stability in the financial market.  

The literature in financial market linkage can be grouped into three categories. First, 

studies that examined the linkage among stock market indices which are dominant in the 



	 	 2 

literature (e.g., Forbes and Rigobon, 2002; Rua and Nunes, 2009; Mandeleno and Pinho, 

2012; El Alaoui et al., 2014, among others). Second, studies that explore the cross market 

linkage and co-movement, for instance, bond-stock linkage (e.g., Dimic et al., 2016; Dreassi 

et al., 2016; Aloui et al., 2015a,b; Yang et al., 2009, among others). Finally, less attention 

found in the literature for studies that investigate the co-movement across bond markets (e.g., 

Smith, 2002; Yang, 2005; Kim et al., 2006b; Ciner, 2007; Vo, 2009; Gilmore et al., 2010; 

Piljak, 2013). Also, some of those papers further studied the impact of global macroeconomic 

and financial factors on the co-movement between asset return (e.g., Piljak, 2013; Dimic et 

al., 2016; Li, 2002, among others). However, to best of my knowledge, the co-movement 

between sukuk and bond market and the factors affecting their linkage remains unexplored. 

Thus, this study investigates the unexplored co-movement between sukuk and bond markets 

and tries to identifies the factors that explain the co-movement.  

Sukuk Overview  

Sukuk can be defined according to Accounting and Auditing Organization for Islamic 

Financial Institutions (AAOIFI), as: “Certificates of equal value representing undivided 

shares in ownership of tangible assets, usufruct and services or (in the ownership of) the 

assets of particular projects or special investment activity” (Shari'a standards, 2010, p.307). 

Sukuk are Islamic debt instruments that emerged as a key capital market instrument 

and contributes substantially to the development of Islamic capital market (IIFM, 2016). 

Over the last few years, sukuk market overtook the Islamic banking market in terms of 

growth rates, as it marked as the most rapidly expanding sector of the global Islamic finance 

(Islamic Financial Services Board, 2015).  Between 2009 and 2014, sukuk global outstanding 

exhibited 19.56% compound annual growth rate (CAGR), and stood at its highest level of 
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$300.9 billion at the end of 2014 (Islamic Financial Services Board, 2016). Despite its tiny 

share in the overall bond market which estimated by 0.2% of total $487 trillion industry, 

sukuk issuance has grown at 27.1% rate compared to only 7.2% annual growth rate of 

conventional bonds between 1995 and 2015 (Figure 1) (Islamic finance bulletin, 2016). 

 

 

Figure . Share of Sukuk vs. Bonds Issued (1995-2015). Source: Bloomberg, The Banker, Thomson Reuters as cited in 
Islamic finance bulletin (2016). 

 Interestingly nowadays, sukuk in some countries like Malaysia took a precedence as 

it became a preferred fundraising instrument over conventional bonds catered 76.1% of all 

corporate issuances in 2014 (Islamic Financial Services Board, 2015). Since the first sukuk 

issuance in 1995, there has been a total of 11,626 issuances with a total worth of $887.1 

billion (Figure 2) (Islamic finance bulletin, 2016).  
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The market had attracted sovereign, quasi-sovereign and corporate issuers to tap the 

Islamic finance liquidity pool (Islamic Financial Services Board, 2015). Today, sukuk issuers 

range from financial institutions, infrastructure development, aircraft financing, socially 

responsible investing, takaful sector, Tier 1 and 2 capital enhancement purposes, fulfillment 

of general needs of the corporate sector, sovereigns, and sovereign wealth funds (IIFM, 

2016). Moreover, sukuk had a global recognition, where now thirty countries other than 

Malaysia (Muslim and non-Muslim) are issuing sukuk, such as China, Senegal, UK, USA, 

Pakistan, Yemen, Luxembourg and Nigeria (Figure 3). 

 

 

 

Figure . Number of Sukuk Issued (1995-2015). Source: Bloomberg, The Banker, Thomson Reuters as cited in Islamic 
finance bulletin (2016). 
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The international sukuk issuance represents 27.6% of global sukuk issuance with 

value worth of $244.6 billion as from 1995 to 2015 (Figure 4 and 5). Despite the retreat in 

the overall growth of sukuk market in the last two years due to the ongoing uncertainty in the 

global financial market and the severe drop in the oil price, the international sukuk market 

was able to avoid the downside effect due to continuous issuance from the existing 

jurisdictions and the entry of several new jurisdictions from Europe, Asia, and Africa (IIFM, 

2016). Also, the investor base of sukuk is widening globally across diverse regions, including 

Asia, MENA, Europe and North America (Figure 6) (Islamic Financial Services Board, 

2015), and it now includes fund managers, Takaful operators, high net worth individuals, 

corporate investors and retail investors (IIFM, 2016). The expansion in the sukuk investor's 

base and Islamic finance industry, in general, surge the demand for sukuk and render its 

international listing to be oversubscribed continuously (Islamic Financial Services Board, 

2015).  

Figure . Global Sukuk Issuances Country Wise Breakdown - All Tenors (Jan 2001- Dec 2015, Usd Millions).  
Source: (IIFM, 2016). 
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 Figure . Share of Domestic vs. International Sukuk Issued 

(1995-2015). Source: Bloomberg, The Banker, Thomson 
Reuters as cited in Islamic finance bulletin (2016). 

Figure . Share of Sukuk Issuance by Region (1995-
2015). Source: Bloomberg, The Banker, Thomson 
Reuters as cited in Islamic finance bulletin (2016). 

 

Figure . Domestic vs. International Sukuk Issued,USD Million 
(1995-2015). Source: Bloomberg, The Banker, Thomson Reuters 

as cited in Islamic finance bulletin (2016). 
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Apart from being a shariah compliant source for project financing and infrastructure 

purposes, and due to the recent innovations in sukuk, such the introduction of hybrid, 

convertible, perpetual, retail and insurance-linked issuances, sukuk became one of the 

important key instrument used for liquidity management (IIFM, 2016), risk management, 

investment purposes, and funding working capital requirements (Islamic Financial Services 

Board, 2015). It also had been used by issuers from developed and emerging economies as a 

tool for fundraising and supporting the economic development process (Islamic Financial 

Services Board, 2015). Even though, sukuk had a diverse issuer base, sovereign and quasi-

sovereign issuance are still the dominate as their issuance on average account for 80% of the 

total annual volume since 2009 (Islamic Financial Services Board, 2015).  

Sukuk and Bond Comparison  

Sukuk and bond are fixed-income instruments that have a maturity date and provides 

investors with a predicted level of income over the life of the security along with final 

maturity payment, and serves the same financial problem of raising capital (Afshar, 2013; 

Hassan, 2012; Cakir and Raei 2007). The similarity between sukuk and bond lies down on 

four factors. First, the tradability, as they both traded in the secondary market though to 

lesser extend for sukuk. Second, the reatability, where they are both subject to agency quality 

rating. Third, the allowance for credit enhancement. Finally, the versatility which means the 

allowance of structuring across legal and fiscal domains, for instance, provide fixed and 

variable income options (Dar Al Istithmar, 2006). However, fundamentally sukuk 

substantially differs from the conventional bond as they represent an ownership stake in an 

underlying asset rather than a pure debt obligation (Cakir and Raei 2007). Unlike bonds, 

sukuk are asset-based securities where an existing shariah compliant asset in nature and use 
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is a compulsory condition; which can be asset, service or project (Hassan, 2012; Balcılar et 

al., 2015). Accordingly, the coupon and final payment are based on the after-tax profit/loss 

from asset utilization and the current market value of the asset (Godlewski et al., 2013; 

Afshar, 2013). Moreover, the bond value is based on the credit-worthiness of the issuer, 

while the sukuk value is based on the credit-worthiness of the issuer and the market value of 

the underlying asset (Hassan, 2012). Hence, the underlying asset, the income generator, and 

the valuation base are different for both securities.  

A debate on the difference between sukuk and bond started after the well-known 

scholar Mohammad Taqi Usmani scrutinizes the contemporary applications in sukuk 

(Godlewski et al., 2013). As he revealed some practices used by issuers to ensure 

competitiveness with the conventional bonds that hinder the shariah compliance status of the 

issuance. As well Miller et al. (2007) and Wilson (2008), concluded that sukuk are 

mimicking conventional bonds; in which they are structured along with conventional rules of 

asset securitization. In contrast to this view, a number of researchers investigated the issue 

from different angles and concluded that sukuk is a unique asset class that differs from 

conventional bonds and shares equity and bond features.  For instance, Cakir and Raei 

(2007), and Hassan (2012) contributed to the debate by investigating the impact of sukuk on 

the risk structure of bond portfolio. Alam et al. (2013), and Godlewski et al. (2013) compared 

the impact of the announcement of sukuk and bond on the shareholder wealth. Ariff and 

Safari (2012), Safari et al. (2013), and Ariff et al. (2013) examined the difference between 

yield to maturity and investigated the causal relationship between sukuk securities and 

conventional bonds. In a more recent study, Maghyereh and Awartani (2016) investigated the 

return and volatility spillovers of sukuk and global bonds with equity. Given the above 

evidence about the difference between sukuk and bond, and the increasing attention in 
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international financial linkage as a result of globalization and liberalization, investigating the 

co-movement between global bond and sukuk markets have a keen interest for policy makers 

and investors. 

Rationale and Significance of the Study  

The linkage between international financial markets attracted considerable attention 

in the international finance literature, as to its valuable information to investors and policy 

makers in terms of asset allocation, risk management, and diversification strategies 

(Cappiello et al., 2002). Studying the co-movement of financial asset markets is important in 

identifying markets integration and contagion, thus understanding the co-movement between 

financial asset class across the international capital markets in crisis and non-crisis periods is 

vital for developing policies that may help in mitigating the downside effect of the crisis and 

enhancing financial stability. Also, it gives the practitioner a valuable information for 

decision-making. The increase in co-movement between international asset class may refer to 

a higher degree of international financial integration, which has a significant implication on 

international diversification (Vo, 2009). 

This study fills the gap in the literature by investigating the dynamic co-movement 

between Islamic and conventional fixed-income market returns. Moreover, it contributes to 

the literature in two ways. First, it adds to the Islamic finance empirical literature and the 

literature in general on global sukuk-bond co-movement and the driving macroeconomic and 

financial factors. Second, the study uses wavelet coherence; a newly adopted approach in 

finance that is superior to other methods in which it simultaneously considers the frequency 

and time components thus providing a fuller picture of the relation that is hard to achieve by 

other econometrics methods. By using wavelet analysis, the study simultaneously assesses 



	 	 10 

the short- and the long-term co-movement along with the over-time variation in the linkage. 

Considering the frequency aspect in assessing financial markets co-movement is beneficial as 

investors deal with different investment horizons.  

Research Objectives 

The aim of the study is twofold. First, the study aims to extensively investigate the 

dynamic co-movement between global sukuk and bond markets in crisis and non-crisis 

periods. To provide information to market participants about the sukuk-bond markets 

relationship and how does it react to shocks. Secondly, the study attempts to examine the 

impact of macroeconomic and global financial factors on fixed-income market returns co-

movement in order to explore the determinants of the dynamic co-movement.  

Research Questions 

An attempt has been made in this research to answer questions about the relationship 

between the fixed-income market and factors affecting their relation over time. The first 

question is whether sukuk and bonds markets exhibits a time-varying co-movement or they 

have constant relation over time? Do the relation changes over different investment horizons 

(frequency)? And how does it change and reacts to different shocks? Finally, could global 

macroeconomic and financial factors explain the variation in the co-movement between 

global fixed-income assets? 

Structure of the Research  

The study is organized as follows. Chapter 2 presents and discusses the literature on 

financial market co-movement. Chapter 3 introduces the main econometrics method used; 

DCC-GARCH and wavelet analysis. Chapter 4 reports the empirical results from the three 
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econometrics methods DCC-GARCH, wavelet, and OLS regression. Finally, Chapter 5 

discuss the findings and its implication and concludes the study.    



	

Chapter 2: Literature Review 

This chapter provides an introduction to the financial market linkages and its 

implications. After that, it specifically discusses the literature on bond market co-movement 

by highlighting and comparing different aspects of the literature findings. Then, it discusses 

the relevant empirical literature on sukuk market linkages with other markets. Finally, it 

sheds light on the literature that investigated the driving factors of asset markets linkages.  

As a result of globalization, the late 1980s witnessed a significant escalation in the 

degree of global financial markets integration (Vo, 2009). According to Clare and Lekkos 

(2000), the October 1987 stock market crash triggered the moment in financial market 

linkages. The turbulence in asset markets due to the recurring financial crisis and the increase 

in international financial integration surged the interest further in asset market linkages 

among investors, policymakers, and academics (Beirne and Gieck, 2014; Vo, 2009). 

Whereas, the international investors are interested in portfolio diversification benefits and 

policymakers are concerned about the stability of the financial market (Saiti et al., 2015).  

 Diversification can be achieved either by investing in different assets that have a 

negative or low correlation or can be achieved by cross-market investing in the same asset 

class thus achieving international diversification (Cappiello et al., 2003). It has been argued 

that the increase in international financial integration enhances and brings ease to 

international diversification for investors and promotes economic development. Since it 

facilitates capital mobility; where investors can diversify their portfolio internationally to 

achieve higher returns and eliminate country-specific risk thus be prone to significant 

diversification opportunity (Vo, 2009).  Moreover, it improves economic performance as a 

result of a more financial development (Vo, 2009). On the other hand, greater international 
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integration would make the markets move together hence diminish diversification benefits 

for investors (Vo, 2009; Ciner, 2007). Also, it may affect the level of a country's monetary 

policy independence; where a country can be affected by other countries’ monetary policy 

stance by way of transmission (Vo, 2009; Ciner, 2007; Yang, 2005; Clare and Lekkos, 2000). 

Therefore, the increased linkage between international markets may cause contagion effect at 

financial crisis time that would have severe consequences for financial stability (Vo, 2009).   

 Understanding the linkages between asset returns is crucial as it contains valuable 

information about market efficiency and development, shock transmission, and 

diversification benefits. Research in this field mainly concentrated on equity market (Smith, 

2002; Yang 2005; Kim et al., 2006b; Ciner, 2007; Gilmore et al., 2010; Piljak 2013) and 

covered the issue of integration, contagion, diversification and co-movement within specific 

region and internationally for developed, and emerging markets and for Islamic and 

conventional asset class. Also, the research covered the implication of cross-assets linkages 

for instance bond-stock linkages and Bond-Stock-Money market and other financial assets 

linkages. However, less attention found in the literature for linkage across bond markets 

(Smith, 2002; Yang 2005; Kim et al., 2006b; Ciner, 2007; Gilmore et al., 2010; Piljak 2013).  

Empirical Literature on Bond Market Linkages  

The research on bond market linkages discussed the issue of the independence of 

monetary policy, the international diversification benefits, the contagion effect in crisis 

periods, and the factors affecting the bond market co-movements. Recently the research in 

government bond market linkages directed toward investigating the Euro region due to its 

unique characteristic as a monetary union.  
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 By investigating the diversification benefit within developed bond markets Smith 

(2002), Ciner (2007), Clare and Lekkos (2000), Hunter and Simon (2005), and Yang (2005) 

found mixed evidence. Smith (2002) and Ciner (2007) suggested that the bond markets are 

cointegrated in the long run thus suggesting limited diversification benefits for international 

investors; moreover, Ciner found that international diversification benefits reduced over time. 

In contrast, Yang (2005) argued that there is no cointegration relation exist between the 

major bond markets in the long run suggesting significant diversification benefits for passive 

long-term international investors. Also, he suggested the use of contemporaneous causal 

pattern or short-run dynamic causal linkage pattern for investors with shorter horizons or 

active investment preference to time the market movements. By studying the linkage in a 

larger scope covering developed North American, European, and Asian countries Gilmore et 

al. (2015) found low correlation among twenty bond markets index, which is an indicative of 

significant global diversification benefits in the bond market except within European Union 

investors; as their markets are found to be highly integrated. The strong integration of 

European Monetary Union (EMU) markets also found in Cappiello et al. (2003) work; in 

which they reported a perfect dynamic correlation between EMU markets and increasing 

correlation between EMU markets and European non-EMU and American bond markets. Vo 

(2009), studied international linkages in Asian bond markets and reported moderate 

integration among Asian markets and low level of correlation and cointegration in the long 

run with the US and Australian markets suggesting considerable diversification potential for 

the US and Australians investors in the Asian markets. 

 Hunter and Simon (2005) investigated the diversification benefits across international 

bond markets during high-stress periods in the financial markets. Their findings support the 



	 	 15 

view of available and not diminishing international diversification benefits. Similar to 

Cappiello et al. (2003), Kim et al. (2006), and Ciner (2007), they detected a time-varying 

property of correlation across major government bond markets. Also, in contrast to Clare and 

Lekkos (2000), they concluded that high-stress periods in financial markets coincide with 

low correlation. Similarly, Gilmore et al. (2015) found that during higher volatility periods 

the correlations between bond markets decreases. In the Asian context, Vo (2009) observed a 

changing pattern of the long-run relationship before and after the Asian financial crisis.  

 Similar to Cappiello et al. (2003), Hunter and Simon (2005) found different patterns 

of correlation in major bond markets. Moreover, they investigated the driving forces behind 

the asymmetry of correlations in bond markets returns and concluded that changes in the 

economic cycle and similarity in monetary policy might hold a good explanation for the 

phenomenon. In which correlation between international bond markets decrease in a 

recession period and rise due to monetary policy coordination. These findings were also 

supported by Gilmore et al., 2010 who investigate the bond market returns co-movement 

over twenty markets. Piljak (2013) extended the literature by examining the explanatory role 

of global and domestic macroeconomic factors, and bond market uncertainty on emerging 

and frontier bond markets returns co-movement with the US government bond market. In 

line with Cappiello et al. (2003) and Hunter and Simon (2005), he observed a considerable 

variation in correlation patterns for emerging and frontier markets. Further, he suggested that 

domestic macroeconomic factors especially monetary policy and inflationary environment 

have the most vital role in explaining the time variations in bond markets co-movements. 

Moreover, bond market uncertainty and global factors have a significant effect on bond 

markets co-movements dynamics. 
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Empirical Literature on Sukuk Market Linkages  

 The mixed evidence found in the bond market literature regarding the international 

diversification benefits and the increasing role of sukuk in the global capital market along 

with the aforementioned evidence about how it is a distinctive asset class from bond raised 

questions about its dynamic linkage with the bond market and its diversification potential for 

fixed-income investors in tranquil and crisis periods. 

 The empirical literature on sukuk linkage with other assets are growing, in this 

regards, some of the studies focused on the linkage between sukuk and equity markets. For 

instance, Dreassi et al. (2016) investigated the co-movement and volatility linkage between 

conventional global and regional stock indices with sukuk by applying DCC-GARCH model 

and found that sukuk in general exhibit lower volatility than found in equity markets. Further 

the regional volatility linkage and co-movement are higher within regional market than the 

global markets. Moreover, the volatility linkage and co-movement increased in high stock 

market volatility periods which contradict flight-to-quality phenomenon. On the other hand, 

by using wavelet analysis; a newly adopted methodology in finance that allow for time-

frequency analysis, Aloui et al. (2015 a) studied the linkages between the Gulf Cooperation 

Council (GCC) Islamic market assets and similarly observed that the co-movements between 

shariah stock and sukuk were affected by the financial crisis. Whereas stronger co-movement 

found between 2008 and 2009, then the degree of co-movement decreases and became very 

weak in 2013 and 2014. Moreover, their analysis showed evidence of time-varying co-

movement over frequency and time which implies of the existence of a time-varying 

diversification potentials for investors. However, by comparing the results obtained from 

long-horizon regression with Kim and ln (2007) results, they concluded that shariah stock-
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sukuk co-movement share a similar behavior with their conventional counterpart; in which 

they exhibit negative relationship over time and frequency.  

 In a subsequent paper Aloui et al. (2015b) further investigated the dynamic linkage, 

its determinants, and the volatility spillovers between GCC shariah stock and sukuk with an 

emphasis on financial crisis impact. Their results confirmed the negative linkage observed 

before, and the time varying characteristics of the relationship. Thus, unlike Dreassi et al. 

(2016) findings on conventional stock-sukuk, and similar to the pattern found in conventional 

counterpart the results referred to the presence of flight-to-quality phenomenon. These 

findings are in line with Balcılar et al. (2015), who reported a low degree of correlation 

between sukuk and conventional and Islamic stock markets that became negative during the 

2008 financial crisis showing evidence of flight-to-quality in Islamic markets and argued that 

sukuk could provide safety to stock investors in that period. Conversely and similar to 

Dreassi et al. (2016) and Dewandaru et al. (2013), Aloui et al. (2015b) found no evidence of 

flight-to-quality in Islamic markets; as they found positive linkage instead of a negative 

correlation between GCC Islamic equity and global sukuk. Therefore, pointed out that sukuk 

does not offer financial stability in times of economic downturn.  

 The weak correlation observed between sukuk and equity markets in Balcılar et al. 

(2015) study and the weak association with other markets found in Maghyereh and Awartani 

(2016) paper suggest that sukuk could provide significant diversification potentials for 

international portfolios. However, similar to Dewandaru et al. (2013), Maghyereh and 

Awartani (2016) pointed out that cautious must be taken as sukuk association with other 

markets increases in crisis thus hinders its protection capability in turmoil periods.  
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 Similar to the previous observation in Dreassi et al. (2016) and Aloui et al. (2015a), 

the findings of Aloui et al. (2015b) confirmed the contagion effect in time of crisis in which 

it largely affects portfolio diversification benefits. Moreover, they found that credit event 

information and crude oil prices are important global macroeconomic factors that can explain 

the time-varying correlation between GCC Islamic markets.  

 In the context of volatility spillovers, Kim (2013) examined the return and volatility 

linkages between Malaysian Islamic capital markets and conventional bond market during 

and after the 2008 financial crisis by conducting wavelet analysis. While no evidence of 

return transmission found between studied markets, unidirectional volatility transmission 

observed only from sukuk market to shariah stock market during the crisis, and not vice versa 

due to the repurchase of Government Investment Issue by Malaysian government at that time 

to enhance liquidity in the market. In a similar manner, Balcılar et al. (2015) investigated the 

risk transmission from developed and emerging (Islamic and conventional) equity and debt 

markets to sukuk markets and found different patterns of volatility transmission. Where 

positive spillovers observed from the developed stock market and emerging bond markets 

and negative volatility spillover found from emerging, Islamic stock, and developed bonds 

markets to sukuk markets. Suggesting that sukuk market is exposed to risk from developed 

and emerging markets. Moreover, the negative spillover from bond to sukuk markets could 

serve as an evidence of the difference between those markets. In a global context, Maghyereh 

and Awartani (2016) studied the returns and volatility transmission dynamics in global 

conventional and Islamic capital markets and concluded that unlike bonds, sukuk is a net 

receiver of return and volatility transmission from other markets which make it vulnerable to 

changes in the global volatility of equity and bonds markets.  
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 Another small strand of literature that closely related to this study investigated the 

linkages between Islamic and conventional Fixed Income markets to explore the possible 

diversification potential. By using data from conventional and Islamic sovereign bonds in 

Malaysia, Qatar, and Pakistan Cakir and Raei (2007) investigated the sukuk diversification 

potential by comparing VaR for conventional bonds portfolio with a portfolio that comprises 

both sukuk and bonds. They found that sukuk provides significant diversification benefit for 

bonds investors; as the introduction of sukuk in a bond portfolio significantly reduces the 

portfolio's VaR. They argued that the observed reduction in the VaR is due to different price 

behavior in those markets; which provide evidence of sukuk being a different type of asset 

than bonds. Hassan (2012) conducted the same study for Dubai and Malaysian and found 

similar results indicating of significant diversification potentials of sukuk due to its different 

price behavior on the secondary market. However, by comparing correlation within each 

market, he found that sukuk exhibits higher correlation than bonds, especially in turmoil 

periods. Which implies that investors bore greater risk if they invest in sukuk only compare 

to the risk from investing in bonds only, this is due to shariah compliant restrictions which 

limited the diversification options in sukuk market. To scrutinize diversification benefits 

available for sukuk investors within sukuk markets, Najeeb et al. (2014) studied the domestic 

and international portfolio diversification opportunities within Malaysian and GCC markets. 

By using wavelet analysis; a modern technique recently introduced to the finance field, they 

considered the time-varying property of the data and investigated different investment 

horizons. Accordingly, they found a low level of long-term correlation between local sukuk 

markets; implying available diversification potentials for hold-to-maturity investments. 

However, they argued that diversification potentials in international sukuk markets are 
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restrained due to the high long-term correlation observed between international currency 

sukuk issuance. Moreover, they found that correlation between domestic and international 

sukuk are low, therefore, allowing for international portfolio diversification benefits for 

sukuk investors. Nevertheless, similar to Dewandaru et al. (2013), Maghyereh and Awartani 

(2016), Aloui et al. (2015 a,b), and Dreassi et al. (2016), they noted that these diversification 

benefits do not hold in time of global economic disturbance as the cross markets association 

increased sharply limiting any potential benefits. Conversely, by conducting an extensive 

comparison of sukuk with corporate and sovereign bond's risk/return profiles, return 

distribution, and correlation during and after the financial crisis Paltrinieri et al. (2015) 

argued that sukuk exhibits lower correlation with other asset class and a have significant 

volatility-adjusted performance especially during the financial crisis, thus, providing 

significant diversification opportunities for institutional and long-term investors especially 

European investors. Further, they suggested that sukuk risk/return profile are more 

comparable to high yield bonds and emerging bond market due to the business cycle 

synchronization. 

Determinants of Time-varying Linkage between Asset Returns 

Several studies investigated the driving factors that can explain the financial market 

linkages. The most studied macroeconomics factors are the business cycle, inflationary 

environment, and the monetary stance.  The literature had used different measures as a proxy 

for those factors; some used measures that represent expectations about those factors (e.g., 

Li, 2002; Andersson et al., 2008), while others used simply the factors itself like consumer 

price index (CPI) for inflation, industrial production index (IPI) for business cycle, and 

interbank interest rate (IIR) for monetary policy stance (e.g., Dimic et al., 2016; Piljak, 2013; 
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Kiviaho et al., 2014; Asgharian et al., 2015). For financial uncertainty factors number of 

studies included stock or/and bond markets uncertainty (e.g., Dimic et al., 2016; Piljak, 2013; 

Andersson et al., 2008; Kim et al., 2006; Connolly et al., 2005).  

In the context of stock markets and stock-bond markets co-movement, the 

inflationary environment was found to be the most influential macroeconomic factor (Yang 

et al., 2009; Li, 2002, Andersson et al., 2008; Kiviaho et al., 2014; Dimic et al., 2016; 

Asgharian et al., 2015). The monetary stance also showed a significant role in explaining the 

time varying co-movement (Yang et al., 2009; Li, 2002; Dimic et al., 2016; Kiviaho et al., 

2014; Asgharian et al., 2015). While the business cycle found to be not significant or least 

influential for most of the studies (Yang et al., 2009; Li, 2002, Andersson et al., 2008; 

Kiviaho et al., 2014). For financial uncertainty factors, Andersson et al. (2008), Kim et al. 

(2006), and Connolly et al. (2005) found that stock market uncertainty showed a significant 

and negative relationship with stock-bond co-movement supporting the exciting of flight to 

quality; where investors flee to safer investments such bonds during the time of financial 

turbulence. In contrast, Dimic et al. (2016) found a different evidence in emerging markets, 

by applying the wavelet analysis approach they found significant, and positive relationship 

between stock market uncertainty and stock-bond correlation thus suggested that high stock 

market uncertainty has a negative effect on both bonds and stocks of emerging markets. 

However, the result for the US market was in line with the developed markets literature; in 

which they found a significant and adverse relationship between stock market uncertainty 

and stock-bond co-movement. Moreover, they extended the investigation by examining the 

effect of bond market uncertainty on the stock-bond co-movement and found a minor role of 
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bond market uncertainty in explaining the time variation in emerging stock-bond co-

movement but significant in the US case. 

  In the context of developed bond markets co-movement, Hunter and Simon (2005) 

investigated whether differences in business cycle conditions have predictive power over 

developed bond markets returns’ correlation. They found a negative association between 

business cycle conditions and the correlation between bond markets returns; which implies 

that larger divergence in economic conditions lowers the co-movement between bond 

markets. Thus, a high correlation between bond markets returns could be attributed to 

increasing in monetary policy coordination. Piljak (2013) investigated the impact of domestic 

and global macroeconomic factors on bond returns co-movement of emerging and frontier 

markets with US market by regressing the estimated dynamic conditional correlation from 

DCC-GARCH on macroeconomic factors. He found that domestic factors especially 

monetary policy and inflationary environment had more explanatory power over global 

factors, while domestic business cycle fluctuation is also important for several markets. 

However, in the global context, business cycle variation factor had the most influence over 

the dynamic co-movements. Finally, he argued that bond market uncertainty could be viewed 

as a driving factor for dynamic bond co-movement and suggested that other asset classes 

uncertainty may also influence bond market co-movement in emerging and frontier markets 

with US market.  

Kiviaho et al. (2014) and Dimic et al. (2016) investigated the driving factors of the 

dynamic co-movement between asset returns for different time horizon; in which they 

differentiated the high frequency (short term) from low frequency (long term) co-movement 

by regressing the estimated correlation from wavelet coherence on macroeconomic and 
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financial factors. Asgharian et al. (2015) investigated the impact of macroeconomic and 

financial factors on long-run correlation. Kiviaho et al. (2014) and Dimic et al. (2016) found 

that studied factors provide a better explanation for the co-movement at long-term horizons 

compared to short-term horizons. Similar to Piljak (2013), Kiviaho et al. (2014), argued that 

domestic macroeconomic factors hold more influence over stock return co-movement 

especially at short-term horizons than global macroeconomic factors. Whereas domestic 

monetary policy found to be the most influential factor in the short-term horizon, and the 

global monetary policy movements are the most influential in the long-term horizon. On the 

other hand, Dimic et al. (2016) found that in terms of stock-bond co-movement, the domestic 

monetary policy is the most influential factor in the short-run co-movement, while inflation is 

the most influential factor in the long-term. Also, they found that stock market uncertainty 

plays an important role in explaining both long-run and short-run co-movement. Asgharian et 

al. (2015), found that most of the investigated macroeconomic and financial variables such 

inflation, industrial production, short rate, default spread, S&P volume, producer confidence 

and consumer confidence are significant in explaining long-run stock-bond correlation when 

considered jointly with the lagged realized correlation. Following the literature, this study 

investigated the long- and the short-term driving factors of sukuk-bond co-movement. 

  



	

Chapter 3: Methodology 

This chapter presents the adopted methodology in which it first gives an overview of 

the research purpose, rationale, and the methods used to address the research questions. 

Then, it discusses the data used in this study. Finally, the chapter provides detailed 

information about econometrics methods used to answer the research questions. The 

econometrics methods used in this study are based on Kiviaho et al. (2014) study. 

Research Design 

The purpose of this quantitative research is to investigate the relationship between 

sukuk and bond markets to highlight the diversification potentials for institutional bond 

investors in sukuk market and provide information to policymakers about how the co-

movements between fixed-income market returns were affected by different market 

conditions. The study included the global emerging bond index to compare the 

diversification potentials available for institutional investors in sukuk market versus 

emerging bond market. Where sukuk viewed to be as a comparable asset to emerging bond 

market; in which the emerging countries are the main drivers of the sukuk market, such as 

Malaysia and GCC countries, and sukuk market shares some similarities with emerging bond 

markets in term of risk-return characteristics (Paltrinieri et al., 2015).  Furthermore, the study 

aims to examine whether if macroeconomic and financial uncertainty factors (e.g., bond and 

stock market uncertainty) could explain the time-varying co-movements between the studied 

markets.  

To address the study objectives and to answer its question, three econometrics 

methods were used. For the first method, Multivariate GARCH (DCC-GARCH) was used to 

measure the dynamic co-movements between fixed-income market returns in a time domain 
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aspect. Then, in order to provide a richer picture of the relation, the study extend the 

investigation into time-frequency domain by employing wavelet coherence method. Also, a 

wavelet phase difference was obtained to find the lead-lag relation between the markets. 

Finally, following the literature, the pairwise conditional correlations obtained from the 

DCC-GARCH model was regressed on explanatory factors, using Ordinary Least Square 

regression (OLS) (e.g., Andersson et al., 2008; Piljak, 2013; Kim et al., 2006b; Kiviaho et al., 

2012). 

Data  

The analysis conducted on a global level by using a USD monthly data from 

September 2005 to July 2016 for global sukuk, global bond, and global emerging bond 

collected from Dow Jones Sukuk Index, J.P. Morgan GBI Aggregate index, and J.P. Morgan 

EMBI Global Total Return Index, respectively, totaling 131 observations. Dow Jones Sukuk 

Index is a market value-weighted index designed to track the performance of global U.S. 

Dollar-denominated investment-grade bonds that are shariah compliant and serves as a 

benchmark for investors who are interested in shariah compliant fixed-income investment. 

While J.P. Morgan GBI Aggregate Index is a comprehensive index that consists of 

investment grade and high yield local currency government bond across developed and 

emerging markets. The index covers 37 countries and launched in October 2016 with 

historical data back to December 2001. Finally, EMBI Global is a comprehensive emerging 

market index that covers a wide universe of emerging markets. The index includes USD 

denominated sovereign and quasi-sovereign bonds, constructed using a market capitalization 

weighted method, and includes fixed and floating rate instrument. The index was launched in 

July 1999 with historical data back to December 1993. The global emerging bond index was 
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included to compare the diversification benefits available for international investors with a 

diversified bond portfolio from investing in sukuk compares to investing in emerging bond 

markets, also to compare the reaction of co-movement to the financial crisis. All the indices 

are total return indices; which means that reinvestment of coupon payments are considered 

when constructing the index. The starting point of the sample is September 2005 and was 

chosen in accordance with the launching day of Dow Jones Sukuk Index. Monthly frequency 

was used; because it is the highest frequency found for macroeconomics data. The data for 

these indices were obtained from the Bloomberg database. The study sample covered over 

ten years of financial history that included the 2008 global financial crisis, and the 2010 

European sovereign debt crisis. The returns were calculated by taking the log difference of 

the indices, and all variables were transformed to the log difference as follow: 

𝑅𝑡#$ = 𝐿𝑛(
𝑃#$
𝑃#,$+,

) 

Where the 𝑃#$ is the value of the index at I at time t for the ith variable.  

For studying the impact of macroeconomic and financial uncertainty factors on the 

co-movement between fixed-income markets, a monthly data of advanced economies’ 

consumer price index (CPI), industrial production index (IPI), and US three-month interbank 

interest rates LIBOR (IIR) were used as a proxy of inflationary environment, business cycle, 

and global monetary policy stance in advanced economies. Data of CPI and IPI obtained for 

advanced economies only; because emerging economies data were not available. The above 

data were retrieved from International Monetary Fund (IMF). CPI and IPI data used 2010 as 

a base year and a 100 as a base value. For financial uncertainty, implied volatility measures; 

Merrill Lynch Option Volatility Estimate MOVE Index, and Chicago Board Options 

Exchange CBOE volatility index VIX were used as a proxy for the global bond and stock 
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market, respectively. These measures were widely used in the literature as a proxy for 

financial markets uncertainty (for e.g. Ajmi et al., 2014; Piljak, 2013; Dimic et al., 2016). 

The data for both variables were obtained from Bloomberg database. The MOVE index is a 

yield curve weighted index of the normalized implied volatility on one-month Treasury 

options that represents the volatility estimates of future Treasury bond yield. While the VIX 

index is a stock market volatility measure that constructed based on S&P 500 Index and 

reflects the market estimate of future volatility over the next 30-day period. Similar to the 

fixed-income markets data the log difference was taken for all the variables to avoid any 

problem of different scale and stationarity. 

Econometrics Methods  

The first method used in this study is DCC-GARCH which provide information about 

the time-varying conditional correlation between two time-series over a period of time. DCC-

GARCH is a good measure for co-movement between time-series data in which it provides 

the most accurate estimation of time-varying correlation. As this method provides 

information only on two dimensions, this study extends the investigation by using another 

method, Wavelet Coherence; that adds one more dimension (the frequency) to the 

investigation, thus, providing a three-dimensional picture of the relation (co-movement). 

Also, a Wavelet Phase difference is used to provide information about the lead-lag 

relationship between the variables. Moreover, OLS regression is used for results from 

GARCH-DCC model; to investigate the impact of global macroeconomic and financial 

factors on the co-movement. The computations for DCC-GARCH and regression were done 

by using R software, while for wavelet coherence, MATLAB software was used.  
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In the following, the model description of DCC-GARCH is heavily based on Piljak 

(2013). Also, the description of wavelet model is heavily drawn from Grinsted et al. (2004) 

and Rua and Nunes, (2009). 

Multivariate GARCH(DCC-GARCH). Engle’s (2002) multivariate dynamic 

conditional correlation (DCC) model is one of the most used models for assessing the co-

movement between markets (Uddin et al., 2014). This model is an extension of the 

multivariate GARCH models family and can be considered as a generalized form of the 

Bollerslv (1990) constant conditional correlation (CCC) model (Engle, 2002). The DCC 

model maintains the flexibility found on univariate GARCH model and overcome the 

complexity of the conventional multivariate GARCH models. It provides a most accurate 

estimation for time-varying conditional correlation compares to other methods such as Scalar 

BEEK, Diag BEEK, Orthogonal GARCH, Integrated DCC models, etc. (Engle, 2002).  

The estimation of the DCC-GARCH model is done in two steps. In the first step, the 

univariate GARCH (1,1) model is estimated for all bond return series by the following 

equation  

ℎ#,$ = 	w# + 𝑎#𝜀#,$+,3 + 𝑏#ℎ#,$+,,						𝑖 = 1, 2, . . , 𝑛 (3.1) 

Where ℎ#,$ is the conditional variance, w is the constant, 𝜀#,$+,3 	is the lag of the squared 

residuals, or in other words the ARCH term, and ℎ#,$+,is the lag of the conditional variance; 

the GARCH term, and 𝑎# and 𝑏# are the coefficients that measure the ARCH and GARCH 

effects, respectively. The value of ℎ#,$ are obtained for each bond return series, then, the 

standardized residuals from the univariate GARCH model are used to estimate the 

parameters of the DCC in the second step.  
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Following Engle (2002), for (n´1) vector of bond returns, where rt is normally 

distributed with zero mean and Ht conditional covariance matrix, the multivariate DCC-

GARCH model can be specified as follow: 

𝑟$|Ω$+, ∼ 𝑁(0, 𝐻$) (3.2) 

𝐻$ = 	𝐷$𝑅$𝐷$  (3.3) 

Where Rt is 𝑛×𝑛  time-varying conditional correlation matrix (off-diagonal elements), Dt is 

the 𝑛×𝑛  diagonal matrix of conditional time-varying standard deviations of the returns 

from univariate GARCH models with ℎ#,$ in the ith diagonal, and Ω$+, is the information 

given at time t-1. The dynamic conditional correlation (DCC) is defined as follow: 

𝑞#C,$ = 𝜌#C 1 − 𝛼 − 𝛽 + 𝛽𝑞#C,$+, + 𝛼𝜀#,$+,𝜀C,$+, 

𝜌#C,$ =
𝑞#C,$

𝑞##,$ 𝑞CC,$
									𝑖, 𝑗 = 1, 2, …… . , 𝑛, 𝑎𝑛𝑑	𝑖 ≠ 𝑗 

 

(3.4) 

Where 𝜌#C is the unconditional correlation between the standardized residuals 𝜀#,$and 𝜀C,$, α 

and β are positive scalar parameters satisfying α +β <1 to ensure that the estimation from 

DCC model is mean reverting. 𝜌#C,$ is the conditional correlations between bond returns of 

market i and market j. As to the typical feature of non-normality in the financial time-series 

data the study employed a student-t multivariate distribution to have a better estimation of the 

results.  

Wavelet. 

 Introduction to wavelet through Fourier transform. The importance of multiscale 

analysis in economics and finance could be viewed from the fact that investors deal with 

various investment horizons (In and Kim, 2013), decision making and economic actions take 

place at different time scales (Schleicher, 2002), thus the relationship dynamic between 
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variables should vary over time and scale. Considering this dynamic variation may provide 

insightful and rich information that can be explained on theoretical grounds, and used to 

enhance forecasts accuracy (Schleicher, 2002), it may also provide a holistic understanding 

of the nature of the relationship between different variables. 

Traditionally, time-series data were analyzed in time domain, yet a useful insight into 

the characteristics of time-series could also be obtained from analyzing the data in a 

frequency domain; by viewing time-series as a signal and a sum of cyclical events in other 

word, waves of different frequencies and amplitude (Mustivaya, 2012). 

Wavelet analysis is a newly adopted technique in economics and finance (Gallegati, 

2008; El Alaoui et al.,2014).  Originally introduced in geophysics studies by Jean Morlet in 

early 80’s (Lau and Weng, 1995). Its attractive characteristics and features of being model-

free, not relying on parameters or estimation method, and its ability to handle stationary and 

non-stationary time-series rapidly increased its popularity and applications in many other 

diverse fields (Mustivaya, 2012) such as mathematics, signal and image processing, speech 

recognition, software design, meteorology, statistics, (Schleicher, 2002), engineering, 

physics, acoustics, and recently economics and finance (Gallegati, 2008). An introduction to 

wavelet analysis in economics and finance can be found in the following literature, Ramsey 

(2000) Ramsey (2002), Gençay et al. (2002), Schleicher (2002) Crowley (2005). 

Wavelets take their grounds from filtering methods and Fourier analysis, though it 

overcomes the limitations imposed by these methods. In which they can combine information 

from both time and frequency domains simultaneously into a single framework, without the 

need of strong assumptions regarding the data and without losing any information (Madaleno 

and Pinho, 2012). Schleicher (2002) describe wavelets by saying:  



	 	 31 

"Wavelets can be compared to a wide-angle camera lens that allows one to take broad 

landscape portraits as well as zoom in on microscopic detail that is normally hidden 

to the human eye." 

In Fourier transform, the signal is represented by the sum of sines and cosines 

functions (Lau and Weng, 1995; Gençay et al., 2002). Where, each of the sines and cosines, 

are a function of frequency thus, Fourier transform could be considered as a decomposition 

of data on a frequency-by-frequency basis (Gençay et al., 2002). It provides an alternative 

representation of time-series by presenting information as a function of frequency however it 

loses information in time (Gençay et al., 2002), therefore, cannot provide local information in 

respect to the time evolution of its characteristics (Lau and Weng, 1995). To overcome this 

issue, a windowed Fourier transform or short-time Fourier transform (STFT) was introduced; 

in which the data are split into constant intervals along time then, Fourier transform is taken 

for each interval separately (Schleicher, 2002). Even though this allows to investigate time-

series under time-frequency window, this method has several drawbacks thus it does not 

provide an accurate resolution (Lau and Weng, 1995; Gençay et al., 2002). Another 

drawback of Fourier transform is the restriction of stationary time-series which usually do 

not apply in most economic and financial time-series where they usually exhibit complicated 

patterns over time such trends, volatility clustering, and abrupt changes (Gençay et al., 2002).  

On the other hand, wavelet transform uses a basic function called mother wavelet that 

can be stretched and shifted with a flexible resolution to capture the time and frequency 

localized features. Unlike Fourier transform, wavelet transform has a good time and 

frequency resolution and can capture all the information in a time-series and link it with 

specific time horizon and location in time (see figure 6). Further, its ability to capture time 
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localized events makes it a perfect tool for analyzing non-stationary and transient time-series 

(Gençay et al., 2002). Moreover, wavelet transform has a unique zoom in property; in which 

high-frequency and short-lived signals, as abrupt changes can be localized in time while, 

low-frequency variability are more accurately resolved with relative ease in computation 

(Lau and Weng, 1995). Accordingly, in the context of financial data wavelet analysis can 

capture severe and transitory variation in price (Mustivaya, 2012). 

 

 

 

 

 

Wavelet analysis. Wavelets represent small waves in which they start and die at a 

finite point in time and thus have a defined number of oscillations and a certain length of 

time or space (Crowley, 2005). In wavelet transform, a dilation and translation of time-

localized mother wavelet y(t) result in a decomposition of time-series in term of elementary 

functions, called wavelets or daughter wavelets  yt,s (t), that expressed mathematically as a 

function of the time position t (translation parameter) and the scale s (dilation parameter), 

which is related to frequency (Lau and Weng, 1995; Rua and Nunes, 2009; Rua, 2010). 

yL,M 𝑡 =
1
𝑠
ψ

𝑡 − 𝜏
𝑠  (3.5) 

  Figure . Time-frequency windows used in (a)Fourier transform, (b) windowed Fourier transform 
and(c)wavelet transform. Adapted from Climate Signal Detection Using Wavelet Transform: How 

to Make a Time Series Sing, by K. Lau and H. Weng, 1995, Place of Publication 
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Where ,
M
 is a normalization factor that ensures the comparability of wavelet 

transforms across scales and time. Mother wavelet needs to fulfill following conditions of 

zero mean, square equal unity; to indicate that y(t) is restricted to a finite interval of time, 

and satisfy the admissibility condition; which implies that the original time-series could be 

reconstructed from its wavelet transform. The most popular mother wavelet is Morlet 

wavelet which is a complex sine wave within a Gaussian envelope defined as: 

y 𝑡 = 𝜋+
,
R	𝑒#TU$𝑒+

$V
3  

(3.6) 

where ω0 is the wave number, or in other word the dimensionless frequency, that set to 6 in 

practice to give a good balance between time and frequency localization especially when 

wavelet is used for feature extraction purposes (see, for example, Grinsted et al. (2004)). 

Wavelet transform has two classes; the Discrete Wavelet Transform (DWT) and the 

Continuous Wavelet Transform (CWT). Where DWT is mainly useful for noise reduction 

and data compression and CWT is better for feature extraction purposes (Grinsted et al., 

2004).  

Discrete wavelet transform of a time-series x(t) where t=1,..,N is defined as: 

where * denotes the complex conjugate. 

Continuous Wavelet Transform of a time-series x(t) with respect to ψ(t) is represented by the 

following: 

𝑊X 𝜏, 𝑠 = 𝑥 𝑡 yL,M
∗

[\

+\
𝑡 𝑑𝑡 =

1
𝑠

𝑥 𝑡 y∗
𝑡 − 𝜏
𝑠 𝑑𝑡

[\

+\
 

(3.8) 

𝑊X 𝜏, 𝑠 =
1
𝑠

𝑥 𝑡
]

$^,

ψ∗(
𝑡 − 𝜏
𝑠 ) 

(3.7) 
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Wavelet coherence. The aim of this study is to investigate the dynamic relationship 

between Islamic and conventional fixed-income market returns to explore any potential 

diversification benefit for international investors in these markets and to understand how the 

financial crisis could affect this relation. In this sense, coherence provides a useful tool that 

deals with fluctuating quantities; to indicate how closely two time-series x(t) and y(t) are 

related by a linear transformation across time and frequency (Madaleno and Pinho, 2012). In 

other words, the wavelet coherence measures how coherent the cross wavelet transform is in 

time-frequency space (Grinsted et al., 2004). Therefore, it can be used to measure the extent 

of co-movement between two time-series over time and across frequencies (Rua and Nunes, 

2009). With wavelet transforms Wx(τ,s) and Wy(τ,s) and * indicates complex conjugate, 

cross-wavelet spectrum can be defined as: 

𝑊X_ 𝜏, 𝑠 = 𝑤X(𝜏, 𝑠)𝑤X∗(𝜏, 𝑠) (3.9) 

Following Torrence and Webster (1999) wavelet coherency or also called wavelet squared 

coherency of x(t) and y(t) time-series is defined as: 

𝑅3 𝜏, 𝑠 =
|𝑆(𝑠+,𝑊X_(𝜏, 𝑠)|3

𝑆(𝑠+, 𝑊X 𝜏, 𝑠 3)𝑆(𝑠+, 𝑤_ 𝜏, 𝑠
3)

 
(3.10) 

Where S(.) denotes smoothing operator in both time and scale. The definition of squared 

wavelet coherency closely resembles the traditional correlation coefficient (Grinsted et al., 

2004). Thus, can be viewed as a correlation coefficient that is localized in both frequency and 

time (Grinsted et al., 2004). Wavelet coherency generates a graphical depiction that can 

capture time and frequency variation in the co-movement between two series, thus, providing 

a more informative picture. The value of squared coherency ranged from 0 to 1 as a higher 

value indicates stronger co-movement and lower value indicate weaker or no co-movement 

between variables. Another measure used with wavelet coherence is the wavelet coherence 
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phase difference that measures the lead-lag relationship between time-series. The phase 

difference is defined as bellow and represented by vectors: 

𝜙X,_ 𝜏, 𝑠 = 𝑡𝑎𝑛+,(
ℑ(𝑊X_ 𝜏, 𝑠 )
ℜ(𝑊X_ 𝜏, 𝑠

 
(3.11) 

Ordinary least square regression. Following the method used in the literature, the 

obtained conditional correlation from DCC-GARCH was regressed on the global 

macroeconomic and financial uncertainty factors by using OLS regression; to investigate the 

factors that could explain the fixed-income market co-movements. The studied factors are 

advanced economies’ inflation (CPI), and business cycle (industrial production index IPI), 

three months US interbank interest rate LIBOR (IIR), bond market uncertainty (MOVE), and 

stock market uncertainty (VIX) by the following model: 

𝜌#C = 𝛾 + 𝜕,𝑉𝐼𝑋	 + 𝜕3𝑀𝑂𝑉𝐸 + 𝜕m𝐶𝑃𝐼	 + 𝜕R𝐼𝑃𝐼 + 𝜕o𝐼𝐼𝑅 + 𝜀#C (3.12) 

Where 𝜌	is the estimated conditional correlation coefficient between the sukuk and bond 

returns and bond and emerging bond returns. According to Piljak (2013), a drawback of this 

approach is that it may induce errors-in variable problem. Thus, care must be taken with the 

obtained coefficients’ errors especially when significance is low. 

 

  



	

Chapter 4: Data Analysis and Empirical Results  

This chapter first discusses the data employed in this study, then reports the 

econometrics results from DCC-GARCH, wavelet coherence, and OLS regression. The first 

two models estimate the dynamic conditional correlation between fixed-income returns while 

the OLS estimate the linear relation between the dynamic conditional correlation and 

macroeconomic and financial uncertainty factors.   

Descriptive Analysis  

Figure 8 and Figure 9 presents the monthly price and the monthly return series for 

Global Sukuk, Bond, and Emerging Bond indices respectively. Table 1 reports the 

descriptive statistics of the return series of sukuk and bond indices for the period under 

investigation from September 2006 to July 2016. All the indices show positive average return 

over the sample period with the highest average return of 0.006 recorded for the global 

emerging bond index. Based on the value of standard deviation, the global emerging bond 

index is more volatile than the sukuk and global bond indices. All the bond and sukuk indices 

are negatively skewed; which implies of longer left tail of the distribution compare to the 

right tail, and shows leptokurtic distributions of returns. These results are supported by the 

Jarque-Bera results which reject the null hypothesis of normality for all the return series. The 

descriptive analysis suggests that sukuk index shares some similarity with emerging bond 

index.  

Table 2 presents the unconditional correlations between all the studied variables. The 

correlation between global sukuk and bond indices are positive ranging from 0.22 to 0.70 

with highest correlation 0.70 found between global sukuk and emerging bond indices; 

confirming the similarity suggested from the descriptive analysis, and the lowest correlation 
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between global sukuk and global bond. The financial uncertainty variables VIX and MOVE 

have a moderate negative correlation with all bond markets returns ranging from -0.16 

between stock market uncertainty VIX and global bond returns to -0.52 between VIX and 

global emerging bonds. While macroeconomic variables showed a weak correlation with all 

bond markets returns, ranging from 0.04 to -0.32. 

 

 
Figure . Plot of Global Sukuk, Bond, and Emerging bond index monthly price 
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Figure . Plot of monthly log returns of Global sukuk, Bond and Emerging bond index 

 
 Sukuk Bond EBond 

Observations 130 130 130 

Min -0.1543162 -0.049393 -0.161238 

Max 0.0875413 0.070988 0.074814 

Mean 0.0002921 0.003459 0.006062 

std.dev 0.02164252 0.01857474 0.02546222 

Skewness -2.54096072 -0.09618607 -2.34477127 

Kurtosis 26.368665 4.035703 16.603012 

Jarque.bera 3097.9*** 6.0108** 1121.433*** 

ARCH LM-test 15.752 24.835** 6.5943 

Q (5) 20.969*** 3.1739 9.8712* 

ADF -5.2933*** -4.0768** -4.4809** 
Table . Descriptive statistics of log returns of global sukuk, Bond and Emerging bond indices 
ARCH LM-test; calculate the Lagrange multiplier test for conditional heteroscedasticity of Engle (1982), at 12 lags 
with chi square distribution, Null hypothesis: no ARCH effects, df=12, Q (5) is the Ljung-Box Q-statistic of order 5 to 
test for autocorrelation. The lag value is determined by log length of the series which suggested to provides better 
power performance. The null hypothesis is no serial correlation. ***, **, and* are for 1%,5% and 10% significant 
level respectively. 
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 Sukuk bond Ebond VIX MOVE CPI IPI IRR 

Sukuk 1.00               
Bond 0.23 1.00       

EBond 0.70 0.52 1.00      

VIX -0.26 -0.16 -0.52 1.00     

MOVE -0.17 -0.22 -0.39 0.41 1.00    

CPI 0.15 -0.04 0.05 0.04 -0.02 1.00   

IPI 0.04 -0.07 -0.11 0.00 0.04 0.12 1.00  
IRR 0.05 -0.32 -0.07 0.15 0.11 0.10 0.10 1.00 

Table . Unconditional correlation 

Table 3 shows the descriptive statistics of the log difference of macroeconomic and 

financial uncertainty variables. The data are not normally distributed except for industrial 

production index as evidence from statistically significant Jarque-Bera coefficients. The 

stock and bond markets uncertainty and the industrial production index shows moderate 

positive skewness while inflation and short-term interest rate are negatively skewed. The 

kurtosis value for all variables except for industrial production index are larger than three 

which demonstrate a leptokurtic distribution. According to Augmented Dickey-Fuller test, all 

variables are stationary. 

 
 VIX MOVE CPI IPI IRR 

Observations 130 130 130 130 130 

skewness 0.6049567 0.84564190 -0.63288273 0.2445484 -0.963847 

kurtosis 4.189478 5.492109 4.854413 2.915133 7.975302 

ADF -5.8789** -5.9418** -5.1936** -4.2231** -3.9497** 
Table . Descriptive statistics of log difference of macroeconomic and financial uncertainty factors 
***, **, and* are for 1%,5% and 10% significant level respectively.   
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 Empirical Results  

DCC-GARCH results. In this section, the dynamic co-movement of sukuk and bond 

returns and bond and emerging bond returns were obtained by applying the DCC-GARCH 

model. Table 4 present the estimation results given by (3.1) and (3.4) equations. The 

coefficients of 𝛼 and 𝛽 in the DCC equation are positive, and the sum of 𝛼 and 𝛽 (0.8828) is 

less than unity, thus indicating mean-reverting nature of the dynamic correlation process. 

Moreover, the significance of 𝛼 and 𝛽 implies of dynamic and time varying co-movement 

between the market’s returns. The significance of DCC test indicates that the use of the 

model is justified. The significance of mshape indicates the appropriateness of selecting 

multivariate distribution over normal distribution. 
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 Table  DCC-GARCH estimation 
Figures in parentheses are standard errors. ***, **, and* are for 1%,5% and 10% significant level respectively. 
DCC test is a test of non-constant correlation with null hypothesis of Constant Probability, the reported value is 
test statistic. 

Figure 10 and 11 depict the evolutions of dynamic conditional correlation between 

global sukuk and bond returns and global bond and emerging bond returns over the period 

from September 2005 to July 2016, respectively. The figures show that correlations between 

market returns are not constant and vary over time. Moreover, the figures demonstrate some 

variation in the pattern of dynamic conditional correlation across the investigated markets. 

Table 5 presents the descriptive statistics of the estimated dynamic conditional correlations 

for sukuk-bond, bond-emerging bond and sukuk-emerging bond. The correlations between 

 
ℎ#,$ = 	w# + 𝑎#𝜀#,$+,3 + 𝑏#ℎ#,$+,,						𝑖 = 1, 2, . . , 𝑛 
𝑞#C,$ = 𝜌#C 1 − 𝛼 − 𝛽 + 𝛽𝑞#C,$+, + 𝛼𝜀#,$+,𝜀C,$+, 

  Sukuk Bond EBond 

 w# 0.000003 
(0.000061) 

0.000021    
(0.000017) 

0.000111    
(0.000066) 

GARCH 
parameters 

(Conditional 
Variance) 

𝑎# 0.453307 
(0.328557) 

0.125155    
(0.081339) 

0.270573    
(0.200763) 

𝑏# 0.545693 
(0.619294) 

   0.825787***   
(0.072750) 

  0.557427**    
(0.245317) 

skew      0.826423 ** 
(0.312251) 

   0.825554***   
(0.130675) 

   0.708260***    
(0.079245) 

 shape      4.116239*** 
(0.925287) 

13.981099   
(15.508169) 

4.837489*    
(2.402581) 

DCC 
parameters 

𝛼 0.086456* 
(0.045917) 

𝛽    0.796420*** 
(0.079451) 

Joint mshape     6.040361 *** 
(1.208907) 

DCC Test  16.85559*** 
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the studied markets were mostly positive over the sample period. Where negative correlation 

only found between global sukuk and bond for a short period of time. The global sukuk and 

bond returns exhibited moderate time-varying conditional correlation over the sample series, 

ranging from -0.24 to 0.62. Before the occurrence of the financial crisis the sukuk and bond 

markets had a low negative correlation that range between -0.24 and -0.07. While in the time 

of financial crisis, the co-movement between the sukuk and bond returns showed a gradual 

increase until the end of the financial crisis in December 2009. The same behavior was 

observed during European sovereign debt crisis, however, the co-movement has been 

increasing since and that might be attributed to the overlapping with the Arab Spring which 

started in December 2010 till present. The peak of conditional correlation observed in 2013. 

While from the end of 2010 until present the co-movement between sukuk and global market 

has been strengthening, suggesting available but decreasing diversification benefits for fixed-

income institutional investors in sukuk markets.  

 Sukuk-Bond Bond-EBond Sukuk-EBond 

Observations 130 130 130 

Min -0.245 0.266 0.484 

Max 0.622 0.742 0.913 

Mean 0.309 0.527 0.726 

std.dev 0.162 0.096 0.088 

Table . descriptive of estimated dynamic conditional correlation 
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Figure . Dynamic Conditional Correlation of Sukuk and Bond 

 
Figure . Dynamic Conditional Correlation of Bond and Emerging Bond 
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On the other hand, Global bond and emerging bond returns had an average 

conditional correlation of 0.53 over the sample period and ranged between 0.27 and 0.74. 

Suggesting stronger co-movement compared to sukuk and bond case; which indicate of less 

diversification potentials for fixed-income institutional investors compared to the 

diversification potentials found in sukuk markets. The co-movement between global bond 

and emerging bond returns was on average strong and had been strengthened over the last six 

years.  Similar to the pattern found in sukuk and bond co-movement, the period before the 

financial crisis exhibited the lowest correlation between global bond and global emerging 

bond markets. While on the time of financial crisis, the correlation became stronger, where in 

the case of global bond and global emerging bond it returned to its level before 2008. 

Moreover, in respect to the European sovereign debt crisis, the co-movement showed an 

increasing trend that continued until today. 

Figure . Dynamic Conditional Correlation of Sukuk and Emerging bond 
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Figure 12 shows the dynamic co-movement between sukuk and emerging bond 

returns. The very strong correlation between the markets returns provided further evidence 

about the similarity between sukuk and emerging bond features. Where the dynamic co-

movement between those markets ranged between 0.91 and 0.48 and had an average of 0.73. 

In conclusion, the results suggested the existence of time-varying nature of co-

movement in bond and sukuk markets that investors should consider in their asset allocation 

strategy. Overall, the co-movement between sukuk and global bond returns were found to be 

less strong than the co-movement between bond and emerging bond returns suggesting a 

better diversification potentials in sukuk markets. Moreover, policy makers and investors 

need to be cautious as crisis and turbulence in the markets do strengthen the co-movement 

between markets.   

Wavelet coherence results. In this section, the results from wavelet coherence and 

wavelet phase are presented for sukuk-bond, bond-emerging bond, and sukuk-emerging bond 

to assess and compare the cross-market co-movement and capture the led-lag relationship 

(market dynamic) between the variables in the time-frequency space. A three-dimensional 

contour plot represents wavelet coherence; where the horizontal axis refers to time and the 

vertical axis refers to frequency (investment horizon) represented in days’ unit, and the third 

dimension is the coherency which represented by colors. The contour represents wavelet-

squared coherency, the bold black line represents 5% significant level estimated from Monte 

Carlo simulations of 10,000 sets, and the coherency ranges from blue which indicate low 

coherency to red which means high coherency between markets returns. The area with strong 

co-movement in time and frequency space imply lower benefit of international portfolio 

diversification (Uddin et al., 2014). The direction of the relation is determined by the phase 
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difference; which represented by the black arrows. If the arrows are pointing to the right, this 

indicates that the returns are positively correlated, and we say that they are in phase. While if 

arrows are pointing to the left the time-series are considered anti-phase and negatively 

correlated as they move in opposite directions. The upward pointing arrows indicate that 

second time-series leads the first while downward facing arrows indicate the leading role of 

the first time-series. The names of the indices in the coherence plots are ordered accordingly, 

for instance, the first name present the first time-series and the second name present the 

second time-series. Hence, if the arrows are upward-right pointing; the second time-series is 

leading the first, and both are said to be in the phase. While if the arrows are downward-left 

pointing; the first time-series is leading and the second is lagging and said to be anti-phase. 

Wavelet analysis allows to assess the degree of the co-movement over time and across 

frequencies, thus capturing time-varying feature of the relationship if exists between fixed-

income markets. In the analysis, short investment horizon considered as the fluctuation 

between 64 to 128 days (two to four months) while long horizon considered as the 

fluctuation between 256 days and 1024 days (one and four years); due to the relatively small 

sample period of almost ten years.  

Figure 13 shows the dynamic relationship between sukuk and bond over time and 

frequency space. The results for the phase difference shows almost homogeneous 

relationship across frequency and time in which it indicates that sukuk and bond market 

returns have in-phase positive co-movement for most of the time; where the bond is leading 

most of the time and across frequency, and lagging only in the short investment horizon 

between 64 and 128 bands for the period of 2006 and between 2011 and 2012. This is not 

surprising as bond are well-established market compare to sukuk market. For short 
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investment horizon (high-frequency periods), sukuk and bond shows in general low to 

medium coherence; which indicate high diversification potentials for short-term international 

institutional investors. However, for recent periods starting from 2013 the co-movement in 

the short horizons increases sharply and become closer to one. Moreover, for long investment 

horizon (low-frequency periods), the co-movement between sukuk and bond exhibits strong 

coherence in the band from 512 to 1024 days, while the band from 256 to 512 shows weak to 

low coherence in general, except for the period around the financial crisis. The frequency of 

more than four years (1024 days) is mostly out of the cone of influence representing 

insignificant statistical area however it shows low co-movement for the small area which on 

the cone of influence. The area corresponds to the financial crisis; late 2008 to the end of 

2009, shows some turbulence in the short-term co-movement; as the co-movement changed 

its magnitude from low to medium and strong co-movement. While for the long term, there is 

no profound effect of the financial crisis as the long term co-movement is mostly strong over 

the sample period except for the band from 256 days to 512 days where the financial crisis 

had an adverse effect on the co-movement where it increases and became negative. 

Accordingly, the financial crisis shows different impact over frequency. However, for 

European sovereign debt crisis the impact was mainly concentrated on the short horizon as 

the degree of co-movement increased, and the lead-lag relationship change; where the bond 

lagged in this period. Moreover, a high level of co-movement also observed for short-term in 

2013 which might be attributed to the turbulence in the bond market related to the 

announcement of U.S. Federal Reserve about tapering the quantitative easing program (see, 

Yousuf, 2013). 
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Figure 14 depicts the dynamic co-movement over frequency and time between the 

global bond index and the emerging bond index. From the first glance, a strong coherence 

could be observed over frequency and time for most of the sample period. The phase 

difference implies that almost for all time and frequency the relationship is in-phase. 

Wherein, the bond is leading for almost all the time and frequencies. The effect of the 

financial crisis found to be moderate in the short run and much stronger in the area between 

128-256 days. While the effect of the sovereign debt crisis is more profound on the short-

term; as the degree of co-movement increased significantly in the short-term. Moreover, 

similar to the coherence results of sukuk and bond, 2013 shows strong co-movement over 

frequency and time, and this can be related to the announcement of Federal Reserve 

Chairman Ben Bernanke about reducing the US quantitative easing program. 

Figure . Sukuk-Bond wavelet coherence 
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 Figure 15 presents the relationship between sukuk and emerging bond over time and 

frequency. In line with the DCC-GARCH results, the highest co-movement found between 

sukuk and emerging bond; which is expected due to the similar characteristics they share. 

The strongest impact of the financial crisis was observed on the sukuk-emerging bond case. 

As the co-movement exhibit a significant and strong increase across all frequencies that 

started to decay after the financial crisis. Also, in the time of the European sovereign debt 

crisis between 2010 and 2012 strong co-movement was observed in both long and short-term 

which started later in the short-term. Moreover, similar to the other cases, the sukuk-

emerging bond had a strong co-movement in 2013 mostly in the short-term frequency. 

However, the strong co-movement pattern continued to the end of the sample period; which 

support the view of diminishing diversification potentials due to increasing linkage between 

Figure . Bond-Emerging Bond wavelet coherence 
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financial market over time. The results from phase difference show that for most of the time 

Emerging bond leads the relation while there are some episodes where sukuk lead.  

 

 

 
In general, all the inspected markets showed an increasing trend in the short term 

(high frequency) co-movement at the latter part of the sample; after 2013 and strong pattern 

of co-movement in the long term especially in the 512-1024 band. Overall, the strongest co-

movement found between sukuk and emerging bond and the least co-movement found 

between sukuk and bond. 

Impact of macroeconomic and financial uncertainty factors. This section provides 

an examination of the factors that might cause the time variations in the correlations between 

asset market returns based on the evidence found in the literature. The estimate of dynamic 

Figure . Sukuk-Emerging Bond wavelet coherence 
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conditional correlation from the DCC-GARCH model regressed on the expected determinant 

factors by using Ordinary Least Square regression. 

Table 6 reports the results for stationarity of the dependent variables, where for both 

variables, the null hypothesis of non-stationarity was rejected at 5% significant level. Figures 

16, 17, 18 and 19 provide a graphical presentation of the models residuals in order to test the 

regression models assumptions. The histogram of residuals and the quantile-quantile (Q-Q) 

plot of both models showed that residuals distribution is very close to normal distribution and 

have zero mean. Moreover, the residuals vs fitted and the sale location diagnostic plots for 

both models indicate that models met the homoscedasticity assumption of the residuals. 

Finally, the residuals vs leverage plot shows that there are no outlying cases. 

Table 7 contains the estimation results from (Eq., 3.12); a regression model that links 

the dynamic conditional correlation of sukuk and bond and bond and emerging bond with a 

number of global macroeconomic factors and global financial uncertainty factors. 

DCC conditional correlation Sukuk - Bond Bond - EBond 

Augmented Dickey-Fuller Test  -3.5804** -3.5748** 

Table . Stationarity test 
***,**, and* are for 1%,5% and 10% significant level respectively. 

 
 
 
 
 
 
 
 
 

 
 

 
 
 

Figure . Histogram of sukuk-bond model residuals Figure . Histogram of bond-emerging bond model 
residuals 
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Figure . Diagnostic plots for sukuk-bond model 

Figure . Diagnostic plots of bond-emerging bond model 
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Table . Ordinary Least Square Regression results 
Figures in parentheses are standard errors. .***,**, and* are for 1%,5% and 10% significant level respectively. 
 

For the sukuk and bond co-movement, only CPI have a statistically significant impact 

on the dynamic co-movement at 5% level. The sign of the CPI coefficient suggests a negative 

relation between inflation and co-movement. The model has low explanatory power as most 

of the studied variables are statistically insignificant. However, the overall fit of the model is 

significant evidence from significant F-statistic.  

On the other hand, for bond and emerging bond co-movement, none of the variables 

have a significant impact on the co-movement, and the model has no explanatory power.  

This chapter first discussed the data employed in this study, then report the 

econometrics results from DCC-GARCH, wavelet coherence, and OLS regression. The first 

two models estimate the dynamic conditional correlation between fixed-income returns while 

the OLS estimate the linear relation between the dynamic conditional correlation and 

macroeconomic and financial uncertainty factors.  

Sukuk-Bond g VIX MOVE CPI IPI IIR 

Estimate 0.33405***    
(0.01539) 

-0.06977    
(0.06972) 

-0.02226    
(0.09577) 

-18.12173***   
(5.17059) 

0.13989    
(0.28966) 

0.11865    
(0.11454) 

R-squared 0.09937      

Adjusted R-
squared 0.06305      

F-statistic 2.736**      

Bond-EBond g VIX MOVE CPI IPI IIR 

Estimate 0.532602 ***  
(0.009520) 

-0.037658   
(0.043122) 

-0.006111   
(0.059233) 

-4.028975   
(3.198037) 

0.016195   
(0.179154) 

0.010111   
(0.07084) 

R-squared 0.01969      
Adjusted R-

squared -0.01984      

F-statistic 0.4981      



	

Chapter 5: Discussion and Conclusion 

This study investigates the dynamic co-movement of International Islamic and 

Conventional fixed-income markets by using two advantageous econometrics models; DCC-

GARCH and wavelet analysis. Further, it investigates the determinants of the dynamic co-

movement by using regression analysis. This chapter discusses the findings of those models 

and concludes the study. Finally, it provides recommendations for future studies. 

Discussion 

Findings from both models DCC-GARCH and wavelet coherence are consistent and 

in line with the literature, as they provide evidence of time-varying nature of international 

fixed-income market returns co-movement. Where the evidence from wavelet coherence 

support the idea that the returns co-movement is not only time-varying but also scale 

“frequency” dependent; as the co-movement vary considerably between frequencies and over 

time. These variations should be taken into consideration by investors and policy makers in 

their decision making especially about investment and risk management. Moreover, the 

results from both models show evidence of different co-movement patterns across the 

investigated markets. Furthermore, both models suggest that higher diversification potentials 

observed between global sukuk and bond markets; as they exhibit the least degree of co-

movement, ranging from medium to low co-movement for most of the sample period and 

across frequencies with the only exception found for the frequency between two and three 

years (512-1024 days). Which suggest that investing in sukuk market provide fixed-income 

institutional investors with better diversification option than diversifying by investing in 

emerging bond market. The evidence from wavelet coherence supports the findings of Smith 

(2002) and Ciner (2007) of limited diversification benefits in the long term for international 
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investors within fixed-income markets; as the degree of the co-movement tend to be stronger 

for long investment horizon especially within 512-1024 days’ frequency. However, due to 

small sample size cautions must be taken in interpreting the results; as a low degree of co-

movement observed within the cone of influence for the frequency higher than four years 

(1024 days) in the case of sukuk-bond and bond-emerging bond. Moreover, similar to Smith 

findings, the results suggest that diversification potentials are higher within short-term 

investment horizons. However, wavelet coherence plots show that the co-movement in the 

short-term had increased considerably in the last years supporting the view of diminishing 

diversification potentials. This results also supported by DCC graphs as the dynamic co-

movements exhibit an increasing trend over the later period of the sample. 

Regarding the co-movement during stress periods, the results of both DCC-GARCH 

and wavelet coherence are similar to Najeeb et al. (2014), Dewandaru et al. (2013), 

Maghyereh and Awartani (2016), Aloui et al. (2015 a,b), and Dreassi et al. (2016) findings 

on sukuk association with other markets in stress periods, in which it suggest that the 

association between sukuk and bond market increases substantially during disturbance 

periods affecting the diversification benefits. Similar findings are recorded for bond and 

emerging bond co-movement which is in line with Clare and Lekkos (2000) findings for 

international bond markets. These findings might be attributed to contagion effect.  

The results from studying the impact of macroeconomic and financial uncertainty 

factors on the returns co-movement showed that in the case of sukuk-bond co-movement, 

only inflation has significant and negative explanatory power over the time-varying co-

movement. This result is in line with the literature as inflationary environment was 

considered to be the most influential macroeconomic factor in assets returns co-movement 
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(e.g. Yang et al., 2009; Li, 2002, Andersson et al., 2008; Kiviaho et al., 2014; Dimic et al., 

2016; Asgharian et al., 2015.  Suggesting that change in advance economics inflation 

adversely affect the co-movement between sukuk and bond markets. While in contrast with 

the bond market co-movement literature, there is no evidence of significant impact on the co-

movement by interbank interest rate LIBOR, advanced economic IPI, bond and stock market 

uncertainty. 

While for bond-emerging bond case none of the studied variables showed any 

significant power. Suggesting that global factors; such inflationary environment of advanced 

economics, changes in advanced economics business cycle, global monetary policy stance 

and stock and bond market uncertainty do not provide an explanation of the changes in co-

movement between emerging and global bond markets. The insignificant results might 

suggest that emerging markets factors are more relevant in assessing the dynamic returns co-

movement within global and emerging bond markets. Therefore, the findings of this study 

are in contrast with Piljak (2013) findings on the role of macroeconomic and financial 

uncertainty factors in explaining the dynamic co-movement variation; as most of the studied 

factors were found to be insignificant.   

Conclusion Limitations and Recommendations 

The assessment of international co-movement of financial market is crucial due to the 

valuable information it provides to investors and policy makers that could help in making 

informed decisions about risk management and investment. This study filled the gap in the 

literature of international fixed-income market linkage by investigating the co-movement 

between global Islamic and conventional fixed-income markets. The study employed two 

advantageous econometrics methods DCC-GARCH and wavelet coherence to answer the 
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research questions about nature of the co-movement and how its react to different shocks to 

shed light on the diversification potential in sukuk market and to add to the knowledge of 

fixed-income market returns linkages. Where a higher degree of co-movement indicates less 

diversification potentials and when coincide with market turbulence indicate less ability to 

provide hedging against risks. Then, the study investigates the impact of macroeconomic and 

financial uncertainty factors to explore the determinants of the dynamic co-movement. 

By using data on global sukuk, bond, emerging bond from September 2006 to July 

2016, our results provide evidence of time-varying nature of co-movement also suggest that 

the co-movement is not only time-varying but also scale dependence as the co-movement 

varies significantly across different frequencies. Moreover, the results suggest that co-

movement is least found between sukuk and bond market returns suggesting that sukuk 

provide the most diversification potentials for fixed-income investors. However, during 

turbulence periods, the market returns association increases thus limiting the diversification 

benefits. Little evidence was found regarding the determinants of the dynamic conditional 

correlation as most of the studied factors were insignificant in explaining the variation of the 

market returns co-movement; where only inflation had a significant impact on sukuk-bond 

co-movement.  

Limitations. This study conducted on global data from September 2005 to July 2016, 

therefore, the results should be treated with caution as it might not be valid for 

generalization. Also, the study employed monthly data, thus the results might be affected by 

this choice; which was made due to data availability on macroeconomic factors. The 

availability of data and the time constraints were the main limitation for this research.  
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Recommendations. Several extensions can be made to this study for further research. 

For instance, the co-movement analysis could be extended to cover other contexts than global 

context where data on domestic fixed-income markets could be used to investigate whether 

the results of this study could be held in other contexts. Also, the use of daily data will 

provide a more accurate picture of the co-movement instead of monthly data. Furthermore, in 

terms of investigating the determinants of the dynamic co-movements other proxies could be 

used for macroeconomic factors, for example, the expectation about macroeconomic 

variables. Moreover, considering domestic factors as they suggested to have a more 

prominent effect on return co-movement. Another recommendation is to investigate the 

effect of the dynamic co-movement in the VaR of a sukuk-bond portfolio. 
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