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ABSTRACT 

While numerous studies have investigated the impact of oil prices on the stock 

market, Chapter 2 is the first to examine the association between corporate bond yields 

and oil returns. We examine the association between oil-returns and corporate bond yields 

of four major U.S. industrial and financial sectors (including thirteen sub-sectors). 

Chapter 3 examines the reaction of stock markets in the U.K. and the Netherlands to a 

major composite event in the oil industry – the merger of the Royal Dutch Shell (RDSA) 

and the BG Group (BRGYY) on April 8, 2015, and the subsequent discovery of oil in 

southern England on April 9. 

We employ an exponential autoregressive conditionally heteroskedastic 

(EGARCH (1, 1)) framework in both Chapters, which allows for asymmetry of the 

effects between positive and negative external shocks including oil return shocks, shows 

the  effects on both the yields/stock returns and their volatilities, and permits the 

persistence of the shocks to be measured.  

Three main results are obtained in Chapter 2. First, oil returns are significantly 

associated with the yield levels of corporate bonds issued in ten out of the thirteen sub-

sectors considered within the oil-substitute, oil-related, oil-user, and financial services 

sectors. The three exceptions are the Petroleum Refinery, Building, and Chemical sub-

sectors. Second, the return volatilities of corporate bonds issued in the Plastic & Rubber 

sub-sector demonstrate asymmetric responses to positive and negative shocks. To 

elaborate, negative shocks lead to lower volatility in the Plastic & Rubber sub-sector than 

positive shocks of the same magnitude. Third, the half-life, or the time it takes for the 

volatility of the portfolio of bonds in the Industrial Machinery sub-sector to move 



 iv 

halfway back to its conditional mean after a shock is introduced, is 8.6 months. For bonds 

in all other sub-sectors, the half-life is less than 2.5 months.  

We obtain several results in Chapter 3. First, the composite event of merger and 

oil discovery generated significant abnormal returns in six out of the thirteen sub-sectors 

considered in the U.K. and three out of ten sub-sectors in the Netherlands. The remaining 

seven sub-sectors in the U.K. and the other seven sub-sectors in the Netherlands show no 

sensitivity in returns to the shock. Second, there is evidence of some information leakage 

about the composite event as demonstrated in the significant abnormal returns for Coal, 

Oil & Gas Extraction, Depository Institute, Chemical and Plastic & Rubber sub-sectors in 

U.K. and Coal, Depository Institute and Air Transportation sub-sectors in the Netherlands 

up to three days before the announcement of the composite event. Third, the behavioral 

patterns of four of the thirteen sub-sectors considered in the U.K. and four of the ten sub-

sectors considered in the Netherlands demonstrate asymmetry in response to external 

shocks to their respective returns. 

These results have three main implications. First, investors holding bonds issued 

by the two sub-sectors with asymmetric oil shock effects need to add bonds from oil-

related and oil-substitute sectors to lower the volatility of their bond portfolio because the 

latter do not exhibit asymmetry. Second, considering the overall finding of sensitivity to 

oil price changes, institutional investors need to examine the sensitivity of their bond 

portfolios to oil return changes and to guard against excessive risk. Similarly, 

corporations should monitor oil price variations and hedge the volatility risk accordingly. 

Finally, stock investors in the U.K. and the Netherlands might benefit from monitoring 

the key events that may affect the oil supply and oil prices, and acting accordingly. 
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CHAPTER 

1 LITERATURE ON THE RELATIONSHIP BETWEEN OIL PRICES AND 

STOCK/BOND MARKET 

 

Stocks and bonds are vital sources of financing for corporate projects. They also 

serve as principal channels for transmission of monetary policy to the real economy.  

Investors in stocks and bonds are compensated based on a variety of risk factors to which 

they are exposed. There is considerable evidence that oil price fluctuations exert a strong 

impact on the stock and bond markets at the aggregate, as well as sectoral, levels (Duffee, 

1998; Elyasiani et al., 2011; Ramos & Veiga, 2011; Jones & Kaul, 1996; Kilian & Park, 

2009; Driesprong et al., 2008; Koutmos & Booth, 1995; Balke et al., 2002; Loungani, 

1986; Davis, 1987; Elyasiani & Mansur, 2013; Bernanke et al., 1997; Bernanke et al., 

2005).    

This chapter reviews the literature relevant to subsequent Chapters 2 and 3, and 

highlights the contribution of each chapter. The literature review is divided into two 

sections. Section 1 reviews the literature examining the relationship between oil prices 

and stock and bond markets. Section 2 provides a brief overview of the Generalized 

Autoregressive Conditionally Heteroskedastic (GARCH) models and explains why an 

Exponential GARCH (EGARCH) model is chosen in Chapters 2 and 3 of this 

dissertation, over the basic GARCH framework of analysis, and why Maximum 

Likelihood estimators (ML) are used over Quantile Maximum Likelihood estimators 

(QML).  
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1.1 Literature Relating Stock and Bond Markets to Oil Prices 

1.1.1 The Effect of Energy Prices on the Aggregate Stock Market 

The literature on the relationship between oil prices and financial markets is 

largely focused on the association between oil price changes and stock returns at the 

national level (e.g., Ramos & Veiga, 2011; Jones & Kaul, 1996; Kilian & Park, 2009; 

Driesprong et al., 2008).  Jones and Kaul (1996) were among the first to analyze the 

reaction of international stock markets to oil price shocks. These authors used quarterly 

data from 1947 to 1991 for four national stock markets (U.S., Canada, Japan, and U.K.)  

and a single equation framework to examine the relationship between current oil prices, 

lagged oil prices, and real stock returns. They found that positive oil price shocks lead to 

stock market declines. Several authors subsequently confirmed Jones and Kaul’s result 

using datasets from other countries with different data frequencies (Sadorsky, 1999; 

Papapetrou, 2001). Sardosky (1999) used monthly aggregate stock market data from 

January 1947 to April 1996 and found that both the oil price level and volatility affect 

real stock returns, although the reverse is not true, using a vector auto-regression 

framework. He also found that volatility shocks have asymmetric effects on the economy 

– positive oil volatility shocks have a larger effect on real stock returns than negative 

ones of the same magnitude. Papapetrou (2001) was the first to examine the relationship 

between oil price movements, stock prices, interest rates, and industrial production in a 

medium sized oil-importing country (Greece). He used monthly data from January 1989 

to June 1996 to test the relationship within a multivariate vector-autoregression modeling 

framework and found that oil prices play an important role in determining inflation-

adjusted real stock returns.  
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These papers bear several weaknesses. First, the Jones and Kaul’s modeling 

approach assumes a constant variance for stock returns – an assumption rejected by a vast 

number of studies. Another weakness common in these papers is that they neglect 

sectoral differences. Some sectors may be more sensitive to negative volatilities than 

positive volatilities. A third weakness is that these authors neglect the effect of bond 

features such as rating, maturity, callability, etc. on stock returns. 

Ramos and Veiga (2011) found that the stock markets in oil-consuming nations 

(with no oil production) are affected by oil prices differently from the stock markets in 

oil-exporting nations. They selected 18 countries for their study based on oil dependency 

and availability of stock market data. The oil consumers included Australia, Belgium, 

Finland, France, Germany, Greece, Ireland, Japan, the Netherlands, Portugal, Spain, 

Sweden, and Switzerland. The oil exporters included Canada, Columbia, Mexico, 

Norway, and Russia. They collected monthly return data from December 1988 to June 

2009 to test the relationship between oil price level and oil price volatility and stock 

returns under a GARCH framework. They found that increases in oil price level and 

volatility have a negative effect on pure oil consumers and a positive effect on oil 

exporters and vice versa. Their study did not differentiate between oil price increases and 

decreases regarding the effect on stock returns; this limitation arises from the use of the 

GARCH model.   

 

1.1.2 The Effect of Energy on Sectoral Stock Markets 

The literature on the effect of oil price fluctuations at the sectoral level is much 

more limited, than that at the aggregate market level. In these studies, oil prices are found 
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to have differential impacts on both the level and the volatility of sectoral stock returns in 

the U.K. and U.S. (Falzon & Castillo, 2013; Elyasiani et al., 2011; Faff & Barailsford, 

1999; Nandha & Faff, 2008; Arouri & Nguyen, 2010; Arouri, 2011). Falzon and Castillo 

(2013) found that different sectors of the U.K. and U.S. economies demonstrate similar 

responses to oil price shocks. Elyasiani et al. (2011) investigated the relationship between 

oil price changes and thirteen sub-sectors of the U.S. economy. They found that eight out 

of thirteen sub-sectors are indeed affected by oil price shocks. In terms of the direction of 

the impact, these authors found that when oil prices rise, oil-substitute sectors (such as 

Coal and Electricity & Gas) and oil-related sectors (such as Oil Refinery and Oil 

Extraction) benefit, while oil-user sectors are likely to experience higher costs and, thus, 

weaker profit margins. Chapter 2 of this dissertation follows the same industry 

classification as Elyasiani et al. (2011), but examines the effects on the bond market, 

instead of the stock market, in the U.S. The bond market results shown in Chapter 2 offer 

an interesting comparison to those for the stock market presented by Elyasiani et al. 

(2011).  The finding is that a significant relationship between oil price returns and bond 

yields does exist in all thirteen sub-sectors, when lagged and contemporaneous oil price 

returns are considered. This is in contrast to Elyasiani et al. (2011) who considered only 

contemporaneous oil price returns. 

It is interesting to examine not only whether oil prices affect stock return levels, 

but also how persistent the effect of the shocks will be. The persistence of a shock can be 

measured by the half-life (HLS) of a shock (Engle & Bollerslev, 1986; Elyasiani et al., 

2013). The half-life of a shock measures the time it takes for the stock return volatility to 

move halfway back towards its unconditional mean after deviating from it as a result of 
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the shock (Elyasiani et al., 2013). Elyasiani et al. (2013) identified the half-life for nine 

sub-sectors of the U.S. stock market, which exhibit significant impacts in response to the 

oil price movements. Using the same definition of half-life, Chapter 2 identifies the half-

lives for twelve of the thirteen sub-sectors of the U.S. bond market considered, and 

discusses the reasons why these half-lives are similar or dissimilar to what was observed 

in the stock market.  

Several authors (Faff & Barailsford, 1999; Engle & Bollerslev, 1986; Nandha & 

Faff, 2008; Arouri & Nguyen, 2010; Arouri, 2011; Elyasiani et al., 2011) have analyzed 

the reasons why oil returns affect various industries differently. The main reasons are the 

role that oil plays in a given sub-sector (namely, whether it is a substitute, income source, 

or a cost component) and each sub-sector’s ability to pass the additional costs from rising 

oil prices to their customers (Faff & Barailsford, 1999; Arouri & Nguyen, 2010; Elyasiani 

et al., 2011; Falzon & Castillo, 2013). Given the sub-sectors’ varying responses to oil 

shocks, it is important for stock investors to diversify their portfolio with stocks from 

different sub-sectors and to monitor oil prices to be able to adopt appropriate hedging 

strategies. 

 

1.1.3 The Effect of Energy Price Shocks on The Bond Market 

While Duffee (1998) examined the relationship between oil prices and corporate 

bond yields for a few sector groups, no study has appeared on the fixed-income security 

markets at the individual sub-sector level. Unlike stocks, where there are databases of 

daily opening and closing prices available, there is no database which records the daily 

corporate bond prices on an ongoing basis, as the bond market is rather thin. Moreover, 
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bonds have different maturities and different attributes. Considering these factors, 

corporate bond yield data tend to be uneven relative to time. Examining the patterns of oil 

price effects on unevenly-spaced daily corporate bond rates at the firm-level is 

empirically challenging because most time series methodologies require evenly-spaced 

data. To circumvent this problem, the unevenly spaced daily data are aggregated here into 

a weekly frequency at the sub-sector level in order to carry out a time series analysis. 

Studying sub-sector level corporate bond yields is the closest way to mimic the research 

that has been conducted on the stock market effects of oil price fluctuations.  

Duffee (1998) was the first to look at bond returns at a sector group level, each of 

which is an aggregate of a few sectors. Duffee used data on 2,814 non-callable bonds 

from three sector groups (industrial, utility, and financial). These bonds were divided into 

48 groups based on four rating categories (Aaa, Aa, A, and Baa) and three bands of 

remaining terms of maturity (2-7 years, 7-15 years, and 15-30 years). This stratification 

further reduced the number of observations available for each sector group (on average, 

59 bonds for each group). Considering his work to be a good starting point, Chapter 2 

builds on Duffee’s research. This chapter employs a richer data set by increasing the 

number of bonds in each sub-sector and examines the relationship between oil price 

returns and corporate bond yields at the sub-sector level. 

 

1.1.4 Asymmetric Responses to External Shocks 

Asymmetry is said to be present when positive and negative shocks to stock 

returns have dissimilar effects in terms of magnitude on stock return volatility (Elyasiani 

et al., 2011). Understanding the nature of asymmetry and its sources is critical in 
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understanding the associations between external shocks and stock or bond returns – 

return volatility can become larger or smaller in response to shocks, and changes in 

volatility can, in turn, affect the choice of investors’ investment strategies. 

Understanding whether stocks or bonds issued by a particular sub-sector 

demonstrate a symmetric or asymmetric reaction to positive and negative shocks will 

allow investors to appropriately evaluate and hedge such risks. If stocks demonstrating 

symmetric reactions to external shocks are mistakenly assumed to have asymmetric 

reactions, the diversification benefits are likely to be weakened. Conversely, if stocks that 

demonstrate asymmetric reactions to the shocks or bonds are mistakenly classified as 

having symmetric reactions, the portfolio may be more volatile when shocks occur than 

predicted by the model. For example, if a stock or a bond is more sensitive to positive 

shocks than negative shocks of the same magnitude, but an investor anticipates the 

opposite to be true, then adding this stock or bond to a portfolio which is more sensitive 

to positive shocks will enhance the overall portfolio’s sensitivity to positive shocks, thus 

curtailing the diversification benefit. Knowledge of the appropriate risk level involved in 

different stocks or bonds after a shock occurs will allow stock investors to better 

determine the best investment and hedging strategies.  

While no study has examined the asymmetric responses of yield volatilities to 

positive and negative shocks, several studies have confirmed that stock markets respond 

asymmetrically to positive shocks and negative shocks in the sense that negative shocks 

alter stock return volatility to a different extent than positive shocks of the same 

magnitude. Asymmetry, so defined, is proven to exist in the stock markets in the Gulf 

Cooperation Council countries (Fouquau, 2009) and in the United States (Elyasiani et 
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al., 2013). Employing a different concept of asymmetry, Romas and Veiga (2011) found 

that oil price increases have asymmetric effects in the sense that they exert a negative 

effect on the volatility of stock markets of oil-dependent countries, but a positive effect 

on the volatility of stock markets of oil-exporting countries. 

Other studies have examined the dissimilarity of the oil price effects on the gross 

domestic product (GDP) and stock markets. Mork (1989) was the first to find that oil 

price increases and oil price decreases have different effects on GDP growth – oil price 

declines have much weaker effects on strengthening GDP growth, than oil price increases 

do in diminishing it. The rationale for the dissimilarity is as follows: when oil prices rise, 

the economy feels the pressure immediately and responds to it quickly by reducing 

consumption of energy-related products, resulting in reduced GDP growth.  However, the 

overall gains when oil prices decline are not as strong as the loss when oil prices rise 

possibly due to the confusion whether such decline is permanent or temporary, thus 

leading to the dissimilarity. The significant costs and delays associated with switching 

from the less energy-dependent sectors to more energy-dependent sectors delay the GDP 

growth because the unemployed workers in the former sectors may be unwilling to 

switch to the latter sectors in the hope that their own sectors may return to prosperity 

(Hamilton, 1988). As a consequence of this, the loss of labor in one sector is not fully 

compensated by the gain in the other sectors. This curtails the rate of GDP growth when 

oil prices fall.  

Mork, Olsen, and Mysen (1994) confirmed that GDP growth responds 

differentially to positive and negative shocks in the Organization for Economic Co-

operation and Development (OECD) countries, supporting the prevalence of asymmetry. 
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Moreover, there is some recent evidence that oil price changes affect oil demand at the 

country level differentially. As an example, Gately and Huntington (2001) examined 96 

of the world’s largest countries and found results consistent with those of Mork, Olsen, 

and Mysen (1994). The responses are dissimilar in magnitude in the sense that the 

aggregate demands in these countries respond much more strongly to oil price increases 

than to oil price decreases. Along the same lines, oil price increases are found to have a 

negative effect on the stock markets of oil dependent countries, but a positive effect on 

the stock markets of oil exporting countries (Romas & Veiga, 2010 & 2011).   

In summary, based on these studies, positive and negative shocks can have a 

differential impact on GDP growth, oil demand, and stock prices. The research described 

in Chapters 2 and 3 of this dissertation is the first to examine the asymmetric responses of 

the volatilities of the U.S. bond market and the U.K. and Dutch stock markets to oil-

related events. 

 

1.1.5 Source of Asymmetry 

Several authors have made efforts to explain the prevalence of asymmetric effects 

of shocks on the stock market (Koutmos & Booth, 1995; Bernanke et al., 2005; Balke et 

al., 2002; Loungani, 1986; Davis, 1987; Elyasiani & Mansur, 2013). These studies 

provide some useful ideas in predicting reactions in the bond market. Bernanke et al. 

(2005) argue that monetary policy conducted by the Federal Reserve Bank is the main 

source of asymmetric responses observed in the stock market to external shocks such as 

employment policy changes or fluctuations in exchange rates. The U.S. Federal Reserve 

has usually taken aggressive measures to fight rising inflation triggered by rising oil 
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prices, but responded less strongly and less speedily to unexpected declines in inflation 

triggered by oil price declines (Zare at al., 2013; Kilian, 2014; Bernanke et. al, 1997). 

Monetary policy can affect stock prices through two channels (Bernanke et al., 

2005). First, monetary policy directly affects the riskiness of stocks by altering the 

interest costs and the balance sheets of publicly owned companies, and consequently 

altering the expected equity premium that investors demand (Bernanke et al., 2005). 

Second, monetary policy may affect the willingness of stock investors to bear risk by 

bringing about easier or tighter market conditions and, thereby, altering the required 

equity premium, as a result. Bernanke et al. (2005) point out that it is also possible for 

changes in monetary policy to cause rising volatilities in excess returns due to 

overreaction of stock prices to monetary policies.  In terms of magnitude, a 25 basis-point 

cut in the Federal funds rate is found to lead to a 1% increase in the broad stock indices 

(Bernanke et al., 2005). However, there is no significant effect on the broad stock index 

following an increase in Federal funds rate. Elyasiani and Mansur (2013) suggest that 

asymmetry may come from dissimilar reactions of investors to the upward and downward 

movement in the market place. 

 

1.1.6 Determinants of Corporate Bond Returns 

Corporate bond returns are generally modeled using the default rate, recovery 

rate, taxes, Treasury rates, and book-to-market factors as explanatory variables (Liu et al., 

2009; Elyasiani et al., 2010; Deng et al, 2013; Deacle & Elyasiani, 2014). A missing risk 

factor in this model is the effect of oil returns on corporate bond yield level. Therefore, 

Chapter 2 models bond yield levels as determined by oil returns, interest rates, bond 
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ratings, maturity, and several other bond features such as convertibility, covenants, 

redeemablility, putability, and fungibility
1
. 

Moreover, several authors (Elyasiani et al., 2010; Deng et al, 2016; Deacle & 

Elyasiani, 2014) have found that other factors such as institutional ownership stability, 

hedging derivative, and bank reliance on advances from the Federal Home Loan Bank 

can also alter corporate bond yields. For example, Elyasiani et al. (2010) found that 

institutional ownership stability of a firm is negatively associated with its bond returns. 

Similarly, Deacle and Elyasiani (2014) reported that reliance of banks on advances from 

the Federal Home Loan Banks has a negative effect on the rate required on their bonds by 

the bondholders. Deng et al. (2016) found that hedging derivatives had a positive effect 

on bond returns during the non-crisis period and a negative effect during the financial 

crisis of 2007-2009. Hedging derivatives help reduce the interest risk and exchange risk 

of bank holding companies, thus lowering the costs associated with bankruptcy and 

financial stress (Deng et al., 2016).  

 

1.1.7 Spillover Effects 

There are three types of spillover effects associated with the topic of the current 

study: stock markets affecting oil prices, oil price movements influencing stock markets, 

and the net spillover effects of the mutual interactions between the two  (Lee et al., 2015). 

                                                 
1
 The following definitions are offered in the Mergent Corporate Bond Securities Database Dictionary 

(www.mergent.com): “convertibility indicates whether the issue can be converted to the common stock 

(or other security) of the issuer. Covenants indicate whether or not certain covenants are recorded in the 

dataset for the issue. The defaulted flag indicates that the issue is in default. The redeemable flag indicates 

that the bond is redeemable under certain circumstances. A put option provides the bondholder with the 

option, but not the obligation, to sell the security back to the issuer at a specified price and time under 

certain circumstances. The fungible flag denotes corporate bonds that are, by virtue of their terms, 

equivalent, interchangeable or substitutable to other corporate bonds of the same class. Fungible issues may 

be “reopened” in the future, on one or more occasions, increasing the total outstanding amount.” 

http://www.mergent.com/
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Chapter 3 of this dissertation evaluates only the second type. Another way of classifying 

spillover effects is to see whether there is a mean spillover, defined as the transmission of 

mean returns across countries, industries, or sectors, or a volatility spillover, defined as 

the transmission of return volatility across the same entities (Natarajan et al., 2014).  The 

latter can be further divided into own volatility spillover, where the past volatility of a 

market affects its current volatility, and cross volatility spillover, which means the 

volatility of one market affects the volatility of a different market (Natarajan et al., 2014). 

Chapter 3 focuses on the latter.  

There is evidence that oil-related events have a significant spillover effects on the 

stock market (Lee et al., 2015; Natarajan et al., 2014; Li, 2007). Oil-related events tend to 

have a stronger impact on oil-exporting countries than on oil-importing countries (Lee et 

al., 2015). It is conjectured that the impact of oil-related events on oil-importing countries 

are transmitted indirectly from the oil-exporting countries via the channel of oil price 

movements (Lee et al., 2015). Markets which are more open to international capital flows 

are more likely to have spillover effects, than markets which are more isolated (Natarajan 

et al., 2014). For example, the Dow Jones Industrial Average index has a strong spillover 

effect on other stock indices across the world (Natarajan et al., 2014), but the spillover 

effect is weaker for China (Li, 2007).  

There are significant spillover effects from one market to another (Joshi, 2011; 

Natarajan et al., 2014; Alikhanov, 2013). Dow Jones Industrial Average (DJIA) fell 29% 

on October 19
th

, 1987, which lead to 22.6% drop in the value of the stocks listed on the 

New York Stock Exchange, which further triggered a 45.5% decline in Heng Seng Index 

and a 26.5% decrease in FTSE 100 Index (Natarajan et al., 2014). This catastrophic day 
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prompted a lot of research on the spillover effects between stock markets. Alikhanov 

(2013) found that individual stock markets are more affected by the mean and volatility 

spillover from the U.S. than from the volatility spillover from European Union. The mean 

spillover from the European Union is found to be negligible (Alikhanov, 2013). Natarajan 

et al. (2014) also agreed with Alikhnov (2013) in the sense that the U.S. is the most 

influential country as they found strong mean and volatility spillover effects from the 

U.S. to Germany and Australia. The mean spillover is also evident among Asian stock 

markets such as India, Hong Kong, Japan, China, Jakarta, and Korea (Joshi, 2011). The 

volatility spillover effect is weak among these Asian stock markets indicating weaker 

linkages between Asian stock markets (Joshi, 2011). The current literature also explored 

the transmission channels of the spillover effects. It is found that the spillover effects can 

be partially explained by exchange rate fluctuations and not so much by total trade to 

GDP ratios (Alikhanov, 2013)  

The spillover effects are due to the prevailing interdependencies between different 

markets. Such interdependencies can be explained by the close financial and trade 

linkage in effect between  different economies, the transmission of overreaction to market 

news, herd instinct of trading, and the common use of trading strategies which involve 

using another market’s movements as a signal for a stock market that opens in a different 

time zone (Natarajan et al., 2014). Mistakes from one market will also transmit to other 

markets due to the contagion effect (King & Wadhwani, 1990). Using GARCH and 

vector auto regression (VAR) modeling, Engle et al. (1990) found that country-specific 

news affects multiple markets although the domestic news has the largest impact on 

exchange rates. Not only the stock price level, but also the stock price volatility will 
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transmit from one market to another (King & Wadhwani, 1990; Engle et al., 1990). 

However, it is argued that traders’ efforts to infer information from other markets have a 

less dominant effect on the market than public announcement of macroeconomic news 

(Harvey & Huang, 1991).  

 

1.1.8 Event Studies of Oil Price Effects 

Oil shocks are known to have a significant impact on stock returns. Kilian and 

Park (2009) report that, in the U.S., approximately 22% of the long-run variance in real 

stock returns can be attributed to global oil-related supply and demand shocks.  

Previous studies on oil-related events have tended to focus on the aggregate stock 

market returns, not sectoral returns, and no study has examined sectoral stock returns in 

the U.K. or the Netherlands for the effects of specific oil-related market events. For 

example, Berk and Rauch (2014) examined the influence of 35 announcements made by 

the Commodity Futures Trading Commission (CFTC) intended to prevent manipulation 

and speculation in the U.S. Oil & Gas sector. The authors found that U.S. stock returns 

did respond to the CFTC’s announcements and that the impact was particularly strong 

during the periods of high oil price volatility. Another example is the study by Humphrey 

et al. (2016), which examined the effect of British Petroleum (BP)’s 2010 Gulf of Mexico 

oil spill on U.S. stock returns.  

Patten & Nance (1998) examined the relationship between oil-related events and 

sectoral returns. Sabet and Heaney (2016) examined the impact of acreage and reserve 

acquisitions on Oil & Gas stocks. They found that acreage acquisition resulted in 1.22% 

premium in periods of high crude oil volatility than periods of low volatility although 
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there is no evidence that reserve acquisition had a significant effect on Oil & Gas stocks. 

The 1989 Alaskan oil spill was found to have had a positive impact on the petroleum 

industry as it increased wholesale and retail petroleum prices (Patten & Nance, 1998). 

However, it had a negative impact on some individual firms due to the threat of increased 

regulatory pressure after the oil spill. Some other studies  investigated the impact of 

energy-related events on sectoral stock returns of particular sectors of the U. S. stock 

market.  For example, Hill and Scheeweis (1983) found that nuclear generating utility 

stocks were negatively affected by the Three Mile Island nuclear accident, while the 

accident had no significant stock market impact for companies not generating nuclear 

power. Blacconiere and Patten (1994) found that Union Carbide’s 1984 Bhopal, India 

chemical leak reduced the stock returns of the Chemical sector. Cheng, Elyasiani and Lin 

(2009) found that that the lawsuit against mega-broker Marsh for bid-rigging and 

inappropriate use of contingent commissions had a negative impact on stock returns of 

the aggregate brokerage industry and individual brokerage firms (Cheng et al., 2009).  

 

1.1.9 Literature on Information Leakage 

Information leakage is a common phenomenon in the stock market. There is 

evidence of information leakage prior to announcement of public policy (Agapova and 

Madura, 2011) and company-specific information such as a share repurchase 

announcement (Hao, 2016) or a merger and acquisition (Aktas et al., 2001). Information 

leakage can unfairly benefit some agents in the stock market. Traders who receive the 

signal prior to the official announcement of the information can explore the information 

twice (Brunnermeier, 2005). They can adjust their trading strategy first when they receive 
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the information and later after the announcement is made as they know how much 

information has been incorporated in the pre-announcement price already. 

(Brunnermeier).    

 

1.2 A Review of Methodologies 

1.2.1  GARCH-Family Models  

Generalized Autoregressive Conditional Heteroskedasticity (GARCH) models, 

first proposed by Bollerslev (1986), are commonly used in the modern financial 

literature. The conditional variance in a GARCH specification is affected by past errors 

(shocks), called the ARCH effect, and the lagged value of volatility, called the GARCH 

effect. By setting the conditional variance equal to a constant and a positively-weighted 

average of past squared residuals, GARCH models can capture the volatility clustering 

phenomenon typically present in financial data. Volatility clustering means that large 

volatilities are usually followed by large volatilities and small volatilities are followed by 

small volatilities (Mandelbrot, 1963). This suggests that shocks have a persistent effect 

on the volatility of return.  

GARCH-family models include the basic GARCH, GARCH in the mean 

(GARCH-M), Threshold GARCH, Quadratic GARCH, Smooth Transition-GARCH, etc. 

GARCH-family models are superior to a single equation framework because they can: 

account for mutual interdependencies between the level of the dependent variable and the 

error terms by defining the variance of the error terms; address the possible endogeneity 

problem in the mean equation by modeling the conditional variance of the error term 

within the volatility equation in the system and provide more accurate measures of the 
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model coefficients (Cheng et al., 2011). Given that return and volatility of returns are 

interrelated, and that firms are able to tradeoff these two variables, exclusion of the 

volatility equation is overly simplistic and likely to distort the findings. 

According to Nelson (1991), all the GARCH-family models bear several 

weaknesses. First, GARCH models assume that only the magnitude, not the sign of 

shocks determines the conditional variance. This is not necessarily true in the real world 

as volatility tends to rise when excess return is lower than expected and falls when excess 

return is higher than expected (Nelson, 1991). Second, the non-negativity constraint on 

the parameters in the basic GARCH model guarantees that the conditional variance is 

always non-negative. This means that whenever the shock becomes bigger, the 

conditional variance is always going to increase, which means random oscillation is 

impossible given the parameter constraint. This is usually not true for financial data 

(Posedel, 2005). Third, GARCH models impose parameter restrictions that prevent the 

conditional variance from changing from one regime to another.  

 

1.2.2 Exponential GARCH (EGARCH) vs. Basic GARCH 

The GARCH family of models has been extensively used to analyze financial data 

such as stock market data, exchange rate data, and carbon futures data, etc. This 

framework is used in a very limited number of event studies including those by Elyasiani 

et al. (2013), Byun and Cho (2013), and Zakaria and Abdalla (2012). However, the 

Exponential Generalized Autoregressive Conditional Heteroskedasticity (EGARCH) 

model is superior to the basic GARCH model in several respects, especially when it is 

used to fit financial data. First, the EGARCH specification has the flexibility to allow 
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volatilities to respond asymmetrically to positive and negative shocks (Elyasiani et al., 

2013; Koutmos, 1995) whereas GARCH models assume that only the magnitude (not the 

sign) of the shocks determines the conditional variance or the volatility of the variable of 

interest. Second, the EGARCH specification relaxes the strict non-negativity constraints 

present in the linear GARCH models by parameterizing the logarithm of the conditional 

variance (Elyasiani et al., 2013). The non-negativity constraint in effect on the 

conditional variance in the GARCH model implies that, whenever the shock becomes 

larger, the conditional variance is always going to increase (Nelson, 1991), a condition 

which is not necessarily true for financial data. We use the EGARCH framework in 

studying the relationship between oil prices and corporate bond yields or stock market 

returns in Chapters 2 and 3 of this dissertation, respectively. 

 

1.2.3 Estimation Techniques: MLE vs. QMLE 

Most studies employing the EGARCH specification use the maximum-likelihood 

technique (MLE) to estimate the model parameters in the mean and the volatility 

equations. We follow this tradition in estimating the EGARCH models introduced in 

Chapters 2 and 3 (see the methodology sections in Chapters 2 & 3 for more details).  The 

underlying assumptions for this procedure are twofold; the error term is normally 

distributed and  only a subset of the population is available. MLE takes the mean and the 

variance of the observed sample and parametrizes the values in such a way that the 

observed results are the most likely scenario. A popular alternative to MLE is the quantile 

maximum-likelihood estimation (QMLE), introduced by Heathcote, Brown, and 

Mewhort (2002). QMLE uses parameter values that maximize the likelihood function of 
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the model specified (Speckman & Rouder, 2004). This technique is used mostly for 

grouped response time data where the groups are determined by quantiles (Heathcote, 

Brown, & Mewhort, 2002). QMLE is an appealing parallel estimator for grouped 

response data as it is more robust to outliers and entails shorter computational time by 

using only some of the observations (Heathcote, Brown, & Mewhort, 2002; Speckman 

and Rouder, 2004). We prefer to use all, rather than only some, of the observations so as 

not to lose the informational value of the full dataset. There is no statistical evidence that 

QMLE is more appropriate to estimate EGARCH models than MLE (Speckman and 

Rouder, 2004). It is argued that, when the residual terms in the volatility equation have a 

finite fourth moment, QMLE may produce more consistent estimates than MLE. 

However, the improved consistency comes with a loss of efficiency (Fan et al., 2014). 

QMLE is considered theoretically weak, with no proof of its asymptotic efficiency 

property (Speckman & Rouder, 2004). Using QMLE may increase the variance of the 

estimates, thus leading to less efficient estimates than MLE (Fan et al., 2014). In this 

study, models were also estimated using QMLE. However, serious convergence issues 

surfaced that rendered the results unreliable, compared to those produced by the MLE. 

Thus, QMLE results are not reported.  

 

1.3 Contributions 

1.3.1 Contributions of Chapter 2 

This chapter makesseveral contributions. First, this chapter investigates the 

association between oil price changes and the bond yields of different sub-sectors, an area  

previously overlooked despite the voluminous literature on the relationship between 
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stocks and oil. Examples of the latter literature include the work of Elyasiani et al. 

(2011), Ramos and Veiga (2011), Jones and Kaul (1996), Kilian and Park (2009), and 

Driesprong et al. (2008). The current study is the first to examine sectoral and sub-

sectoral effects of changes in oil returns on bond yields. Hence, it offers some interesting 

comparisons between bond and stock markets regarding oil price effects. 

 Second, this study uses an advanced methodology (EGARCH) which allows the 

effects of shocks on both yields and yield volatility to be measured within the same 

framework. Third, the extended EGARCH framework helps determine whether corporate 

bonds from different sub-sectors of the economy respond to positive and negative shocks 

asymmetrically, in the sense that positive and negative shocks of equal magnitude to bond 

returns generate dissimilar effects on bond return volatility (Elyasiani et al., 2013). 

Fourth, the choice of this framework permits us to investigate whether the effect of the 

shocks on the yield volatilities is persistent and durable, or short-lived. Fifth, this study 

uses sectoral corporate bond yields instead of the commonly-used aggregate market 

indexes. The use of aggregate data masks the inter-sectoral dissimilarities that may 

evolve from oil price effects and discards a wealth information embodied in the higher 

frequency data.   

This paper is the first to examine the asymmetry effect in the bond market. 

Understanding the nature of asymmetry and its sources is critical in understanding the 

associations between external shocks and bond returns.  Bond return volatility can 

become larger or smaller in response to shocks, and changes in volatility can, in turn, 

affect the choice of investors’ investment and hedging strategies. This study produces 
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several interesting policy implications for bond investors, regulators, and bond issuing 

firms that are affected by oil.  

 

1.3.2 Contributions of Chapter 3 

This chapter examines the effect on sectoral stock returns of two significant oil-

industry announcements, made one day apart from one another in 2015– the merger of 

the British Petroleum and the BG Group, and a major oil discovery in southern England. 

These effects have not been previously studied.  The first contribution of this study is the 

use of an advanced methodology (EGARCH) for the event study. The literature, by and 

large, uses a single equation mean model for this type of study. The use of a basic model 

implicitly assumes a constant variance for stock returns while a vast number of studies 

reject this assumption. As a result, the basic event study model does not allow an 

investigation of the effect of shocks on volatility patterns of sectoral stock returns.  

Second, this paper uses disaggregated sectoral stock return data instead of data on 

a market index. Using a market index is likely to over-simplify the impact because the 

sector-level effects are likely to counter-balance each other, thus weakening the overall 

effect. Oil can be an input, a substitute, or an output for each sub-sector, meaning that 

each sub-sector’s oil dependency is different, and the impact of an oil-related market 

event on each sub-sector can likewise be different. Using sectoral data also has an 

advantage over using firm-level data – the noise that typically exists in firm-level data is 

largely reduced, and this reduction is important considering that the corporate bond 

market is rather thin (the frequency of trading is not comparable with that of the stock 
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market). The sub-sector-level analysis has interesting policy implications for stock 

investors, bond issuers, firm managers, and regulators.  
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CHAPTER 

2 THE ASSOCIATION BETWEEN CORPORATE BOND YEILDS AND OIL 

RETURNS: A SECTORAL ANALYSIS 

 

2.1 Introduction 

Stocks and bonds are important channels for financing corporate projects and 

investors holding these assets are compensated based on the risk factors to which they are 

exposed. There is considerable evidence that oil price fluctuations exert strong but 

differential impacts on different sub-sectors of the stock market in terms of the direction, 

intensity, and asymmetry of the effect of positive and negative shocks (Elyasiani et al., 

2011; Ramos & Veiga, 2011; Jones & Kaul, 1996; Kilian & Park, 2009; Driesprong et al., 

2008). The effect of variations in oil prices on bonds, however, remains unexplored.  

The purpose of the current study is to fill this void in the literature. To this end, 

we explore the associations between yields of the bonds issued by different economic 

sectors and fluctuations in oil returns, in terms of strength of association, persistence of 

oil return shock effects on bond return volatility, and symmetric versus asymmetric 

effects of  positive and negative oil-return shocks on bond yield volatility.  

We make the following contributions. We fill the gap in the literature concerning 

the association between the bond market and oil price variations. This is the first paper 

that studies sub-sectoral effects of changes in oil returns on corporate bond yields. Hence, 

it offers some interesting comparisons between oil price effects on bond and stock 

markets. Second, we conduct our analysis within the Exponential Generalized 

Autoregressive Conditional Heteroskedasticity (EGARCH) specification. This 

specification allows the effects of the shocks on both yields and yield volatility to be 
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measured within the same framework. It also helps determine whether the yield volatility 

of the corporate bonds from different sub-sectors of the economy respond to positive and 

negative shocks asymmetrically, in the sense that positive and negative shocks of equal 

magnitude to bond returns generate dissimilar effects on bond return volatility (Elyasiani 

et al., 2013; refer to Section 2.1 and 2.2 of Chapter 1 for a detailed discussion on why 

EGARCH is appropriate for the current study and why the basic GARCH model is 

inadequate). External shocks can come from different sources. One possible source is oil 

price fluctuation. We will use oil price fluctuation as an example of external shocks to 

explain some of the results in this paper. Understanding the nature of asymmetry and its 

sources is critical to understanding the associations between external shocks and bond 

returns – bond return volatility can become larger or smaller in response to shocks, and 

changes in volatility can, in turn, affect the choices of investors’ strategies. The EGARCH 

framework also permits us to investigate whether the effect of external shocks on the 

yield volatilities is persistent or short-lived. Third, using the Akaike Information Criteria 

(AIC), the EGARCH specification employed here is compared against other GARCH-

family models to assess the suitability of our model and the robustness of our findings.  

We obtain several interesting results. First, oil returns are significantly associated 

with corporate bond yields in ten of the thirteen sub-sectors considered. Rising oil prices 

reduce corporate bond yields in the oil-substitutes and oil-related sectors while increasing 

bond yields in the oil-user sector. Second, external shocks have an asymmetric impact on 

corporate bond yields in the Plastic & Rubber sub-sector
2
. Third, the EGARCH 

specification adopted in the current study performs better than a more restrictive group of 

                                                 
2
 Asymmetry means that positive and negative shocks of the same magnitude to the volatility of corporate 

bond yields affect volatility differentially (Elyasiani et al., 2011). 
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GARCH-family models in the majority of sub-sectors based on the AIC. The EGARCH 

models, on average, have a lower AIC than the GARCH-family models across the 

thirteen sub-sectors considered. 

The remainder of this Chapter is organized as follows: Section 2 presents a brief 

literature review; Section 3 describes the data; Section 4 describes the methodology; 

Section 5 presents the empirical results and Section 6 concludes.  

 

2.2 Literature Review  

The literature on the relationship between oil prices and financial markets is 

largely focused on the association between oil price changes and stock returns at the 

national and sectoral levels (Elyasiani et al., 2011; Ramos & Veiga, 2011; Jones and 

Kaul, 1996; Kilian & Park, 2009; Driesprong et al., 2008). Chapter 1 reviews this 

literature. While much research has been conducted on the effect of oil price changes on 

stocks, none has appeared on the fixed-income security markets at the sub-sector level. 

The literature on the relationship between oil prices and the bond market is reviewed in 

Section 1.3 and 1.6 of Chapter 1. Duffee (1998) was the first to look at the association 

between sectoral bond returns and oil prices but his research was limited to a few sector 

groups and had a limited number of observations, rendering the results constricted. 

Considering his work to be a good starting point, we build on Duffee’s research and 

employ a much richer data set by increasing the number of bonds in each sub-sector and 

by examining the relationship between oil price returns and corporate bond yields at the 

sub-sector level. 
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Corporate bond returns are generally modeled using the default rate, recovery 

rate, taxes, market excess returns
3
, and book-to-market factors as explanatory variables 

(Liu et al., 2009). A missing risk factor in this model is the effect of oil returns on 

corporate bond yield level. Therefore, in the current study, we model bond yields as 

determined by oil returns, interest rates, bond ratings, maturity, and several bond features 

such as convertibility, covenants, redeemablility, putability and fungibility, as detailed in 

Section 4.3. Determinants of corporate bond yields are detailed in Section 1.6 of 

Chapter 1. 

Based on the current literature on stock returns and bond yields as detailed in 

Chapter 1, we expect oil price changes to exert an effect on corporate bond yields by 

affecting the supply and demand for bonds. One possible channel through which oil 

prices can affect corporate bonds is the substitution effect between stock and bonds 

(Hong et al., 2014). Investors are likely to switch from stocks to corporate bonds for safer 

returns when stock returns are negatively affected by oil prices. The change in the supply 

and demand of corporate bonds will ultimately lead to change in corporate bond yields. 

Oil prices can change a firm’s corporate capital structure which will, in turn, affect 

corporate bond yields. If changes in oil prices cause corporate capital structures to alter, 

these changes will affect the supply of bonds. Oil price movements could raise concerns 

about future inflation, translating into generally higher nominal interest rates and 

corporate bond yields, thus reducing the supply of corporate bonds. It is possible that 

some corporations (such as oil suppliers and firms in the oil-related sector) might benefit 

from increases in oil prices and will be able to float their bonds at lower bond yields. For 

                                                 
3
 Market excess returns are defined as market returns minus 3-month Treasury bill rate. 
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these companies, we may see higher need for borrowing, thus leading to higher supply 

among these firms.  

Oil prices are likely to trigger changes in trading strategies. If the portfolio 

managers dramatically alter their asset allocation schemes due to movements in oil 

prices, the adjustment will affect the demand for bonds. Since oil price increases elevate 

corporate risk, at least for some firms, risk-averse portfolio managers may turn to 

Treasury bonds in lieu of corporate bonds, which reduces the demand for bonds. As oil 

prices rise, some portfolio managers might perceive some of the issuing firms in a darker 

light in terms of profitability and risk, and, thus, they may postpone their investment 

decisions in these firms’ bonds, thereby leading to lower demand for bonds. The interplay 

of demand and supply factors as a whole results in displacement of corporate bond yield 

equilibria. 

 

2.3 Data  

2.3.1 Data Sources 

We use Mergent’s Fixed Investment Securities Database (FISD) and OTC 

Corporate Bond Transaction Data – Trade Reporting and Compliance Engine (TRACE)
4
 

as our data sources. We collect historical corporate bond yields over the period of 

July 2002 to June 2013. There are over 20.6 million daily observations (spanning thirteen 

sub-sectors and eleven years) which we aggregate into weekly data. Bonds with missing 

                                                 
4
 The bond data is non-seasonally adjusted daily data. The data are available when a bond is issued or when 

the terms and conditions of a bond are altered. Thus, it is not of fixed frequency. For more consistency, we 

aggregate the daily data to weekly frequency in order to reduce noise and solve the spacing issues (the 

available daily data is not evenly spaced out). A week is defined as a time period that starts on Sunday and 

ends on Saturday. 
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yields are removed from the current data sample. In addition, bonds denoted in foreign 

currency are excluded from the study to remove the influence of foreign exchange rates. 

Finally, bonds whose SIC industry codes do not fall in the 13 sub-sectors studied in this 

paper are removed, leaving a total of 13,550 bonds and 15.7 million observations under 

consideration. Table 1 contains detailed information on the number of bonds and issuers 

in each of the thirteen sub-sectors. We combine the bond issues of different ratings and 

maturities. Aggregated ratings and remaining time to maturity are added to the model as 

explanatory variables to account for variations in these bond features. Although 

aggregation precludes the analysis of the behavior of the individual bonds, the resulting 

much larger sample size allows the sectoral differences to be examined.  

 

Table 1 – Sector Details 

Sector Sub-Sector Number Of Issues Number Of Issuers 

Oil-Substitute 
Coal 46 14 

Electricity & Gas 2075 433 

Oil-related 
Oil & Gas Extraction 714 207 

Petroleum Refinery 170 51 

Financial 
Depository Institute 5899 454 

Insurance 2358 158 

Oil-user 

Industrial Machinery 403 103 

Transport equipment 364 78 

Plastic & Rubber 48 23 

Chemical 1005 181 

Air transportation 194 64 

Building 139 23 

Metal 135 45 

Note:  This table shows the number of issues and issuers in each of the thirteen sub-

sectors included in the sample. The number of issues in each sub-sector is large enough 

to represent sectoral bond returns.  
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Bond attributes, or the provisions and restrictions contained in the bond indenture, 

are important determinants of the value of the bond (Merton, 2012). We include 

aggregated sector-level bond attributes in our regressions. Bond attributes used here are 

from FISD. Bond transaction data and industry classification codes are from TRACE. 

The first-differenced ten-year interest rate data are from the St. Louis Federal Reserve 

bank’s web site. Crude oil prices are from the Energy Information Administration (EIA).  

 

2.3.2 Data and Summary Statistics 

We examine corporate bonds issued in thirteen industry sub-sectors in this study, 

which can be categorized into four sectors – Oil Substitute, Oil Related, Financial 

Services, and Oil User. Table 1 identifies these sub-sectors and describes the number of 

bond issues in each. It is important to ensure that enough bond issues and firms are 

included in each sub-sector before using an aggregation of individual bond yields as a 

proxy for sectoral bond yields. If the number of firms is small, the aggregated bond yields 

will not be a good representation for sectoral return. As described below, the number of 

issuers in all thirteen sub-sectors is large enough to allow a reliable set of results. To be 

specific, there are 1,834 issuers and a total of 13,550 issues in the 13 sub-sectors, with an 

average of 141 issuers and 1,042 issues in each. The Depository Institution sub-sector 

contains the largest count (454 issuers, 5899 issues), while the Coal sub-sector has the 

smallest (46 issuers, 14 issues). Still, the number of firms is large enough, and the type is 

diverse enough, that the weighted average return from these firms can be reasonably used 

as a proxy for the sub-sectoral return.  
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2.3.3 Variable Construction 

The variable of main interest is the yield on corporate bonds at the sub-sector 

level. For an individual bond, the yield to maturity (YTM) is defined as the effective rate 

of return, expressed as a percentage. It is assumed that all coupon payments are 

reinvested at the same rate as the bond’s current YTM. Analytically, the YTM can be 

derived from the following relationship: 

𝐵𝑃 = ∑
𝐶𝑘

(1 + 𝑌𝑇𝑀)𝑘
+

𝐹

(1 + 𝑌𝑇𝑀)𝑛

𝑛

𝑘=1

 

In this relationship, BP = Bond price; 𝐶𝑘  = the annual coupon payment; F = the 

par value of bond or call premium; and n = number of years until maturity. Daily price 

data is aggregated into weekly frequency by taking the volume-weighted average price 

for each week as the price for that week in order to derive the yield. The volume-

weighted average yield is then calculated as the yield for that week.  

Interest rates have been used extensively in studies on the relationship between oil 

price fluctuations and stock market return (Bernanke et al., 1997; Lee et al., 2012). We 

use the ten-year Treasury bond rate as a proxy for the borrowing cost of capital for 

government, or the risk-free rate. Riskier companies need to pay a premium over the risk-

free rate to their bond holders because the chances of them defaulting on their bonds are 

higher. Oil return is defined as the logarithmic ratio of oil prices in the current week and 

the previous week.  

Consistent with Deng et al. (2014), bond letter ratings are converted to numeric 

ratings and used as a measure of credit risk. The highest rating ‘AAA+’ is assigned the 

numerical value 23 and the lowest default ratings (DDD, DD and D) are collapsed into 

one rating and assigned the numerical value 1. We assume that the rating for each bond 
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remains the same until it changes to a different rating by a rating agency. Daily ratings are 

first averaged to weekly ratings. Weekly ratings are then aggregated at the sub-sector 

level by taking the volume-weighted average across all issues within that sub-sector (see 

Table 2 for ratings for all thirteen sub-sectors).  

The remaining time to maturity of a bond is an important determinant of bond 

yield as longer maturity bonds are more exposed to interest rate and default risks. The 

range of variation in the remaining time to maturity variable is wide – a minimum of less 

than 6 years and a maximum of 9 to 28 years (Table 2). Coal, Electric & Gas, Oil & Gas 

Extraction, Petroleum Refinery, Insurance, and Transport Equipment sub-sectors tend to 

have longer terms to maturity (15-18 years). Depository Institutions, Building, and Plastic 

& Rubber sub-sectors have slightly shorter terms to maturity (9-10 years).  

A crisis dummy is used to examine the impact of the 2007-2009 crisis on 

corporate bond yields. Following Deng et al. (2014), this variable takes a value of one 

between July 2007 and June 2009 and zero otherwise
5
. To examine the cross-effect of 

changes in oil returns and the presence of a financial crisis, an interaction term (slope 

shift), 𝑅𝑜𝑖𝑙𝑖,𝑡−1 ∗ 𝐷_𝐶𝑟𝑖𝑠𝑖𝑠 is also included in the mean equation, in addition to the 

intercept shift dummy due to the crisis. The intercept crisis dummy shows the change in 

bond yield during the crisis, whereas the interaction terms help determine to what extent 

the effect of oil shocks on bond yields was altered during the crisis.  

                                                 
5
Two Bear Stearns hedge funds specializing in mortgage-backed securities collapsed in July 2007, which 

marked the beginning of the 2007 financial crisis. On June 25th, 2009, American Insurance Group (AIG) 

gave the Federal Reserve Bank of New York preferred interests in its two largest life insurance units 

outside the United States - American International Assurance, or A.I.A., and American Life Insurance 

Company, or Alico - in exchange for a reduction in its debt to the latter by 25 billion dollars. The stock 

market rebounded around the same time. The agreement between AIG and the Fed in 2009, along with the 

concurrent pickup in the stock market, marked the end of the 2007-2009 financial crisis (Deng et al., 2014).  
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Table 2 – Summary Statistics of Selected Variables  
Panel A, Yield & Rating 

Variable  Sector Sub-sector N Mean SD Max Min 

Yield 

Oil-

Substitute 

Coal 232 7.14 2.15 16.44 2.75 

Electricity & Gas 569 6.21 2.09 15.64 3.03 

Oil-

related 

Oil & Gas 

Extraction 

569 5.53 1.33 12.98 2.75 

Petroleum Refinery 569 4.48 0.95 7.53 2.14 

Financial Depository Institute 569 4.36 1.39 14.87 2.02 

Insurance 569 4.83 1.96 17.39 1.83 

Oil-user Building 475 7.96 2.91 22.18 3.90 

Chemical 569 4.43 1.34 14.40 1.91 

Plastic & Rubber 545 8.39 3.03 21.05 2.24 

Metal 569 5.60 1.28 13.67 3.15 

Industrial 

Machinery 

569 4.36 1.21 14.24 2.39 

Transport 

Equipment 

569 7.29 3.44 22.75 2.65 

Air Transportation 478 11.51 7.07 24.93 2.72 

          

Rating 

Sector Sub-sector N Avg Rating SD Max Min 

Oil-

Substitute 

Coal 231 9.1 B+ 1.88 10.95 0.83 

Electricity & Gas 567 12.4 BB+ 2.68 15.24 1.25 

Oil-

related 

Oil & Gas 

Extraction 

567 13.8 BBB 2.96 18.85 0.62 

Petroleum Refinery 567 15.0 BBB+ 2.98 18.49 0.97 

Financial Depository Institute 567 17.0 A 3.25 19.57 2.73 

Insurance 567 15.9 A- 3.40 21.02 1.01 

Oil-user Building 473 9.6 BB- 2.63 15.00 0.01 

Chemical 567 15.8 A- 3.09 19.17 1.16 

Plastic & Rubber 541 7.9 B 3.13 18.00 0.16 

Metal 567 13.6 BBB 3.09 17.69 0.54 

Industrial 

Machinery 

567 16.0 A- 3.27 18.97 1.50 

Transport 

Equipment 

567 12.0 BB+ 3.06 16.20 0.98 

Air Transportation 473 8.2 B 4.72 22.00 0.00 

Note:  The summary statistics for key variables – Yield, rating and remaining time to 

maturity are listed below for each of the thirteen sub-sectors. Ratings go from 1 to 23, 

corresponding to ratings D/DD/DDD to AAA+. 
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Table 2 – continued 

Panel B, Maturity to date – Remaining Time to Maturity 

Sector Sub-sector N Avg Years SD Max Min 

Oil-

Substitute 

Coal 232 11.8 4.4 27.8 4.4 

Electricity & Gas 569 10.0 2.7 17.8 3.1 

Oil-related 
Oil & Gas Extraction 569 13.8 3.5 23.9 2.7 

Petroleum Refinery 569 9.7 2.9 18.7 2.2 

Financial 
Depository Institute 569 5.0 1.5 8.6 1.8 

Insurance 569 10.7 4.3 26.2 1.2 

Oil-user 

Building 475 4.4 2.1 15.1 0.1 

Chemical 569 9.3 3.1 20.2 1.8 

Plastic & Rubber 545 6.3 2.3 15.6 2.6 

Metal 569 7.2 2.8 15.5 2.4 

Industrial Machinery 569 8.5 2.7 17.6 2.2 

Transport Equipment 569 12.8 3.7 22.7 5.2 

Air Transportation 478 6.2 3.8 19.8 0.0 

 

 

Corporate bonds denoted in a foreign currency (5,245 of 325,856 or 1.61% of the 

bonds in the sample
6
) are filtered out to avoid potential impact from the change in 

exchange rates. Corporate bond yields in all 13 sub-sectors are stationary based on the 

Augmented Dickey Fuller and Phillips Perron Test (Table 3).  

 

  

                                                 
6
 Please note the filtration is done as the first step of the data cleansing process. Additional data points were 

eliminated if they do not belong to any of the 13 sub-sectors considered or if bond yields are negative or 

non-numerical (some yield values were mistakenly recorded as ‘-‘.  
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Table 3 – Unit Root Tests of Corporate Bond Yields by Sub-sector 

Sub-sector Test Tau (no lags) Pr < Tau 

Coal 
ADF -3.720 0.004 

PP -3.720 0.004 

Electric & Gas 
ADF -5.499 0.000 

PP -5.499 0.000 

Oil & Gas Extraction 
ADF -9.806 0.000 

PP -9.806 0.000 

Petroleum Refinery 
ADF -5.665 0.000 

PP -5.665 0.000 

Depository Institute 
ADF -3.786 0.003 

PP -3.786 0.003 

Insurance 
ADF -5.611 0.000 

PP -5.611 0.000 

Building 
ADF -4.578 0.000 

PP -4.578 0.000 

Chemical 
ADF -10.221 0.000 

PP -10.221 0.000 

Plastic & Rubber 
ADF -4.406 0.000 

PP -4.406 0.000 

Metal 
ADF -4.718 0.000 

PP -4.718 0.000 

Industrial Machinery 
ADF -9.888 0.000 

PP -9.888 0.000 

Transport Equipment 
ADF -3.426 0.011 

PP -3.426 0.011 

Air Transportation 
ADF -6.056 0.000 

PP -6.056 0.000 

Note:  This table displays the unit root test results for mean yields of the sub-sectors 

considered. The lag length is selected by stepwise regression. No lags are used in the 

stationarity test. Both the Augmented Dickey Fuller tests (ADF) and Phillips Perron 

tests (PP) are used. Tau-statistics has the same value as t-statistics but with correct p-

values. The benefit of using Tau-statistics is that stationarity can be determined without 

recourse to a table of critical values
11

  Source: 

http://www2.sas.com/proceedings/sugi30/192-30.pdf.  
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Following Deng et al. (2014), the following bond attributes are introduced in the 

model as dummy variables: convertibility, covenants, redeemablility, putability, and 

fungibility. These variables are aggregated to the sub-sector level as a volume-weighted 

percentage of issues at any week with a specific attribute
7
.  

 

2.4 Methodology 

2.4.1 Model Specification  

We employ an Exponential Generalized Autoregressive Conditional 

Heteroskedasticity (EGARCH) model, described by Equations 1 and 2, to determine the 

strength of the association between corporate bond yields and oil returns, and to test 

several hypotheses of interest: 

Yieldi,t= 𝑏0
𝑖 +∑ 𝑏1

𝑖𝑗
𝑅𝑜𝑖𝑙𝑖,𝑡−𝑗

4
𝑗=0  + 𝑏2

𝑖 𝑅𝑜𝑖𝑙𝑖,𝑡−1 ∗ 𝐷_𝐶𝑟𝑖𝑠𝑖𝑠 + 𝑏3
𝑖  TB10Yri, t-1+ 𝑏4

𝑖  

DV_Crisis + 𝑏5
𝑖  Ratingi, t-1+ 𝑏6

𝑖  TimeToMaturityi, t-1+ 𝑏8
𝑖  Binaries +𝜀𝑖,𝑡             (1)          

 log ϭ𝑡
2 = 𝜔 +  ∑ 𝛽𝑘

𝑞
𝑘=1 𝑔(𝑧𝑡−𝑘) + ∑ 𝛼𝑘

𝑝
𝑘=1 𝑙𝑜𝑔ϭ𝑡−𝑘 

2                                                (2) 

where 𝑔(𝑧𝑡) = 𝜃𝑧𝑡 + 𝜆(|𝑧𝑡| − 𝐸(|𝑧𝑡|)) and 𝜀𝑡 = 𝑧𝑡ϭ𝑡, , 

and , , . 𝜔, 𝛽, 𝛼, 𝜆 are all estimated by the 

maximum likelihood method.                                                                                

                                                 
7
 Convertibility indicates whether the issue can be converted to the common stock (or other security) of the 

issuer. Covenants indicate whether or not certain covenants are recorded in the dataset for the issue. The 

defaulted flag indicates that the issue is in default. The redeemable flag indicates that the bond is 

redeemable under certain circumstances. A put option provides the bondholder with the option, but not the 

obligation, to sell the security back to the issuer at a specified price and time under certain circumstances. 

The fungible flag denotes corporate bonds that are, by virtue of their terms, equivalent, interchangeable or 

substitutable to other corporate bonds of the same class. Fungible issues may be “reopened” in the future, 

on one or more occasions, increasing the total outstanding amount. Definitions in this sector come from 

Mergent Corporate Bond Securities Database Dictionary (www.mergent.com). 

E(et ) = 0 E(etes ) = 0,"t ¹ s
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In our model, Yieldi,t  is the bond yield for a particular week t for sub-sector i (see 

Section 4.3 for details). The volatility model (Equation 2) follows an EGARCH (p, q) 

model (Cochran et al., 2012). Bond yields are found to be stationary according to the 

Augmented Dickey-Fuller test (1984) and the Phillips-Perron test (1988). 𝑅𝑜𝑖𝑙𝑖,𝑡−𝑗  is the 

lagged oil price returns, which is defined as the log change, or percentage rate of change, 

of oil prices between the current week and the previous (up to 4) weeks. The product term  

𝑅𝑜𝑖𝑙𝑖,𝑡−1 ∗ 𝐷_𝐶𝑟𝑖𝑠𝑖𝑠 is the interaction term between lagged oil returns and the financial 

crisis. TB10Yri, t-1 is the lagged value of the ten-year Treasury bond rate. Intuitively, this 

rate captures the general level of interest rates in the market place. Following Deng, 

Elyasiani, and Mao (2016), 𝐷_𝐶𝑟𝑖𝑠𝑖𝑠 takes the unit value for the period from July 2007 to 

June 2009, and zero otherwise. Ratingi, t-1 is the lagged weighted average corporate bond 

ratings at the sub-sector level. TimeToMaturityi, t-1 is the lagged weighted average 

remaining term to maturity at the sub-sector level. Binaries are a list of dummy variables 

based on bond features including convertibility, covenants, redeemability, putability, and 

fungibility. We first run an Ordinary Least Square (OLS) on the mean equation and 

eliminate variables with high risk of multi-collinearity, measured by a Variance Inflation 

Factor over 10 (Gujarati, 2003). The bond feature, convertibility, was found to be 

collinear with other variables and was dropped in the regression for corporate bonds 

issued in Coal, Electric & Gas, Insurance, Chemical, and Plastic & Rubber sub-sectors.  

In Equation 2, ϭ𝑡 
2  is the conditional variance for time t;  𝑤, 𝛽, 𝛼, µ, Ѳ and 𝜆 are  

parameters; and 𝑧𝑡 is the standardized residual from Equation 1. Parameter 𝛼𝑘 measures 

the GARCH effect – the effect of past volatilities on the current volatility. We can 

determine the persistence of a shock from the magnitude of the parameter 𝛼𝑘. A large 𝛼𝑘 



 37 

means much of the shock persists from one period to the next and, thus, it takes a long 

time for shocks to dissipate. Conversely, a small 𝛼𝑘 means that the shocks from the 

previous periods have little impact on the volatility in the current period. By construction, 

{𝑔(𝑧𝑡)}𝑡=−∞,∞ is a zero-mean, independently and identically distributed (i.i.d.) random 

sequence.  

The EGARCH model provides an advantage over the GARCH model. Since 

logϭ𝑡
2, instead of ϭ𝑡

2, is modeled in this specification, no non-negativity constraint is 

needed on the parameters. The two components of 𝑔(𝑧𝑡), namely Ѳ𝑧𝑡 and 𝜆(|𝑧𝑡| −

𝐸(|𝑧𝑡|)), each have a mean of zero. The first component, 𝜃𝑧𝑡, is the so called “sign 

effect” or the asymmetry effect. It measures the degree to which volatility increases 

differentially after a drop in oil return, compared to an increase of the same magnitude in 

oil return (Nelson, 1991). If 𝜃 = 0, the model is symmetric. When 𝜃 < 0, negative shocks 

generate more volatility than positive shocks; when 𝜃 > 0, it implies that positive shocks 

lead to greater volatility increases than negative shocks. The second component, 𝜆(|𝑧𝑡| −

𝐸(|𝑧𝑡|)), is the so called “magnitude effect” or “the size effect”. The function 𝑔(𝑧𝑡) is 

linear in 𝑧𝑡  with the slope coefficient 𝜃 +  𝜆, if 𝑧𝑡 is positive, and slope coefficient − 𝜆 , if 

 𝑧𝑡 is negative (SAS Online Doc, Version 7-1, Chapter 8 Details). Suppose that 𝜃 = 0 

and 𝜆 = 1. Then large innovations increase the conditional variance, if |𝑧𝑡| − 𝐸(|𝑧𝑡|) > 0 

and decrease it if |𝑧𝑡| − 𝐸(|𝑧𝑡|) < 0. Alternatively, suppose that 𝜃 < 1. Then, the 

innovation in variance, 𝑔(𝑧𝑡), will be positive if the innovations 𝑧𝑡 are less than 

2

π

0.5

𝜃−1
. 

(SAS Online Doc, Version 7-1, Chapter 8 Details). Therefore, negative innovations in 

returns, ε𝑡, cause the innovations in the conditional variance to be positive if 𝜃 is much 
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smaller than 1 (SAS Online Doc, Version 7-1, Chapter 8 Details). If the distribution of 𝑧𝑡 

is symmetric, the two components are orthogonal, though not independent. Over the 

range 0 < 𝑧𝑡 ≤ ∞, 𝑔(𝑧𝑡) is linear in 𝑧𝑡 with slope 𝜃 +  𝜆, and over the range -∞ < 𝑧𝑡 ≤ 0, 

(𝑧𝑡) is linear in 𝑧𝑡 with slope 𝜃 −  𝜆. Thus, 𝑔(𝑧𝑡) allows the conditional variance process 

{ϭ𝑡
2} to respond asymmetrically to positive and negative shocks (Nelson, 1991).  

Several studies have produced empirical evidence that the EGARCH model is 

appropriate for examining the asymmetry effect. Hammoudeh and Yuan (2008) found that 

EGARCH models fit return data for metals (copper, gold and silver) better than the single 

regime GARCH models, in the sense that the latter models failed to capture the leverage 

effect present in copper returns. Similarly, Su (2010) found that the EGARCH model fit 

the Chinese stock market daily return data better than GARCH models. Sharma (2011) 

found that EGARCH fit the daily returns of the Indian CNX Midcap index better than the 

GARCH model in the sense that the former fit better in the out-of-time back test, and 

captured the asymmetric response of the volatility of Midcap index to positive and 

negative shocks.  

The theoretical arguments for using the EGARCH model over the basic GARCH 

model are as follows. First, the EGARCH specification has the flexibility to allow 

volatilities to respond asymmetrically to positive and negative shocks (Elyasiani et al., 

2013; Koutmos, 1995) whereas GARCH models assume that only the magnitude (not the 

sign) of the shocks determines the conditional variance or the volatility of the variable of 

interest. In other words, GARCH models assume the effects of positive and negative 

shocks are symmetric in all cases. This assumption does not always hold true in the real 

world as volatility tends to rise when excess return is lower than expected, and to fall 
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when excess return is higher than expected (Nelson, 1991). Empirically, the term 

𝜆(|𝑧𝑡| − 𝐸(|𝑧𝑡|)) represents a magnitude effect. To clarify, in the spirit of the basic 

GARCH model, assume that 𝜆 > 0 and Ѳ = 0. The innovation in log (ϭ𝑡+1
2 ) is then 

positive (negative) when the magnitude of 𝑧𝑡 is larger (smaller) than its expected value. 

Alternatively, suppose now that 𝜆 = 0 and Ѳ < 0. The innovation in conditional variance 

is then positive (negative) when returns innovations are negative (positive) (Nelson, 

1991).  

Second, the EGARCH specification relaxes the strict non-negativity constraint 

present in the linear GARCH models by parameterizing the logarithm of the conditional 

variance (Elyasiani et al., 2013). In the GARCH model, the non-negativity constraint in 

effect on the conditional variance means that whenever the shock becomes bigger, the 

conditional variance is always going to increase, a condition which is usually not true for 

financial data (Nelson, 1991). Although the conditional variance in the GARCH model is 

not explosive in general, we need a model where the conditional variance is allowed to 

decrease when the shock becomes bigger. The EGARCH model allows both the 

magnitudes and the signs of shocks 𝑧𝑡 in the 𝑔(𝑧) function to influence the conditional 

variance since the sign and the magnitude of 𝑧𝑡 will have separate effects on the 

volatility. This is particularly useful in an asset pricing context because volatility can 

react asymmetrically to the good and bad news. Since 𝑙𝑜𝑔ϭ𝑡
2 may be negative, there are 

no restrictions on the parameters.  
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2.4.2 Hypotheses   

Corporate bond yields may be affected by oil price changes because oil is an 

important input, substitute or output in the thirteen sub-sectors included in our sample.  

Changes in oil returns can increase the cost for some sub-sectors, boost the demand for 

others, or allow some sub-sectors to profit more than others. We investigate the effect of 

oil shocks on the sectoral bond yield levels and of the general shocks on the asymmetry 

of the shock effects. We also assess the effect of the 2007-2009 financial crisis on the 

bond yield (intercept shift) and the sensitivity of bond yield to the joint effect of financial 

crisis and oil returns (slope shift).  To this end, we propose the following hypotheses. 

Hypothesis I 

No research has been conducted on the relationship between oil price fluctuations 

and corporate bond yields at the sectoral level as granular as the one used in this study. 

Analysis of bond yields at the sector-level is appealing for several reasons. First, firms in 

the same sub-sector tend to have a similar degree of oil dependency and, hence, they are 

expected to display similar patterns of reaction to oil price changes. However, the degree 

of oil dependency, and the reaction patterns of bond yields to oil price variations, differ 

across sub-sectors. Analysis at the sub-sector level can help firms better understand the 

manner in which their businesses respond to changes in oil returns, and, in turn, help their 

executives make appropriate strategic decisions regarding production, sales or hedging.  

Second, a better understanding of a company's cost of debt behavior in response 

to oil price changes allows both the bond-issuing firms and the investors in these bonds to 

better understand how the terms of borrowing and lending need to be altered in the 

loanable funds markets when oil price movements are introduced. This will, in turn, help 
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the two sides make better fund raising and portfolio choice decisions. Third, by 

aggregating firm level corporate bond yields up to the sub-sector level, we reduce the 

noise that typically exists in the firm-level data, although this process also masks the 

details of individual firm behavior in this regard. To have the right data frequency is 

important especially in the corporate bond market because this market is rather thin as the 

frequency of trading is not nearly comparable with that of the stock market.  

Thus, we formulate our first hypothesis as:   

H1: Oil price changes have no significant effect on the level of corporate bond yields 

at the sub-sectoral level (𝑏1
𝑖𝑗

=0). 

Hypothesis II 

Our second hypothesis investigates whether the 2007-2009 financial crisis, 

defined as the period from July 2007 to June 2009, altered the corporate bond yield in the 

form of a one-time increase or decrease (an intercept shift in Equation 1). We formulate 

our second hypothesis as:   

H2: The 2007-2009 financial crisis had no impact on sub-sector-level corporate bond 

yields (𝑏4
𝑖 =0). 

If the data fail to reject the null hypothesis, it would be an indication that the 

corporate bond yield levels were resilient to changes in the macroeconomic condition 

prevailing during the crisis (no shift in the intercept). 

Hypothesis III 

The third hypothesis investigates whether the sensitivity of the corporate bond 

yields to oil returns (oil return slope) was altered during the crisis. Given the intense level 

of uncertainties in the market during this period, investors may not only demand a higher 
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yield but they may react more strongly to changes in the oil returns, as well as the other 

determinants of the bond yield. The altered sensitivity to oil return changes is manifested 

as a change in the slope of the oil return variable (a slope shift).  

We formulate the third null hypothesis as:   

H3: The sensitivity of the corporate bond yields to oil returns (oil return slope) was 

not altered during the crisis (𝑏2
𝑖 =0). 

If this null hypothesis is rejected, it would indicate that the effect of oil price 

variations on corporate bond yield levels are dissimilar during the crisis and non-crisis 

periods (there is a slope shift). 

Hypothesis IV 

The fourth hypothesis investigates whether oil return increases and decreases have 

symmetric impacts on the volatility of corporate bond yields. This issue matters because 

bond issuers need to adjust their production, investment, and financing decisions in 

response to the degree of oil price changes and the corresponding bond yield variations. 

If investment officers of the bond issuing companies are aware that rising (falling) oil 

prices will increase (decrease) bond yield volatility to a larger (smaller) extent than 

declining (rising) oil prices, they will need to diversify and hedge their portfolio risk in a 

manner to account for this feature. If shock effects are asymmetric but are treated as 

symmetric, the potential loss (gain) due to oil price increases will be estimated 

incorrectly, leading to sub-optimal decisions.  

Theoretically, shocks can have asymmetric effects. At the national level, 

asymmetry can possibly be attributed to monetary policy. To elaborate, the U.S. Federal 

Reserve has usually taken aggressive measures to fight inflation increases triggered by 
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rising oil prices but has responded less strongly and less speedily to unexpected declines 

in inflation triggered by oil price drops (Zare at al., 2013; Kilian, 2014; Bernanke et. al, 

1997).  

Another explanation is the spillover effects from one market to another. Kang et 

al. (2014) studied stock markets in Japan and Korea, which have the same trading hours. 

They found that volatility from one market can transfer to another market in real time, 

leading to asymmetric responses to external shocks. The authors found that the variance 

of KOSPI index (the comprehensive stock index in Korea) is correlated with lagged 

variance of the TOPIX index (the comprehensive stock index in Japan). They also found 

that bad news in the TOPIX market leads to a smaller volatility in the KOSPI index than 

does good news in the same market.  

Oil price movements may be one possible source of external shocks that lead to 

asymmetric responses in yield volatilities of corporate bonds. At the sub-sector level, the 

degree of reliance on oil is likely to play a role in determining the extent of asymmetry 

because oil can be an input (for the oil-user sector), an output (for the oil-related sector), 

a substitute of the input (for the oil-substitute sector), or a factor that affects the wealth of 

customers in a particular sector (financial service sector).  

Sources of asymmetry are discussed further in Section 1.5 of Chapter 1. 

We formulate the fourth null hypothesis as: 

H4: Positive and negative shocks have effects of equal magnitudes on the corporate 

bond yield (𝜃 = 0). 
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2.5 Empirical Results  

2.5.1 Model Parameters  

2.5.1.1 Parameters in The Mean Equation 

2.5.1.1.1 The Oil Return Coefficient  

Table 4 presents the parameter estimates for the model of oil return effects 

described by Equations 1 and 2 above. According to the values reported in Table 4, the oil 

return coefficient 𝑏1
𝑖𝑗

 (columns “Roil_L0”, “Roil_L1”, “Roil_L2”, “Roil_L3” and 

“Roil_L4” in Panel A of Table 4) is significant in ten out of the thirteen sub-sectors 

within the first four weeks after the shock is introduced considering that the coefficient of 

oil returns is significant for at least one of the five weeks (the contemporary effect plus 

four weekly lags), rejecting H1 in these ten sub-sectors. These ten sub-sectors are Coal, 

Electricity & Gas, Oil & Gas Extraction, Depository Institutions, Insurance, Plastic & 

Rubber, Metal, Industrial Machinery, Transport Equipment, and Air Transportation. We 

failed to reject H1 in the remaining three sub-sectors including Petroleum Refinery, 

Building, and Chemical. The concurrent oil return is significant at 90% confidence level 

(“P value” row and “Roil_L0” column in Panel A of Table 4) in only four sub-sectors 

including Depository Institute, Plastic & Rubber, Metal, and Transport Equipment sub-

sectors. The lack of significance of the concurrent oil return is an indication of slow pace 

of reaction in the bond market to changes in the oil market. The continued significance of 

oil returns for four weeks suggests that the effects occur gradually and persist. The three 

exceptions are the Petroleum Refinery, Building, and Chemical sub-sectors. Therefore, 

we conclude that changes in oil returns do exert significant impacts on the corporate bond 

yield levels in ten of the thirteen sub-sectors considered with four weekly lags. Although 
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three sub-sectors (Petroleum Refinery, Building, and Chemical) do not exhibit significant 

reactions to oil return variations in the first five weeks (contemporary effect plus four 

weekly lags),  we do see some significant coefficients for these longer lags when we 

extend the model to include up to 24 lags of oil returns. This suggests that oil returns do 

play a significant role even for the corporate bond yields of these sub-sectors, but the 

effects are more sluggish. More specifically, for these three sub-sectors, it takes more 

than a month for their corporate yields to respond to changes in oil returns. 
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Table 4 – Model Parameters  

 

Panel A, Mean Equation – Part 1 

Equation (1) - The mean equation 

Variable Intercept ROIL_L0 ROIL_Crisis ROIL_L1 ROIL_L2 ROIL_L3 ROIL_L4 TB10Yr D_Crisis 

Coal 

Coefficient 11.955 0.0067 -2.034 -0.078 -0.06 -0.032 -0.039 -0.866 4.3911 

Std. Error 1.8887 0.0404 2.4465 0.0321 0.0274 0.0244 0.0235 0.6235 0.3133 

P value <.0001 0.8688 0.4057 0.0145 0.0291 0.1898 0.0966 0.165 <.0001 

Electricity & Gas 

Coefficient 1.5211 -0.011 -2.019 0.0194 0.0402 -0.03 0.0168 0.5611 0.5978 

Std. Error 0.6024 0.0148 1.3904 0.0119 0.0106 0.0138 0.0129 0.2871 0.0662 

P value 0.0116 0.4776 0.1464 0.1036 0.0001 0.0298 0.1923 0.0506 <.0001 

Oil & Gas Extraction 

Coefficient -0.648 -0.007 -1.92 -0.01 -9E-04 -0.022 -0.021 0.7267 0.2121 

Std. Error 1.431 0.0146 1.4025 0.0119 0.0107 0.0146 0.012 0.2026 0.0715 

P value 0.6505 0.633 0.1711 0.382 0.9324 0.1423 0.0886 0.0003 0.003 

Petroleum Refinery 

Coefficient -0.971 0.0109 0.2303 0.0083 -0.003 -0.01 -2E-04 0.647 0.4758 

Std. Error 0.4197 0.0082 0.7395 0.006 0.007 0.0072 0.0074 0.136 0.0402 

P value 0.0207 0.1828 0.7555 0.1645 0.6335 0.1826 0.9799 <.0001 <.0001 

Note:  Model parameter estimations are presented below for both the mean equation and the volatility equation. When 

Variance Inflation Factor is over 10, there is serious multi-collinearity between variables concerned. The blanks in the 

table denote convertibility is removed from the estimation due to high multi-collinearity in a few sub-sectors. Roil_L0 

means contemporaneous oil returns. Roil_L1 means one week lagged oil returns. EGARCH1 parameter is the 

persistence parameter. Theta is the Asymmetry parameter.  
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Table 4 – continued 

Panel A, Mean Equation – Part 1 

Equation (1) – The mean equation 

Variable Intercept ROIL_L0 ROIL_Crisis ROIL_L1 ROIL_L2 ROIL_L3 ROIL_L4 TB10Yr D_Crisis 

Depository Institute 

Coefficient 3.354 -0.015 -0.141 -0.025 -0.013 -0.002 0.0122 0.2118 1.1644 

Std. Error 0.1489 0.0087 0.9631 0.0065 0.0057 0.0061 0.0066 0.1187 0.0544 

P value <.0001 0.0889 0.8838 0.0001 0.0248 0.8031 0.067 0.0744 <.0001 

Insurance 

Coefficient 3.8898 0.0037 -5.495 -0.034 0.0048 -0.007 -0.012 -0.733 1.2058 

Std. Error 0.3416 0.0107 1.4976 0.0097 0.0118 0.01 0.0098 0.1902 0.0791 

P value <.0001 0.7298 0.0002 0.0005 0.6831 0.4629 0.2172 0.0001 <.0001 

Building 

Coefficient 8.0906 0.0143 -0.955 -0.012 -0.017 -0.013 0.0005 0.0794 4.0274 

Std. Error 3.4786 0.0223 3.7089 0.0201 0.0234 0.0222 0.0165 0.3756 0.1251 

P value 0.02 0.5194 0.7968 0.5383 0.4724 0.5696 0.9749 0.8327 <.0001 

Chemical 

Coefficient -0.358 0.0048 2.9274 -0.001 -0.005 0.0088 0.0046 -0.082 2.1766 

Std. Error 1.4569 0.0117 3.3764 0.0133 0.0132 0.0129 0.0142 0.288 0.136 

P value 0.8059 0.6844 0.3859 0.9297 0.6912 0.4961 0.7442 0.7762 <.0001 

Plastic & Rubber 

Coefficient -3.383 0.0301 -3.208 -0.029 -0.018 0.0049 -0.005 -1.127 -1.018 

Std. Error 1.3604 0.0109 1.6454 0.0141 0.0151 0.0154 0.0168 0.306 0.0977 

P value 0.0129 0.0058 0.0512 0.0383 0.2422 0.7503 0.7485 0.0002 <.0001 
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Table 4 – continued 

Panel A. Mean Equation – Part 1 

Equation (1) - The mean equation 

Variable Intercept ROIL_L0 ROIL_Crisis ROIL_L1 ROIL_L2 ROIL_L3 ROIL_L4 TB10Yr D_Crisis 

Metal 

Coefficient 11.405 -0.018 0.7118 -0.008 -0.012 -0.003 -0.004 0.2118 0.192 

Std. Error 1.7546 0.0079 0.7408 0.0076 0.0079 0.0065 0.0079 0.1304 0.0532 

P value <.0001 0.0218 0.3366 0.2907 0.1301 0.6617 0.629 0.1044 0.0003 

Insdustrial machinery 

Coefficient -1.909 -0.015 -1.268 0.0027 -0.002 -0.007 0.019 0.5512 1.6535 

Std. Error 0.6868 0.0136 1.7195 0.0122 0.0129 0.0129 0.0115 0.2621 0.1059 

P value 0.0054 0.277 0.4609 0.828 0.8665 0.5692 0.0981 0.0355 <.0001 

Transport Equipment 

Coefficient 6.8435 -0.028 4.2087 -0.005 -0.016 -0.027 -0.009 0.2096 2.3767 

Std. Error 0.519 0.016 2.8826 0.013 0.0172 0.013 0.0149 0.2374 0.1331 

P value <.0001 0.0801 0.1443 0.719 0.3554 0.0371 0.5367 0.3773 <.0001 

Air Transportation 

Coefficient 28.996 0.012 -3.278 0.0113 0.057 0.0596 0.0216 -0.684 1.429 

Std. Error 1.2588 0.0301 6.6729 0.0293 0.0293 0.0266 0.0289 0.6263 0.2708 

P value <.0001 0.6908 0.6233 0.6992 0.0518 0.0248 0.456 0.2745 <.0001 
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Table 4 – continued 

Panel B, Mean and Volatility Equations 

Factors Equation (1) - The mean equation Equation (2) - The volatility equation 

Variable Maturity Rating Convertible Covenants Redeemable Putable Fungible EARCH0 EARCH1 EGARCH1 THETA 

Coal 

Coefficient -0.163 0.0151 - 2.3082 0.1804 10.144 -7.322 -0.028 1.0021 0.8642 -0.007 

Std. Error 0.0343 0.0335 - 1.683 0.5117 4.3242 0.7041 0.0654 0.2413 0.0732 0.0904 

t value -4.74 0.45 - 1.37 0.35 2.35 -10.4 -0.42 4.15 11.81 -0.07 

P value <.0001 0.6517 - 0.1702 0.7244 0.019 <.0001 0.672 <.0001 <.0001 0.942 

Electricity & Gas 

Coefficient 0.0662 -0.037 - 3.0899 0.5047 15.488 0.0898 -0.032 0.8309 0.9054 0.0757 

Std. Error 0.0088 0.0074 - 0.7455 0.7689 2.0477 0.1818 0.0331 0.1293 0.0293 0.0689 

t value 7.5 -4.98 - 4.14 0.66 7.56 0.49 -0.97 6.42 30.88 1.1 

P value <.0001 <.0001 - <.0001 0.5116 <.0001 0.6212 0.3339 <.0001 <.0001 0.2723 

 Oil & Gas Extraction 

Coefficient 0.0824 -0.025 -1.401 4.0657 1.2966 1.199 -0.166 -0.019 0.808 0.9012 0.0148 

Std. Error 0.009 0.0076 0.7361 1.028 1.0939 0.6956 0.2033 0.0308 0.106 0.0195 0.0705 

t value 9.11 -3.32 -1.9 3.95 1.19 1.72 -0.81 -0.61 7.62 46.26 0.21 

P value <.0001 0.0009 0.057 <.0001 0.2359 0.0847 0.4153 0.5449 <.0001 <.0001 0.8339 

Petroleum Refinery 

Coefficient 0.1085 0.0038 2.324 4.7672 -0.734 1.0377 0.4291 -0.2 1.0912 0.8689 -0.019 

Std. Error 0.0058 0.0043 1.6643 0.3859 0.2019 29.172 0.0891 0.077 0.1647 0.0412 0.0705 

t value 18.63 0.89 1.4 12.35 -3.64 0.04 4.82 -2.6 6.63 21.07 -0.26 

P value <.0001 0.3743 0.1626 <.0001 0.0003 0.9716 <.0001 0.0094 <.0001 <.0001 0.7935 
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Table 4 – continued 

Panel B, Mean and Volatility Equations 

Factors Equation (1) – The mean equation Equation (2) – The volatility equation 

Variable Maturity Rating Convertible Covenants Redeemable Putable Fungible EARCH0 EARCH1 EGARCH1 THETA 

 Depository Institute 

Coefficient -0.061 0.0043 96.152 1.5242 0.1614 -1.178 -0.497 -0.267 1.3326 0.8356 0.0246 

Std. Error 0.017 0.0031 17.116 0.1574 0.2548 4.1702 0.2137 0.0982 0.1267 0.0456 0.0702 

t value -3.6 1.41 5.62 9.68 0.63 -0.28 -2.32 -2.72 10.51 18.31 0.35 

P value 0.0003 0.159 <.0001 <.0001 0.5264 0.7776 0.0202 0.0066 <.0001 <.0001 0.7259 

 Insurance 

Coefficient 0.0392 0.0064 - 0.8457 -0.363 -3.249 -0.404 -0.06 1.543 0.7443 -0.037 

Std. Error 0.0114 0.0089 - 0.2724 0.2201 0.2982 0.1632 0.0723 0.1125 0.0478 0.0552 

t value 3.45 0.71 - 3.1 -1.65 -10.89 -2.48 -0.83 13.71 15.56 -0.67 

P value 0.0006 0.475 - 0.0019 0.099 <.0001 0.0133 0.4074 <.0001 <.0001 0.506 

 Building 

Coefficient 0.1377 -0.028 1.1142 -3.266 0.9111 -2.407 1.0168 0.0206 0.9585 0.9189 0.0079 

Std. Error 0.0266 0.0145 3.9055 1.5513 3.8837 4.6986 0.1429 0.0371 0.1096 0.0256 0.0602 

t value 5.18 -1.96 0.29 -2.11 0.23 -0.51 7.11 0.55 8.74 35.91 0.13 

P value <.0001 0.0497 0.7754 0.0353 0.8145 0.6084 <.0001 0.5791 <.0001 <.0001 0.8954 

 Chemical 

Coefficient 0.1169 0.0017 - 5.9197 -4.426 0.6727 1.0539 0.0004 0.2267 1.0038 -0.094 

Std. Error 0.017 0.0075 - 1.4141 0.5319 0.686 0.4982 0.0063 0.0418 0.0046 0.0595 

t value 6.86 0.22 - 4.19 -8.32 0.98 2.12 0.07 5.42 219.47 -1.58 

P value <.0001 0.8232 - <.0001 <.0001 0.3268 0.0344 0.944 <.0001 <.0001 0.1142 
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Table 4 – continued 

Panel B, Mean and Volatility Equations 

Factors Equation (1) – The mean equation Equation (2) – The volatility equation 

Variable Maturity Rating Convertible Covenants Redeemable Putable Fungible EARCH0 EARCH1 EGARCH1 THETA 

 Plastic & Rubber 

Coefficient -0.132 -0.038 - 7.4489 1.7782 1.8364 3.5242 -0.043 0.8809 0.871 0.1663 

Std. Error 0.0215 0.0154 - 1.2462 0.3315 1.138 0.2499 0.0445 0.1276 0.0364 0.0966 

t value -6.11 -2.47 - 5.98 5.36 1.61 14.1 -0.96 6.9 23.91 1.72 

P value <.0001 0.0133 - <.0001 <.0001 0.1066 <.0001 0.3347 <.0001 <.0001 0.0854 

 Metal 

Coefficient -0.006 0.004 -2.988 2.0954 -5.123 42.859 -3.261 -0.238 1.0935 0.8713 0.0438 

Std. Error 0.0073 0.0056 0.9981 1.1191 1.4884 6.105 0.1259 0.0746 0.1618 0.0358 0.0661 

t value -0.85 0.71 -2.99 1.87 -3.44 7.02 -25.91 -3.19 6.76 24.37 0.66 

P value 0.3966 0.4794 0.0028 0.0611 0.0006 <.0001 <.0001 0.0014 <.0001 <.0001 0.5075 

Industrial Machinery 

Coefficient 0.0576 -0.014 -4.146 5.8355 -1.163 9.0919 1.1212 -0.017 0.2993 0.9817 0.0358 

Std. Error 0.0107 0.0075 1.0964 0.4412 0.4889 1.0878 0.2849 0.0114 0.0575 0.0105 0.0812 

t value 5.37 -1.86 -3.78 13.23 -2.38 8.36 3.93 -1.52 5.21 93.58 0.44 

P value <.0001 0.0625 0.0002 <.0001 0.0174 <.0001 <.0001 0.1297 <.0001 <.0001 0.6594 

 Transport Equipment 

Coefficient 0.1051 -0.04 5.7864 2.0849 -2.589 -9.004 -3.392 -0.032 0.836 0.9366 0.0202 

Std. Error 0.0161 0.0085 1.0834 0.5652 0.3118 1.4244 0.3549 0.0344 0.1205 0.026 0.0706 

t value 6.51 -4.63 5.34 3.69 -8.3 -6.32 -9.56 -0.93 6.94 36.03 0.29 

P value <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 0.3506 <.0001 <.0001 0.7742 
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Table 4 – continued 

Panel B, Mean and Volatility Equations 

Factors Equation (1) – The mean equation Equation (2) – The volatility equation 

Variable Maturity Rating Convertible Covenants Redeemable Putable Fungible EARCH0 EARCH1 EGARCH1 THETA 

 Air Transportation 

Coefficient 0.0844 -0.214 -1.934 -4.308 -15.63 0.1986 -5.837 0.1561 1.1522 0.9331 0.0237 

Std. Error 0.0145 0.0197 0.2845 1.2602 0.3007 0.6935 0.2963 0.0524 0.0851 0.0175 0.0493 

t value 5.84 -10.89 -6.8 -3.42 -52 0.29 -19.7 2.98 13.54 53.22 0.48 

P value <.0001 <.0001 <.0001 0.0006 <.0001 0.7746 <.0001 0.0029 <.0001 <.0001 0.6304 
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We find that an increase in oil return reduces the corporate bond yields in Coal. 

The direction of the change in the bond yields for the Coal sub-sector is as expected 

because Coal is an oil substitute. To elaborate, as oil prices rise, consumers and 

businesses are incentivized to use alternative energy sources such as coal, increasing the 

demand for coal and consequently raising the profitability of the firms and lowering their 

bond yields. Co-movement of bond yield and oil is consistent with what we see in the 

stock market – the stock prices of oil substitutes (such as oil and gas stocks) tend to rise 

when oil prices go up (Nandha & Faff, 2008, Elyasiani et al., 2011)  

Oil & Gas Extraction firms are likely to benefit from rising oil prices and make 

more profits, thus, justifying lower yields when oil prices rise. The Insurance sub-sector 

may have clients that either benefit from rising oil prices or can easily pass costs to its 

customers. The yields for this sub-sector are determined by the clientele mix, and finding 

of effects in either direction would be reasonable. Industrial Machinery and Air 

Transportation are oil-users. Therefore, rising oil prices can be expected to lead to higher 

costs, and lower profitability. Thus, rising oil prices could produce more defaults on their 

bonds and, consequently, higher yields. The positive sign for these sub-sectors are 

theoretically sound.   

The signs for the oil return coefficient 𝑏1
𝑖𝑗

 are mixed for Electricity & Gas, which 

is reasonable because this sub-sector is both an oil-substitute and an oil-user
8
. The 

                                                 
8
 Investopedia does not list electricity as a substitute for oil. According to Investopedia: “The main 

substitutes for oil and gas energy include nuclear power, solar power, ethanol and wind power. Fossil 

fuels dwarf these substitutes in global and domestic energy markets, but there is considerable public 

momentum to increase their utilization. Fossil fuels (coal, oil, propane and natural gas) account for more 

than 80% of total energy consumption in the United States. Alternative forms of energy have, to this point, 

proven to be an uneconomic substitute; they are less efficient and more expensive (or, in the case of nuclear 

power, completely restricted from expanding) than fossil fuels.” 
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demand for electricity and gas tend to rise when consumers switch to alternative energy 

sources as oil prices rise, but the profit is reduced as oil is used as an input in generating 

electricity and producing gas. The sign of the coefficient is dependent on the interplay of 

these two forces. 

Oil returns are found to have a mixed influence on Electricity & Gas in the first 

five weeks after an increase in oil returns. Specifically, the effect of oil returns on the 

corporate bond yields are positive in the first two weeks of rising oil returns, then become 

negative in the third week and insignificant afterwards. There may be a mixed view on 

the bond at the beginning before the yield adjusts to the theoretically expected direction. 

Also, being a substitute is only one role Electricity & Gas sub-sector plays. There may be 

other indirect effects affecting bond yields in this sub-sector. It is possible that, Electricity 

& Gas can always charge consumers the same price no matter how oil prices move due to 

inelasticity of demand for these utilities. Another explanation may be that these sub-

sectors hedge potential oil price risks and are not overly sensitive to changes in oil 

returns. It is also possible that adjustments are slow. They like to keep the change 

gradual, so they do some smoothing in their adjustment. Oil price increases may also lead 

to expectations that new sources of energy will develop or import/export patterns will 

change. These could alter the response on the bonds. 

Oil price returns do not have a significant contemporaneous or delayed (up to four 

weeks) effects impact on corporate bond yields in the Petroleum Refinery sub-sector. The 

total production of crude oil declined from 6 million barrels per day to as low as 4 million 

barrels from July 2002 to July 2008, then slowly recovered to 2002-level in mid-2012, 

although it shoots up to over 7 million in early 2013. For most of our study period 
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(July 2002-2013), the supply of oil did not increase and the number of operable refineries 

remained flat
9
. Refining revenue is not likely to rise during this period even when oil 

prices rise. We consider the lack of immediate (within five weeks) impact reasonable. 

Another oil-related sub-sector, Oil & Gas extraction, shows a decline in yield in response 

to a rise in oil returns but such impact only happens four weeks after the shock occurs as 

indicated by a significant four-week lag. If oil returns go up by one percent, corporate 

bond yields in the Oil & Gas Extraction sub-sector will go down by 0.02% or 2 basis 

points. This is normal fluctuation as five weeks is not long enough to see a significant 

increase in extraction. Even when extraction goes up, it may be perceived as temporary, 

in which case, new investments in extraction may not be justified or may not take place 

until much later. 

Similarly, the signs for the oil return coefficient are also mixed for the Depository 

Institute sub-sector. We expect the sign for the financial services sector to be dependent 

on its clientele mix. If the majority of the financial service sector clients benefits from 

rising oil prices and can pay back their debts during periods of rising oil prices, the effect 

on profitability of the financial services sector is expected to be positive and the yields on 

their bonds may decline. Conversely, if the majority of the financial service sector clients 

suffer from rising oil prices and a greater number of them default on their loans, the effect 

on the financial services sector profitability will be negative and their bond yields will 

tend to rise.  

We find that the yields of corporate bonds issued by Depository Institutes oscillate 

during periods of rising oil prices as demonstrated in the mixed signs of 𝑏1
𝑖𝑗

 (row 

                                                 
9
 Based on weekly U.S. field production of crude oil data and U.S. number of operable refineries data from 

Energy Information Administration.  
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“coefficient”, columns “Roil_L0”, “Roil_L1”, “Roil_L2”, “Roil_L3” and “Roil_L4” in 

Panel A of Table 4). Oil returns have a mixed, but more often negative, effect on the 

corporate bond yields in the Depository Institute sub-sector. Specifically, the bond yields 

for these issuers decline immediately until the second week after the shock occurs (lag 2), 

show no significant impact during the third week (lag 3), but then rise in the fourth week 

(lag 4).  

We theorize that the financial services sector is affected by rising oil prices in a 

mixed manner depending on the client mix. The fortunes of some bank clients rise with 

higher oil prices and, hence, their risk of defaulting on their loans will decline. For other 

clients, it is just the opposite. These bank clients could initially try to pay back their 

loans, but may be unable to continue payments over time as their sales and profitability 

decline in response to oil price increases. This dynamics could result in an increase in 

their bond yields in the later weeks. It is also possible that, when as oil prices rise, macro 

conditions worsen and the default rate rises in general, harming the financial services 

sector and resulting in higher bond rates. Another possible explanation is that bonds 

issued by the financial services sector are considered a safe haven for investors because 

bank bonds are generally rated very highly. As evidence of this issue, it is notable that the 

average rating of the 20 largest banks in the United States is Aa2 as of 9/30/2012, with 5 

of them being ‘Aaa’ rated
10

. In this scenario, if rising oil prices lead to higher volatility in 

financial assets, investors would switch to lower risk assets, including bank debt, 

                                                 
10

 Details on the 20 Largest Banks in the United States can be found in the the investment research report 

from Capital Advisor Group, 

http://www.capitaladvisors.com/whitepapers/Be_Prepared_for_TAG_Expiration_Part%20II_12.12.pdf. 
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bringing about a higher price and a lower yield on bonds issued by the financial services 

sector (Elyasiani et al., 2011).  

Oil returns are found to have a significant effect on the oil-user sub-sectors as 

well. The signs for the oil return coefficient are also mixed for oil-user sectors such as 

Building, Chemical, Plastic & Rubber, and Transport Equipment (Table 4, Panel A - 

Mean Equation, Columns “Roil_L0”, “Roil_L1”, “Roil_L2”, “Roil_L3” and “Roil_L4”, 

row “P value”). A change in oil returns has a significant impact on the corporate bond 

yields in the Plastic & Rubber, Metal, Industrial Machinery, Transport Equipment, and 

Air Transportation sub-sectors in the first five weeks (contemporaneous effect and 4 

weekly lags) after the shock is introduced. Among these sub-sectors, Industrial 

Machinery and Air Transportation sub-sectors become more risky after a rise in oil 

returns as evidenced by the greater bond yield. The Industrial Machinery sub-sector will 

be hurt (bond yield goes up 0.019%) in the fourth week after oil returns rise.  Moreover, 

this effect is more pronounced (rises by 1.65%) during the financial crisis as shown by a 

shift in the intercept of the bond-yield equation. This sub-sector is heavily dependent on 

oil and largely influenced by government and consumer spending. During the financial 

crisis, government funding cuts
11

 and weakened consumer spending due to rising 

unemployment directly reduced the demand for industrial machinery leading to a rise in 

bond yield in the Industrial Machinery sub-sector. The Air Transportation sub-sector is 

negatively affected by rising oil-prices within the first two weeks after the shock is 

introduced. This is reasonable because this industry uses oil products intensively. In terms 

                                                 
11

 In 2009-2010, the government not only postponed new infrastructure projects, but also reduced spending 

on existing infrastructure significantly. Source: Public Expenditure after the Global Financial Crisis by Jim 

Brumby and Marijn Verhoeven. 
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of magnitude, in the third week after the shock, the corporate bond yield in this sub-

sector rises by 0.057% (57bp) in response to a one percentage point increase in oil prices. 

Fuel is about 15% of the airlines’ costs and it is the most volatile piece of all of this 

industry’s cost components (Morrell & Swan, 2006). Hence, it is not surprising that this 

sub-sector is immediately and negatively affected by oil price increases. Similarly, it 

takes a very short time (0-4 weeks) for bonds issued in some other oil-user sub-sectors to 

react to changes in oil returns (e.g., Plastic & Rubber – contemporaneous effect, 

Industrial Machinery – four weeks). 

There is no significant impact from increased oil returns on corporate bonds in the 

Building and Chemical sub-sectors. It may take longer than five weeks for bonds in these 

two sub-sectors to respond to changes in oil returns. The decision to buy/rent building 

space is usually complicated and involves long-term contracts. Thus, the demand for 

building space does not change in a short period; rather, it is based on longer-term 

factors. Hence, it is reasonable that this sub-sector does not respond to changes in oil 

returns quickly. The Chemical sub-sector is the second most oil-intensive sub-sector after 

Petroleum Refinery, based on the cost share of oil. The cost share of oil measures the cost 

of oil and natural gas for each dollar of sale of the end products (Lee & Ni, 2002). About 

55% of the energy input of the Chemical industry is for heat and power; the rest is for 

feedstocks of products such as petrochemicals, plastics, and synthetic fibers (Lee & Ni, 

2002). It is reasonable to say that the Chemical sub-sector is heavily influenced by oil 

price movements. The high volatility of oil prices during the sample period and the 

consequent high volatility in profitability of this sub-sector may have incentivized risk-

averse investors to move their money to corporate bonds in other sectors with lower 
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volatilities, resulting in higher cost of debt for this sub-sector. Rising oil prices might 

affect the Chemical sub-sector more slowly due to the low elasticity of consumer demand 

for its products. Chemicals are widely used to produce many daily necessities such as ink, 

coatings, plastic, and personal and health care products. Chemical firms can pass some of 

the additional costs due to increased oil prices to consumers, but it takes time for 

consumers to switch to alternative products. Hence, it is reasonable that the impact of oil 

price increases on the cost of debt in this sub-sector is delayed, rather than immediate.  

 

2.5.1.1.2 The Impact of the Financial Crisis 

This section discusses the impact of the 2007-2009 financial crisis on the 

relationship between oil returns and bond yields. We will look at both the intercept shift 

and the slope shift during the crisis. 

 

2.5.1.1.2.1 The Intercept Shift  

Corporate bond yields are likely to rise during crises because uncertainty 

intensifies and investors become more risk-averse under crisis conditions, resulting in 

greater risk premia demanded by the bond buyers. In particular, during the crisis of 2007-

2009, companies issuing bonds had serious difficulties meeting their debt obligations and 

issuing new bonds because markets were frozen and liquidity was very tight (The 

Economist, 2013
12

). This phenomenon was due to the fact that credit risks of the 

borrowers were perceived to be high to the point that even banks with considerable 

                                                 
12

 The Economist, 2013, http://www.economist.com/news/schoolsbrief/21584534-effects-financial-crisis-

are-still-being-felt-five-years-article 
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liquidity were unwilling to lend, and that bond buyers had an attitude of wait and see 

until the crisis eased.   

Table 4 reports the results of the intercept shift in the cost of debt model (Panel A 

– Mean Equation in Table 4) due to the financial crisis of 2007-2009. This shift is 

measured by the coefficient estimates for the crisis dummy variable (DV_Crisis), 

reported in the D_Crisis column, ‘coefficient’ row in Pane A of Table 4. We find that the 

crisis had a positive and significant impact on the yield of the corporate bonds issued in 

twelve of the thirteen sub-sectors considered.  The exception was the Plastic & Rubber 

sub-sector where the Crisis dummy coefficient is negative and significant, indicating that 

the corporate bond yields for this sub-sector were lower during the 2007-2009 financial 

crisis. These findings reject the hypothesis H2 purporting that the crisis did not bring 

about a one-time shift in the bond yields. In terms of magnitude, yields rose 1% - 3% for 

Depository Institutes, Insurance, Chemical, Metal, Industrial Machinery, Transport 

Equipment, and Air Transportation sub-sectors during the 2007-2009 financial crisis. The 

impact was much smaller (less than 1%) in Electricity & Gas, Oil & Gas Extraction, 

Petroleum Refinery, Building, and Industrial Machinery.  

Investors holding corporate bonds in the Coal and Building sub-sectors need to 

monitor the economy closely as the 2007-2009 financial crisis caused a 4% increase in 

yields for bonds issued in these two sectors. The policy implication is that pre-crisis data 

on bond yields are not suitable for predicting the post-crisis bond yield behavior and, 

hence, regulators and investment managers should not base their policy and investment 

decisions on the pre-crisis data alone or treat pre- and post-crisis periods as being 

homogeneous.  
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2.5.1.1.3 The Interaction Between Oil Returns and Financial Crisis (The Slope Shift)  

We also investigated the possibility of a shift in the slope of the oil return (𝑏2
𝑖 ) in 

the cost of debt equation (H3). The results are reported in Roil_Crisis column in Panel A - 

mean equation part of Table 4. We find that the interaction term between oil returns and 

the crisis dummy (slope shift) is significant for corporate bonds in the Electricity & Gas, 

Insurance, Plastic & Rubber, and Transport Equipment sub-sectors (Roil_Crisis column 

in Panel A of Table 4). These statistics reject Hypothesis H3, indicating that the effect of 

oil on the cost of debt was identical during the 2007-2009 crisis period and 2009 

onwards. In terms of the direction of the effect, the sign for the interaction term is 

positive for Transport Equipment, negative for Electricity & Gas, Insurance, and Plastic 

& Rubber, and insignificant for Coal, Oil & Gas Extraction, Petroleum Refinery, 

Depository Institute, Building, Chemical, Metal, Industrial Machinery, and Air 

Transportation.  

The interaction term shared the same negative sign as oil returns for corporate 

bonds issued in Insurance and Plastic & Rubber sub-sectors, indicating that the 2007-

2009 financial crisis amplified the effect of oil returns on the corporate bond yields. 

The interaction term has a positive effect on the yields of corporate bonds issued 

in the Transport Equipment sub-sector, which is opposite of the oil effects, indicating that 

the interaction effect was offsetting and counterbalancing. The sum of the oil return 

(current return and one to four week lagged returns) coefficient and interaction term is 

positive, indicating that the interaction term has a dominant effect. The positive sum 

means that bond yields rose during the 2007-2009 financial crisis. The rising yields are 
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probably because of the relatively strong performance of this sub-sector due to its 

inelastic demand and transportation sector’s ability to pass additional costs to consumers.  

The interaction term has a negative and significant contemporaneous impact on 

corporate bonds issued in the Electricity & Gas sub-sector, which weakened the lingering 

oil effect from one to two weeks prior to the current week (as demonstrated in positive oil 

effects one to two weeks prior to the current week) and strengthened the oil effect four 

weeks prior to the current week (as demonstrated in the negative and significant oil effect 

four weeks prior to the current week). The sum of the coefficients of the interaction term 

and oil returns are negative indicating that the degree to which the yields of Electricity & 

Gas bonds decline from rising oil prices is amplified during 2007-2009 financial crisis. 

Investors can consider adding corporate bonds from Electricity & Gas sub-sector to the 

portfolio when rising oil prices and financial crisis co-exist.  

Investors holding corporate bonds in Electricity & Gas, Insurance, Plastic & 

Rubber, and Transport Equipment sub-sectors need to be extra cautious about the general 

state of the economy and the phases of business cycles, and should prepare themselves 

for stressful situations.  

 

2.5.1.2 The Volatility Equation  

2.5.1.2.1 Asymmetric Effects of Return Shocks on Volatility 

A main contribution of this study is to investigate whether the reaction of the 

volatility of bond yields to positive and negative shocks is asymmetric. Another way of 

asking the same question is whether the volatility of corporate bond yields is affected 

differentially, in terms of magnitude, by positive and negative shocks. In the stock market 
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literature, this effect is known as the leverage effect (Nelson, 1991; Elyasiani et al., 

2013). The coefficient θ in Equation 2, which shows the strength of the reaction to 

unexpected shocks, measures the extent of the asymmetry (the so-called sign effect).  

Asymmetries are found to be significant only in Plastic & Rubber sub-sector, 

rejecting H4 (Table 5). We failed to reject H4 in the other eleven sub-sectors considered 

(Table 5; Chemical sub-sector failed to converge and is excluded from the discussion of 

asymmetry).  

 

Table 5 – Asymmetry Intensity 

Sub-sector Theta Std. Error t value Pr> |t| Asymmetry 

Intensity 

Coal -0.01 0.09 -0.07 0.942 1.01 

Electricity & Gas 0.08 0.07 1.10 0.2723 0.86 

Oil & Gas Extraction 0.01 0.07 0.21 0.8339 0.97 

Petroleum Refinery -0.02 0.07 -0.26 0.7935 1.04 

Depository Institutes 0.02 0.07 0.35 0.7259 0.95 

Insurance -0.04 0.06 -0.67 0.506 1.08 

Building 0.01 0.06 0.13 0.8954 0.98 

Chemical Fail to converge 

Plastic & Rubber 0.17 0.10 1.72 0.0854* 0.71 

Metal 0.04 0.07 0.66 0.5075 0.92 

Industrial Machinery 0.04 0.08 0.44 0.6594 0.93 

Transport Equipment 0.02 0.07 0.29 0.7742 0.96 

Air Transportation 0.02 0.05 0.48 0.6304 0.95 

Note:  The last column ‘Asymmetry Intensity’, measured by |-1+ θ | / (1+ θ), shows how 

a negative shock will differentially impact volatility, compared to a positive shock.  

 

“***” Significant at 99% confidence level; “**” Significant at 95% confidence level; 

“*” Significant at 90% confidence level; “.” Significant at 85% confidence level. 
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The Plastic & Rubber sub-sector has a positive asymmetry parameter, meaning 

that positive yield shocks lead to greater volatilities in corporate bond yields than 

negative shocks of the same magnitude. The Plastic & Rubber sub-sector is more 

sensitive to positive yield shocks than negative yield shocks. One explanation for the 

anomaly of greater effect from negative shocks may be that, when there is a negative 

shock, chemical companies compete to increase production since they perceive the 

negative shock (such as declining oil prices) to be short-lived, rather than being durable 

and long-lasting. The sudden expansion of the production for some firms could heighten 

the volatility of the corporate bond yields in this sub-sector as weaker players in the 

Chemical sub-sector are driven to distress and to defaulting on their bonds in response to 

rising oil prices.  

We can also evaluate the intensity or the relative strength of asymmetry by 

calculating the intensity ratio |-1+ θ | / (1+ θ) as discussed by Elyasiani and Mansur 

(2013). This ratio shows how differently a negative shock will affect volatility, compared 

to a positive shock of the same magnitude. The values for the intensity of asymmetry for 

the thirteen sub-sectors are reported in Table 5 (Asymmetry intensity column). The 

coefficient in the Plastic & Rubber sub-sector is 0.17, so that the intensity of asymmetry 

can be calculated as |-1+ θ |/ (1+ θ) = 0.71, indicating that a negative shock to the yields 

of the corporate bonds issued in this sub-sector is expected to generate 71% of the 

volatility increase generated by a positive shock of the same magnitude. When there is a 

negative shock to this sub-sector, such as rising oil prices, producers may have mixed 

views on whether such an increase is temporary or permanent. Volatility is heightened to 



 65 

a lesser degree when oil prices increase because the Federal Reserve Bank is expected to 

take actions to prevent inflation.  

There is no statistical evidence that the other eleven sub-sectors demonstrate 

asymmetric reactions to positive and negative shocks to returns (Chemical sub-sector is 

excluded from the discussion of asymmetry due to its lack of convergence). It is possible 

that the aggregate nature of the sectoral portfolio results in the counterbalancing of 

positive and negative asymmetries.  

Several authors have made efforts to explain the asymmetric effects on the stock 

market (Koutmos & Booth, 1995; Bernanke et al., 2005; Balke et al., 2002; Loungani, 

1986; Davis, 1987; Elyasiani & Mansur, 2013). These studies provide some useful ideas 

in predicting the bond market’s reaction to oil shocks. Bernanke et al. (2005) argue that 

monetary policy conducted by the Federal Reserve Bank is the main source of 

asymmetric responses in the stock market to external shocks. The U.S. Federal Reserve 

has generally taken aggressive measures to fight inflation increases triggered by rising oil 

prices, but has responded less strongly and less speedily to unexpected declines in 

inflation triggered by oil price declines (Zare at al., 2013; Kilian, 2014; Bernanke et. al, 

1997). Monetary policy can affect stock prices by altering the expected equity premium 

demanded by investors (Bernanke et al., 2005) through two channels. First, monetary 

policy affects the riskiness of stocks directly by altering the interest costs and the balance 

sheets of publicly owned companies (Bernanke et al., 2005). Second, monetary policy 

may affect the willingness of stock investors to bear risk by bringing about easier or 

tighter market conditions. Bernanke et al. (2005) point out that it is also possible for 

changes in monetary policy to cause rising volatilities in excess returns due to 
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overreaction of stock prices to monetary policies (Bernanke et al., 2005). Elyasiani and 

Mansur (2013) suggest that asymmetry may come from dissimilar reactions of investors 

to the upward and downward movements in the market place. 

 

2.5.1.2.2 The Volatility Persistence Parameter 

The GARCH parameter 𝛼𝑘 in the volatility equation of the EGARCH model 

measures the effect of past volatilities on current volatility, or how persistent volatilities 

are. We expect this parameter to lie between zero and the unit value (0 < 𝛼𝑘 <1) because 

values greater than 1 indicate explosive volatility patterns. We do not impose a non-

negativity constraint on this parameter. Instead, we judge its appropriateness by economic 

intuitions. It is not very likely that a shock affecting a corporate bond in the current week 

would have either zero effect or 100% effect in the following week. We find that the 𝛼𝑘 

values in 12 of 13 models do satisfy this regularity condition. The 𝛼𝑘 value for Chemical 

is 1.0038, which is slightly greater than 1. Indeed, the model failed to converge for the 

Chemical sub-sector. 

Table 6 reports the persistence results. Several conclusions can be drawn based on 

the estimates of the persistence parameter (𝛼𝑘). First, the persistence parameter (𝛼𝑘) is 

significantly different from zero for all 12 sub-sectors where 𝛼𝑘 converged, indicating the 

prevalence of persistence. The magnitude of this parameter shows the strength of 

volatility persistence for each sub-sector. For example, 𝛼𝑘 in the Coal sub-sector takes the 

value of 0.86, indicating that 86% of the volatility shock sustains itself from one week to 

the next, and that (86%) 4 or 56% of the shock survives after four weeks or one month, 

(86%)12 or 17% of the shock persists after 12 weeks or three months, and (86%)24 or 
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3% after six months. The large variation in shock persistence across individual sub-

sectors (the range is from 74% to 98%) is an indication that persistence is more 

meaningful at the sub-sector level than the aggregate sector level, as the latter masks the 

embedded differences. According to our findings, 64% of the shock exerted to the 

Industrial Machinery sub-sector remains in effect even six months after it is introduced. 

In comparison, the corresponding figures for Coal, Depository Institutes, Insurance, 

Plastic & Rubber, and Metal sub-sectors are less than 5% of the shock (Table 6). The 

magnitude of the volatility persistence parameter for the Oil & Gas Extraction sub-sector 

is very high (0.90), indicating that 90% of the impact of the volatility shock sustains itself 

from one week to the next and 7% remains after six months. The strength of volatility 

persistence for bonds in the Electricity & Gas sub-sector is 0.91, indicating that 91% of 

the volatility shock sustains itself from one week to the next and 9% or (91%)24 of the 

shock would survive after six months. More than half of the volatility shock to corporate 

bonds in ten of the 12 sub-sectors remains after a month.  
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Table 6 – Volatility Persistence 

Sector Sub-sector 
Persistence 

Parameter 

Half-life 

(# Weeks) 

Half-life 

(#month) 

% influence - Sub-sector level 

In 1 

week 

In 1 

month 

In 3 

Months 

In 6 

Months 

Oil-Substitute Coal 0.86 4.7 1.1 86% 56% 17% 3% 

Electricity & Gas 0.91 7.0 1.6 91% 67% 30% 9% 

Oil-Related Oil & Gas Extraction 0.90 6.7 1.5 90% 66% 29% 8% 

Petroleum Refinery 0.87 4.9 1.1 87% 57% 19% 3% 

Financial Depository Institute 0.84 3.9 0.9 84% 49% 12% 1% 

Insurance 0.74 2.3 0.5 74% 31% 3% 0% 

Oil-user Building 0.92 8.2 1.9 92% 71% 36% 13% 

Chemical The model failed to converge. 

Plastic & Rubber 0.87 5.0 1.2 87% 58% 19% 4% 

Metal 0.87 5.0 1.2 87% 58% 19% 4% 

Industrial Machinery 0.98 37.5 8.6 98% 935% 80% 64% 

Transport Equipment 0.94 10.6 2.4 94% 77% 46% 21% 

Air Transportation 0.93 10.0 2.3 93% 76% 44% 19% 

Note:  Half-life measures the length of time it takes for the volatility to move halfway back towards its unconditional mean 

following a deviation from it in response to a shock. HLS is defined as Ln (0.5)/Ln (αk) (Engle and Bollerslev, 1986). αk’s for all 12 

sub-sectors below are significant at 99% confidence level (Details in section 6.1.2.1). All 12 estimates are significant at 0.01.The 

numbers below show the percentage of the shock introduced remaining 1 week/1 month/3 months/6 months after a shock occurs to 

corporate bond yields. 
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Knowledge of volatility persistence patterns helps predict volatility levels in 

future periods. High volatilities will make it tougher for bond issuers to raise money and 

may ration out marginal firms with weak balance sheets from the market and/or raise the 

risk premia on their bond. Bond issuers with strong balance sheets are likely to benefit 

from high volatilities as differences in volatilities across sub-sectors shift capital around 

in favor of these issuers (flight to safety). Bond holders may have more opportunities to 

profit from volatilities if they make the right investment decisions and invest in 

companies which fare well in periods of high volatility. The similarities between the 12 

sub-sectors in terms of persistence of the impact can magnify the effect of the shock on 

the economy as a whole as it strengthens systemic effects and brings about the onset of 

crises. During times of heightening oil return volatility, skilled investors in these bonds 

could use oil future prices to predict the movements of their stocks, choose the sectors 

that fit their tolerance level for volatility, and use the appropriate financial instruments 

that profit on volatility. 

Another way to interpret the persistence parameter (𝛼𝑘) is to look at the half-life 

(HLS) of a shock to a bond. Half-life measures the time it takes for the volatility to move 

halfway back towards its unconditional mean after deviating from it (Elyasiani et al., 

2013). HLS is measured as: Ln (0.5)/Ln (𝛼𝑘) (Engle & Bollerslev, 1986). Using this 

formula, HLS for all sub-sectors are calculated and reported in Table 6 (half-life 

columns). As an example, the GARCH parameter (𝛼𝑘, “EGARCH1” column in Panel B 

of Table 4, “P value” row) of corporate bond returns in the Coal sub-sector take the value 

of 0.8642. The HLS for the Coal sub-sector is derived as: Ln (0.5)/Ln (0.86) = 4.7 weeks. 

This indicates that once a shock is introduced to the volatility of corporate bond returns in 
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the Coal sub-sector, it will take approximately five weeks for the volatility to move 

halfway back towards its unconditional mean.  

For a shock to the financial services sector, the half-lives in the Depository 

Institution and the Insurance sub-sectors are 3.9 and 2.3 weeks, respectively, 

demonstrating a quick movement back toward the unconditional mean after a shock is 

introduced. The half-life in the bond market (3.9 weeks) is longer than stocks in the same 

sub-sector (3 weeks according to Elyasiani et al., 2011). We consider the half-life for this 

sub-sector and the comparison between its bonds and stocks markets reasonable because 

bonds are traded less frequently (they have a thinner market and are less liquid). 

However, the half-life of a shock to an insurance stock is about 10 weeks (Elyasiani et al., 

2011), much longer than the three weeks found here for the bonds in the same sub-sector. 

Investors holding insurance stocks can add corporate bonds issued by the same sub-sector 

to diversify the volatility risk by limiting the persistence effect.  

A shock to the Industrial Machinery sub-sector has the most persistent or the 

longest lasting impact. The half-life of a shock to the bonds in the Industrial Machinery 

sub-sector is 8.6 months whereas the half-life of a shock to the stocks in this sub-sector is 

8 weeks (Elyasiani et al., 2011). This shows that the half-life for bonds in this sub-sector 

is longer than the stocks in the same sub-sector. This is because bonds are very 

infrequently traded. According to a report based on TRACE data, approximately 50% of 

the corporate bonds trade less than 125 times a year (SEC report by Goldstein
13

).  

The half-life of a shock to corporate bonds issued by the Electricity & Gas sub-

sector is approximately 7 weeks. This is shorter than the half-life of a shock to stocks in 

                                                 
13

 Goldstein, Michael, https://www.sec.gov/spotlight/fixed-income-markets/fixed-income-markets-

corporate-bonds-goldstein.pdf 
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the same sub-sector, which is found to be 19 weeks (Elyasiani et al., 2011). The Industrial 

Machinery sub-sector usually responds to negative external shocks by reducing 

production and labor, which leads to reduced volatility in the stocks. The recovery of this 

sector goes hand in hand with the general economy and aggregate demand. Seven weeks 

seem reasonable here as it takes time to re-adapt to smaller production scales and less 

labor.  

The half-life of a shock to the corporate bonds is longer than that of a shock to the 

stock in the same sub-sector in the following sub-sectors: Oil & Gas Extraction, 

Petroleum Refinery, Depository Institute, Building, Plastic & Rubber, Metal, Industrial 

Machinery, Transport Equipment, and Air Transportation (see Table 6 for details). The 

possible reasons for longer HLS in the bond market are: 1) there are rigidities in 

adjustment in the physical production side which lengthen the HLS; and 2) corporate 

bonds, in general, are less frequently traded and less liquid and, thus, less sensitive to 

external shocks than stocks in the same sector, in the immediate run. Equity research 

analysts and investors are better off not looking at current bond yields as a measure of 

firm outlook because information is incorporated in the yield movements with 

considerable lags.  

The half-life of a shock to corporate bonds is shorter than that of a shock to the 

stock in the following sub-sectors: Coal, Electricity & Gas, and Insurance (see Table 6 for 

details). The first two are oil-substitutes. It is possible that the oil 

drilling/refinery/extraction companies purchase bonds in the substitute sectors to hedge 

oil price risks and to obtain safer returns, thus leading to higher liquidity and quicker 

response time in these two sub-sectors. It is also possible that because the bonds issued in 
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these sub-sectors are a small share of the bond market, they are affected more heavily and 

more quickly. The reason why the HLS in the insurance sector is shorter in the bond 

market may be that demand for insurance bonds and the volume traded is high and these 

bonds produce relatively safer returns.  

From the comparisons between the corporate bond market and the stock market, 

we can see that the half-life of a shock to corporate bonds is, to a good extent, consistent 

with the half-life of a shock to the stocks in the same sub-sector, though it is generally 

longer in time span (see Table 7). The correlation of HLS between the stock market and 

the bond market is high in the oil-user (65.6%) and oil-substitute sectors (100%) and less 

so in finance or oil-related sub-sectors
14

. 

 

Table 7 – Comparison of  HLS between Stocks and Bonds 

Sector Sub-sector 
Persistence 

Parameter 

Elyasiani 

et. al 

(2011) 

This 

paper 

Pct 

Difference 

Oil-

Substitute 

Coal 0.86 42.00 33.2 -21% 

Electricity & Gas 0.91 135.90 48.8 -64% 

Oil-

Related 

Oil & Gas Extraction 0.90 17.30 46.6 170% 

Petroleum Refinery 0.87 8.80 34.5 292% 

Financial 
Depository Institute 0.84 20.20 27.0 34% 

Insurance 0.74 71.80 16.4 -77% 

Oil-user 

Building 0.92 0.40 57.4 14242% 

Chemical NA 34.7 
The model failed to 

converge. 

Plastic & Rubber 0.87 5.80 35.1 506% 

Metal 0.87 17.00 35.2 107% 

Industrial Machinery 0.98 31.30 262.7 739% 

Transport Equipment 0.94 14.20 74.1 422% 

Air Transportation 0.93 28.20 70.1 148% 

Note:  The table below presents the comparison of HLS between stocks (Elyasiani et 

al., 2011) and corporate bonds obtained from this paper across thirteen sub-sectors. 

                                                 
14

 There are only two sub-sectors in this sector.  
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2.5.2 Robustness Tests  

Schwarz Bayesian Criterion (SBC) and Akaike Information Criterion (AIC)
15

 are 

widely used to compare the performance between different GARCH family models (Haas 

et al., 2004). The lower in value these two criteria are, the better the model is considered 

to be. Lower SBC or AIC means that a model either uses fewer explanatory variables or it 

shows better fit of the data. These criteria are particularly attractive for models which 

cannot be nested within one another. In our case, since GARCH (1, 1) cannot be nested 

within EGARCH (1, 1), a traditional hypothesis testing method cannot be used to 

determine which of the two models is superior. Therefore, we compare nine GARCH-

family models with the EGARCH model that we have employed in this study
16

. We first 

check the overall performance of these ten models across the thirteen sub-sectors 

considered. We find that it makes little difference whether we rank the models according 

to AIC or SBC as both measures tend to give similar ranking. Hence, we present the 

ranking of all of the models based on the AIC. The best model, the one with the lowest 

AIC, is assigned the value of ‘1’, and the worst model, the one with the highest AIC is 

given a value of ‘10’. The EGARCH model is found to have the lowest overall score (44) 

and is the best model across all thirteen sub-sectors. The worst model is an AR(1), with 

                                                 
15

 SBC and AIC were developed by Gideon Schwarz (1978) and Hirotugu Akaike (1973), respectively.  

Both of these measures offer a tradeoff between model accuracy and complexity. Adding parameters to a 

model can usually increase the model’s likelihood statistics, but doing so may lead to over-fitting the 

model. SBC and AIC penalize an increase in the number of parameters when they evaluate the model, with 

the former more strongly than the latter. SBC is defined as SBC=𝑛 ∗ ln (Ϭ𝑒
2) + 𝑘 ∗ ln (𝑛) (Schwarz, 1978) 

where Ϭ𝑒
2 is the error variance, k is the number of parameters and n is the sample size. SBC is an increasing 

function of error variance and the number of parameters. Similarly, AIC is defined as AIC=2k-2ln (L) 

(Akaike, 1973), where k is the number of parameters in the model and L is the likelihood statistics. The 

negative sign in front of ln (L) and the positive sign before k show that AIC rewards goodness of fit while 

penalizing an increase in the number of parameters. 

16
 Include TGARCH (1,1), QGARCH (1,1), GARCH (1,1), PGARCH (1,1), ST_GARCH (1,1), GARCH-

M (1,1), AR(1), IGARCH(1,1) and ARCH(1).  
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the highest overall score of 106 (See Table 8 for detailed AIC statistics)
17

.  Table 9 

provides a comparison of the EGARCH and GARCH models via both the SBC and AIC 

metrics. 

 

                                                 
17

 Followed by Threshold GARCH (1,1) Model (TGARCH (1,1)), Quadratic GARCH (1,1) Model 

(QGARCH (1,1)), GARCH(1,1) Model, Periodic GARCH(1,1) Model (PGARCH(1,1)), Smooth Transition 

GARCH (1,1) (ST_GARCH (1,1)), GARCH in the Mean Model (GARCH-M (1,1)), and Integrated 

GARCH (1,1) Model (IGARCH (1,1)). More specifically, EGARCH (1, 1) has a lower AIC statistics in 9 

of 13 sub-sectors, compared to GARCH (1, 1).  The overall range of AIC is from 55 to 128. The four 

sectors where GARCH (1, 1) has a lower AIC statistics than EGARCH (1, 1) are Building, Industrial 

Machinery, Petroleum Refinery and Depository Institutions.  
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Table 8 – Comparison of the EGARCH Model and Competing Models 

Sub-sector Model SBC AIC Sub-sector Model SBC AIC 

Coal 

TGARCH_1_1 -325.7 -339.4 

Chemical 

EGARCH_1_1 -571.4 -588.8 

EGARCH_1_1 -325.4 -339.2 PGARCH_1_1 -551.7 -573.4 

PGARCH_1_1 -321.6 -338.8 GARCH_1_1 -559.9 -572.9 

QGARCH_1_1 -323.6 -337.4 QGARCH_1_1 -554.1 -571.5 

GARCH_1_1 -321.9 -332.2 GARCHM_1_1 -553.8 -571.2 

ST_EGARCH_1_1 -321.8 -332.2 TGARCH_1_1 -552.0 -569.4 

GARCHM_1_1 -316.9 -330.7 ST_EGARCH_1_1 -555.2 -568.2 

IGARCH_1_1 -317.1 -320.6 IGARCH_1_1 -546.1 -550.4 

Note:  This table consists of SBC/AIC statistics for a few other GARCH specifications.  Although no models can be rejected based 

on SBC/AIC statistics, it is easy to see that Exponential GARCH(1,1) (EGARCH (1,1)) tends to outperform the following alternate 

models for all thirteen sub-sectors: 

 Threshold GARCH (1,1) Model (TGARCH (1,1)) 

 Quadratic GARCH (1,1) Model (QGARCH (1,1)) 

 Standard Generalized Autoregressive Conditional Heteroskedasticity Model (GARCH(1,1)) 

 Periodic GARCH(1,1) Model (PGARCH(1,1)) 

 Smooth Transition GARCH (1,1) Model (ST_GARCH (1,1)) 

 Generalized Autoregressive Conditional Heteroskedasticity-Mean Model (GARCH-M (1,1)) 

 Integrated GARCH (1,1) Model (IGARCH (1,1)) 
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Table 8 – continued 

Sub-sector Model SBC AIC Sub-sector Model SBC AIC 

Electricity & 

Gas 

EGARCH_1_1 -875.7 -893.1 

Plastic & 

Rubber 

PGARCH_1_1 -756.6 -778.1 

PGARCH_1_1 -869.2 -890.9 TGARCH_1_1 -758.0 -775.2 

QGARCH_1_1 -871.0 -888.3 EGARCH_1_1 -754.8 -772.0 

TGARCH_1_1 -870.4 -887.8 QGARCH_1_1 -733.4 -750.5 

GARCH_1_1 -872.9 -885.9 GARCHM_1_1 -703.9 -721.1 

ST_EGARCH_1_1 -872.8 -885.8 GARCH_1_1 -707.8 -720.7 

GARCHM_1_1 -867.7 -885.0 ST_EGARCH_1_1 -707.1 -720.0 

IGARCH_1_1 -875.6 -879.9 IGARCH_1_1 -412.0 -416.3 

  

Oil & Gas 

Extraction 

EGARCH_1_1 -702.6 -719.9 

Metal 

PGARCH_1_1 -1,371.4 -1,393.1 

PGARCH_1_1 -697.7 -719.4 EGARCH_1_1 -1,372.8 -1,390.2 

QGARCH_1_1 -700.7 -718.1 GARCH_1_1 -1,376.1 -1,389.1 

TGARCH_1_1 -695.3 -712.6 ST_EGARCH_1_1 -1,375.4 -1,388.4 

ST_EGARCH_1_1 -696.5 -709.5 GARCHM_1_1 -1,370.0 -1,387.4 

GARCH_1_1 -693.7 -706.7 TGARCH_1_1 -1,370.0 -1,387.3 

GARCHM_1_1 -688.6 -706.0 QGARCH_1_1 -1,369.8 -1,387.2 

IGARCH_1_1 -489.6 -493.9 IGARCH_1_1 -1,335.3 -1,339.7 
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Table 8 – continued 

Sub-sector Model SBC AIC Sub-sector Model SBC AIC 

Petroleum 

Refinery 

QGARCH_1_1 -1,139.7 -1,157.1 Industrial 

Machinery 

ST_EGARCH_1_1 -965.8 -978.9 

TGARCH_1_1 -1,138.6 -1,156.0 QGARCH_1_1 -957.7 -975.0 

GARCH_1_1 -1,142.9 -1,155.9 GARCH_1_1 -960.8 -973.9 

ST_EGARCH_1_1 -1,142.5 -1,155.5 TGARCH_1_1 -955.4 -972.8 

EGARCH_1_1 -1,137.1 -1,154.5 GARCHM_1_1 -954.8 -972.2 

IGARCH_1_1 -1,149.9 -1,154.3 PGARCH_1_1 -950.3 -972.0 

PGARCH_1_1 -1,132.4 -1,154.1 EGARCH_1_1 -945.4 -962.7 

GARCHM_1_1 -1,136.6 -1,154.0 IGARCH_1_1 -904.2 -908.5 

  

Depository 

Institute 

GARCH_1_1 -1,736.1 -1,749.1 Transport 

equipment 

TGARCH_1_1 -925.8 -943.1 

ST_EGARCH_1_1 -1,735.4 -1,748.5 EGARCH_1_1 -925.5 -942.9 

GARCHM_1_1 -1,731.0 -1,748.4 QGARCH_1_1 -925.2 -942.6 

QGARCH_1_1 -1,730.4 -1,747.8 GARCH_1_1 -929.5 -942.5 

TGARCH_1_1 -1,729.5 -1,746.9 ST_EGARCH_1_1 -929.4 -942.4 

PGARCH_1_1 -1,723.5 -1,745.2 PGARCH_1_1 -920.0 -941.7 

EGARCH_1_1 -1,724.4 -1,741.7 GARCHM_1_1 -923.2 -940.6 

IGARCH_1_1 -1,734.7 -1,739.0 IGARCH_1_1 -912.2 -916.6 
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Table 8 – continued 

Sub-sector Model SBC AIC Sub-sector Model SBC AIC 

Insurance EGARCH_1_1 -744.9 -762.3 Air transportation QGARCH_1_1 -7.9 -24.5 

GARCH_1_1 -747.0 -760.0 EGARCH_1_1 -5.8 -22.4 

ST_EGARCH_1_1 -745.8 -758.8 GARCHM_1_1 -5.7 -22.4 

GARCHM_1_1 -741.4 -758.7 GARCH_1_1 -9.7 -22.2 

TGARCH_1_1 -740.4 -757.8 TGARCH_1_1 -5.2 -21.9 

QGARCH_1_1 -740.2 -757.6 PGARCH_1_1 -0.9 -21.7 

PGARCH_1_1 -735.0 -756.7 ST_EGARCH_1_1 -8.7 -21.2 

IGARCH_1_1 -732.4 -736.8 IGARCH_1_1 172.9 168.8 

  

Building TGARCH_1_1 -598.8 -615.5   

PGARCH_1_1 -593.1 -614.0 

GARCH_1_1 -600.8 -613.3 

ST_EGARCH_1_1 -600.7 -613.1 

QGARCH_1_1 -596.0 -612.7 

GARCHM_1_1 -594.7 -611.3 

EGARCH_1_1 -593.9 -610.6 

IGARCH_1_1 -592.6 -596.8 
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Table 9 – Comparing EGARCH and GARCH Models 

Sector Sub-sector Model SBC AIC Sub-sector Model SBC AIC 

Oil 

Substitutes 
Coal 

EGARCH_1_1 -325.4 -339.2 Electricity & 

Gas 

EGARCH_1_1 -875.7 -893.1 

GARCH_1_1 -321.9 -332.2 GARCH_1_1 -872.9 -885.9 
            

Oil Related 
Oil & Gas 

Extraction 

EGARCH_1_1 -702.6 -719.9 Petroleum 

Refinery 

GARCH_1_1 -1142.9 -1155.9 

GARCH_1_1 -693.7 -706.7 EGARCH_1_1 -1137.1 -1154.5 
            

Financial 
Depository 

Institute 

GARCH_1_1 -1736.1 -1749.1 
Insurance 

EGARCH_1_1 -744.9 -762.3 

EGARCH_1_1 -1724.4 -1741.7 GARCH_1_1 -747.0 -760.0 
            

Oil User 

Building 
GARCH_1_1 -600.8 -613.3 

Chemical 
GARCH_1_1 -960.8 -973.9 

EGARCH_1_1 -593.9 -610.6 EGARCH_1_1 -945.4 -962.7 
                

Plastic & 

Rubber 

EGARCH_1_1 -571.4 -588.8 
Metal 

EGARCH_1_1 -925.5 -942.9 

GARCH_1_1 -559.9 -572.9 GARCH_1_1 -929.5 -942.5 
                

Industrial 

Machinery 

EGARCH_1_1 -754.8 -772.0 Transport 

equipment 

EGARCH_1_1 -5.8 -22.4 

GARCH_1_1 -707.8 -720.7 GARCH_1_1 -9.7 -22.2 
         

Air 

transportation 

EGARCH_1_1 -1372.8 -1390.2      

GARCH_1_1 -1376.1 -1389.1         

Note:  Our main interest is to show that EGARCH (1, 1) fits the sub-sector level bond yield data better than GARCH (1, 1). From 

the chart below, we can see that EGARCH (1, 1) has a lower AIC statistics in nine of 13 sectors compared to GARCH (1, 1). The 

four sectors where GARCH (1, 1) has a lower AIC statistics than EGARCH (1, 1) are Building, Industrial Machinery, Petroleum 

Refinery and Depository Institution. 
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2.5.3 Comparison with Stock Literature   

Our results on the relationship between corporate bond yields and oil returns are 

in accord with previous literature on sectoral stock returns (Elyasiani et al., 2011). 

According to Elyasiani et al. (2011), oil price returns exert a significant effect on stock 

market returns in nine of the thirteen sub-sectors they consider. Consistent with these 

results, we find that oil returns do affect ten of the thirteen sub-sectors considered. The 

difference between the two markets is that oil returns demonstrate lagged effects on 

corporate bond yields and these yields do not always respond similarly, in terms of sign 

and magnitude, to oil returns over different lags. Oil returns have mixed effects on 

Electricity & Gas, Depository Institute, Plastic & Rubber, and Transport Equipment. 

Specifically, we find significant relationships between oil prices (contemporary or 

lagged) and corporate bond yields in three oil-user sub-sectors (Industrial Machinery, 

Plastic & Rubber, and Air Transportation) where no significant relationships were found 

in the previous literature on stocks. For the oil-user sectors, oil price returns only affect 

stocks in the Metal and Transportation Equipment sub-sectors, but they affect, 

immediately or with a time lag, corporate bonds issued in all sub-sectors except Building 

and Chemical sub-sectors. One reason why the sectoral relationships seem stronger in the 

bond market may be because, in our specification, lagged oil returns and an interactive 

term between oil returns and a financial crisis dummy are used to capture delayed 

responses and responses during economic downturns; the stock study mentioned above 

did not use this approach. Moreover, it is notable that the sample periods between our 

bond data and stock data used in existing stock literature are not identical – weekly data 

are used here where monthly data were used for the stock market study by Elyasiani et al. 
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(2011). It is possible that the impact on stock return is not immediate and, thus, lagged oil 

price returns need to be introduced in the stock analysis to better capture the reaction to 

the shocks. The half-life (HLS) for the bond market is generally longer than that in the 

stock market except Oil & Gas Extraction, Insurance, and Plastic & Rubber sub-sectors. 

The difference is due to liquidity problems and rigidities in adjustment in the bond 

market. Bonds are traded over the counter where stocks are mostly traded via a formal 

exchange. Bonds are more thinly traded compared to stocks and the volatility movement 

is less rapid than stocks.  

 

2.6 Conclusion 

This chapter investigates the relationship between corporate bond yields and oil 

price returns within an EGARCH framework allowing for heteroskedastic error terms, 

asymmetry of volatility response to positive and negative shocks (also known as the ‘sign 

effect’), and persistence of shocks to volatility (also known as the ‘size effect’). The main 

finding is that sub-sector level bond yields are associated with oil returns in most of the 

oil-substitute, oil-related, oil-user, and financial service sectors considered. The 

exceptions are Petroleum Refinery, Building, and Chemical sub-sectors. Rising oil prices 

are found to be a negative signal for the quality and the value of the bonds issued by 

Industrial Machinery and Air Transportation as evidenced in rising corporate bond yields. 

However, investors holding bonds issued by Oil & Gas Extraction, Insurance, and Metal 

are subject to the opposite effects and need to be cautious with declining oil prices, hedge 

against the potential risk, and diversify their portfolio with assets which benefit from 

declining oil prices. Rising oil prices have mixed effects on Electricity & Gas, Depository 

Institute, Plastic & Rubber, and Transport Equipment. The time it takes for corporate 
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bond yields to respond to a change in oil returns differs by sector. The yields do not 

always increase or decrease monotonically. There may be periods where yields oscillate 

over time in certain sub-sectors.  

We also find important results on shock persistence and size effects in the bond 

market. It takes more than eight months for the volatility of corporate bond yields issued 

in Industrial Machinery sub-sectors to go halfway back to their unconditional volatility 

level once a shock is introduced, indicating a strong persistence of the shock effects. For 

the bonds issued in all other sub-sectors, it takes less than two and a half months for the 

volatility to go halfway back to its unconditional volatility once a shock is introduced.  

Asymmetry is found to be prevalent in only one the sub-sectors considered. A 

positive shock such as declining oil prices will lead to greater volatility in corporate 

bonds issued in the Plastic & Rubber sub-sector than a negative shock of the same 

magnitude. Investors holding corporate bonds issued by the Plastic & Rubber sub-sector 

should hedge against large volatility coming from large positive shocks such as declines 

in oil prices. Policy makers and investors should be aware of the asymmetric impact that 

oil prices have on bonds issued in Plastic & Rubber sub-sector when evaluating the risks 

of these bonds. Other sub-sectors, with the exception of the Chemical sub-sector, seem to 

generate symmetric responses to positive and negative. 

Finally, we find that the EGARCH model has the lowest AIC statistics, compared 

to the ten GARCH-family competing models tested for the thirteen sub-sectors 

considered. This indicates that the EGARCH model is a better fit of the data than any of 

the rivaling models. It is notable though that AIC is only a relative measure and, thus, not 

a very rigorous way of comparing EGARCH and other GARCH-family models. Non-
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nested likelihood tests need to be employed to formally test which model is superior 

(Malmsten 2004). This can be explored in future research.  
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CHAPTER 

3 MARKET REACTION TO OIL DISCOVERY IN SOUTHERN ENGLAND 

AND THE MERGER OF ROYAL DUTCH SHELL AND THE BG GROUP 

 

3.1 Introduction 

On April 8, 2015, Netherlands-based oil giant Royal Dutch Shell (RDSA) 

announced that it had reached an agreement to acquire the BG Group (BRGYY), a 

British oil firm with a stockpile of prized oil fields off the coast of Brazil. Royal Dutch 

Shell is one of the biggest oil and gas companies in the world, producing 3.7 million 

barrels of oil equivalent per day in 2015 – about 5% of the total production volume from 

the world’s 21 largest oil and gas companies (See Table 10 for details; Forbes, 2015). The 

BG Group produced 606k barrels of oil equivalent per day in 2014 (BG Group, 2014
18

), 

about 16% of Shell’s pre-merger production volume.  As reported by CNN (Riley, 2015), 

this merger is considered to be the largest in the oil and gas sector since Exxon (XOM) 

bought Mobil in 1998. The announcement resulted in a 42% gain in BG’s stock price and 

4% decline in Shell shares (Kollewe & Finch, 2015)
19

 . 

  

                                                 
18

 Source: http://www.bg-group.com/ara/files/bg_AR14.pdf 

19
 Kollewe, Julia and Finch, Julia, 2015, the Guardian, 

http://www.theguardian.com/business/2015/apr/07/shell-gas-bg-group-takeover. 
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Table 10 – World’s Largest Oil Companies and Their Production Volume 

Rank Company  Country  
Production volume  

(boepd) 

Share 

(%) 

1 Saudi Aramco Saudi Arabia 12.0 14.9% 

2 Gazprom Russia 8.3 10.3% 

3 National Iranian Oil Iran 6.0 7.5% 

4 Exxon United States 4.7 5.9% 

5 Rosneft Russia 4.7 5.9% 

6 PetroChina China 4.0 5.0% 

7 BP U.K. 3.7 4.6% 

8 Royal Dutch Shell U.K. 3.7 4.6% 

9 Petroleos Mexicanos Mexico 3.6 4.5% 

10 Kuwait Petroleum Corp. Kuwait 3.4 4.2% 

11 Chevron United States 3.3 4.1% 

12 
Abu Dhabi National Oil 

Co. 

United Arab 

Emirates 
3.1 3.9% 

13 Total France 2.5 3.1% 

14 Petrobras Brazil 2.4 3.0% 

15 Qatar Petroleum Qatar 2.4 3.0% 

16 Lukoil Russia 2.3 2.9% 

17 Sonatrach Algeria 2.2 2.7% 

18 Iraq Ministry of Oil Iraq 2.0 2.5% 

19 PDVSA Venezuela 2.0 2.5% 

20 ConocoPhilips United States 2.0 2.5% 

21 Statoil Norway 2.0 2.5% 

    Total 80.3 100% 

 

 

On the following day (April 9, 2015), U.K. Oil & Gas, a British exploration firm, 

reported a major oil discovery in southern England
20

 near Gatwick Airport. Given the size 

and temporal proximity of these two major announcements, we would expect that the 

combined impact is not limited to the stocks of the firms involved, but would also spill 

over to the economy at large. An oil discovery in the U.K. is likely to reduce that 

country’s dependence on oil imports, which will benefit U.K. oil-user sectors 

                                                 
20

 Harrison, Virginia, April 9
th

, 2015, “U.K. makes a big oil discovery”, 

http://money.cnn.com/2015/04/09/investing/uk-oil-discovery/. 

http://money.cnn.com/2015/04/09/investing/uk-oil-discovery/
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significantly. Since the Netherlands is rich in oil, such positive shocks likely do not affect 

the Dutch oil-user sectors to the same degree. 

It is estimated that there may be up to 100 billion barrels of oil available at the 

Gatwick site (Saul & Sheffield, 2015
21

). This figure is more than double the amount of oil 

produced from Britain’s North Sea fields in the past 40 years. There have been only three 

discoveries in history where over 100 billion barrels of oil were found, the most recent 

(123 billion barrels) being in Santos/Campos, Brazil, in 2007 (See Table 11 for the 

biggest oil discoveries in history). This makes the southern England discovery very 

significant in size, compared to historical discoveries at the world level.  

 

Table 11 – The Biggest Oil Discoveries
22

 

No. Discovery 

year 

Location Country Estimated volume 

(Billion barrels) 

1 1948 Ghawar Saudi Arabia 162 

2 1938 Burgan Kuwait 150 

3 2007 Santos/Campos Brazil 123 

4 2015 Near Gatwick Airport U.K. Up to 100 

5 2000 Kashagan Kazakhstan 38 

6 2003 Ferdows Iran 31 

 

The U.K. has been a net exporter of crude oil and natural gas liquids since 2005
23

. 

The merger of the Royal Dutch Shell and the BG group in the U.K. and the subsequent 

                                                 
21

 http://www.independent.co.uk/news/business/news/ukog-share-price-explodes-as-gatwick-explorers-tap-

up-to-100-billion-barrels-of-oil-but-will-the-10164546.html.  

22
 Source for 1, 2, 3, 5 and 6: Bojinov, Stoyan, Jun 4

th
, 2015, “The 5 Biggest Oil Discoveries in History”, 

http://commodityhq.com/education/5-of-the-biggest-oil-finds-in-history/;  Source for 4: Moylan, John, 

April 9
th

, 2015, “Oil discovery near Gatwick Airport ‘Significant’, http://www.bbc.com/news/business-

32229203.  

23
 Source: U.S. Energy Information Administration, 

http://www.eia.gov/todayinenergy/detail.cfm?id=16971. 

http://www.independent.co.uk/news/business/news/ukog-share-price-explodes-as-gatwick-explorers-tap-up-to-100-billion-barrels-of-oil-but-will-the-10164546.html
http://www.independent.co.uk/news/business/news/ukog-share-price-explodes-as-gatwick-explorers-tap-up-to-100-billion-barrels-of-oil-but-will-the-10164546.html
http://commodityhq.com/education/5-of-the-biggest-oil-finds-in-history/
http://www.bbc.com/news/business-32229203
http://www.bbc.com/news/business-32229203
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oil discovery enhances the U.K.’s ability to increase its oil supply. It will be interesting to 

see whether, and to what extent, these events exert ripple effects on the stocks of different 

sectors of the U.K. economy, as well as its neighbors and trading partners. We investigate 

the effects on the Netherlands’ market as a representative case.  

This paper contributes to the literature regarding the intersection of oil and the 

stock market by examining the effect of a specific oil-supply-related event (as opposed to 

the effect of oil price changes) on sectoral stock returns in the U.K and the Netherlands. 

Since the merger and the oil discovery occurred just one day apart, we will refer to this 

nearly concurrent composite event as the “oil discovery event” going forward. Four main 

sectors are examined: oil-substitutes, oil-related, financial service, and oil-users. There 

are multiple sub-sectors within each sector, for a total of thirteen sub-sectors in the U.K. 

and ten sub-sectors in the Netherlands.  

We obtain three main results for the stock markets in the U.K and the 

Netherlands. First, six U.K. sub-sectors and three sub-sectors in the Netherlands were 

significantly affected by the oil discovery event. Second, the time it takes for stocks to be 

impacted varies by sub-sector. The stocks in the Coal, Oil & Gas Extraction, Depository 

Institutes, Chemical, and Plastic & Rubber sub-sectors in the U.K., and the Coal, 

Depository Institute, and Air Transportation sub-sectors in the Netherlands, had a 

significant positive spike as early as three days before the public announcement of the oil 

discovery event, indicating that the information may have been leaked. There was also a 

significant response on the first trading day following the event, indicating delayed and 

gradual reaction of the sub-sectors to the shock. The Coal and Plastic & Rubber sub-

sectors in the U.K., and the Coal sub-sector in the Netherlands, were all affected on the 
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day of the announcement. There were some lingering effects as evidenced by the 

abnormal movements in stock returns in the Coal sub-sector up to three days after the 

announcement, indicating strong sensitivity to the oil discovery event. Third, return 

volatilities in four sub-sectors in the U.K. and three sub-sectors in the Netherlands were 

found to respond to positive and negative news asymmetrically based on the volatility 

equation of the adopted model. 

The impact of the oil discovery event on the stock market in the Netherlands is 

similar to the U.K. market with a few interesting differences. First, understandably, the 

Dutch stock market is less strongly affected by the oil discovery event than the U.K. 

stock market. Only 30% of the Dutch sub-sectors were significantly affected by the 

announcement of the oil discovery event versus 54% in the U.K. Second, the event 

benefited the oil-user sector (Air Transportation sub-sector) in the Netherlands but had a 

mixed effect on the oil-user sectors in the U.K. – specifically, the Metal sub-sector 

showed positive abnormal returns whereas Chemical and Plastic & Rubber sub-sectors 

showed negative abnormal returns. Third, positive shocks generate more volatility in the 

Coal sub-sector than negative shocks of the same magnitude in the U.K. while the 

opposite is true for the same sub-sector in the Netherlands.  

The finding on asymmetry is important to stock investors. If stock investors are 

aware that positive (negative) events will increase stock return volatility to a larger extent 

than negative (positive) shocks, they can use this information to diversify and hedge their 

portfolio risk to account for this feature. If event-driven shock effects are asymmetric but 

incorrectly assumed to be symmetric, the potential loss (gain) due to the event will be 

estimated inaccurately, leading to sub-optimal decisions. Existing research has argued 
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that monetary policy, conducted by the Federal Reserve, is the main source of 

asymmetric responses in the U.S. stock market to external shocks (Bernanke et al., 2005). 

It is possible that monetary policies formulated by the Bank of England and Dutch 

National Bank have a similar impact on the stock returns and may be a potential source of 

the asymmetry observed in the current study. Detailed discussion of possible sources of 

asymmetry is presented in Section 1.5 of Chapter 1. 

The remainder of this chapter is organized as follows: Section 2 presents a brief 

literature review; Section 3 describes the data; Section 4 describes the model; Section 5 

presents the empirical results; and Section 6 concludes.  

 

3.2 Literature Review 

The literature on the relationship between oil prices and financial markets is 

largely focused on the association between oil price changes and stock returns at the 

national and sectoral levels (Elyasiani et al., 2011; Ramos & Veiga, 2011; Jones & Kaul, 

1996; Kilian & Park, 2009; Driesprong et al., 2008; Falzon & Castillo, 2013; Berk & 

Rauch, 2014). No study has examined the effects of specific oil-related market events on 

sectoral stock returns in the U.K. or in the Netherlands. The current literature (Fouquau, 

2009; Elyasiani et al., 2013; Romas & Veiga, 2011) shows that stock markets respond 

asymmetrically to oil price fluctuations, in the sense that oil price increases lead to 

volatilities that are of different magnitudes than those triggered by oil price decreases. No 

paper has examined whether the asymmetry exists in sectoral stock returns in the UK. or 

the Netherlands in the presence of oil-supply-related market events. There is research 

(Berk & Ranch, 2014; Humphrey et al., 2016; Patten & Nance, 1998; Hill & Scheeweis, 
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1983; Blacconiere & Patten, 1994) on the impact of market events on stock returns but 

most of this literature is focused on aggregate stock returns, not sectoral returns. There is 

also evidence on significant spillover effects from one market to another (Joshi, 2011; 

Natarajan et al., 2014; Alikhanov, 2013). It would be, therefore, interesting to examine 

whether there are any spillover effects between the U.K. stock market and the Dutch 

stock market (Please see Chapter 1 for a detailed review of the relevant literature).  

 

3.3 Data 

3.3.1 U.K. Data  

Daily U.K. stock closing prices from January 1, 2014, to November 27, 2015, are 

obtained from the Compustat database via Wharton Research Database Service. Longer 

time series are available, but are not used here considering that the information would be 

absorbed quickly and is not very likely to affect stock returns outside this time window. 

The market return in the U.K. is measured by the FTSE 100 index obtained from Yahoo 

Finance. “Abnormal return”, defined as the difference between sectoral stock returns and 

the returns of FTSE 100, measures any additional movement that is not driven by the 

movement in FTSE 100 index.  Since the merger and the oil discovery were announced 

on April 8 and 9, 2015, respectively, these dates are considered the event dates (D-1 and 

D0) in this study. D-3, D-2, D1, D2, and D3 refer to April 2, 7, 10, 13, and 14, 2015, 

respectively, as these were the closest trading days24. Important announcements and 

events from April 5
th

 to April 12
th

 that may affect or help explain our results are reported 

in Table 12.  

                                                 
24

 The U.K. stock market was closed from April 3 as it was Good Friday. It was closed on April 4 and 

April 5 as they are on a weekend. It was closed on April 6 as it was an Easter Monday.   
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Table 12 – The List of Events Around the Event Day 

Date Event Source 

4/7/2016 U.K. international reserve is published 

http://www.bankofengland.co.uk

/statistics/Pages/reserves/2015/m

ar.aspx 

4/7/2016 

The Netherlands Authority for the 

Financial Markets (AFM) published 

its annual report for 2015, in which 

AFM highlighted areas of financial 

sector that need improvement and its 

priorities for 2016. 

http://www.regulationtomorrow.

com/the-netherlands/afm-

publishes-its-annual-report-for-

2015/ 

4/8/2016-

4/9/2016 

Bank of England Monetary Policy 

Committee voted in favor of 

maintaining interest rate at their 

current historic low of 0.5% and the 

stock of purchased assets financed by 

the issuance of central bank reserves 

at 375 billion GBP. 

http://www.bankofengland.co.uk

/publications/minutes/Pages/mpc

/pdf/2015/apr.aspx; 

https://www.theguardian.com/bu

siness/2015/apr/09/bank-

england-holds-interest-rates-

until-after-general-election 

4/9/2016 

Oil Minister of OPEC suggested 

OPEC members curbing output to 

accommodate a potential rise in Iran’s 

oil exports. 

http://www.worldoil.com/news/2

015/4/14/iran-joins-opec-

member-libya-calling-on-group-

to-cut-oil-output 

4/11/2016 

The Netherlands Authority for the 

Financial Markets found that only 2 

out of 20 investment firms were 

deemed to obtain sufficient 

information on the risk appetite of 

their customers and published a 

guideline that intends to help 

investment firms to improve the 

quality of their customer files.  

http://www.regulationtomorrow.

com/the-netherlands/investment-

firms-need-to-know-their-

customers-better/ 

 

  

http://www.bankofengland.co.uk/statistics/Pages/reserves/2015/mar.aspx
http://www.bankofengland.co.uk/statistics/Pages/reserves/2015/mar.aspx
http://www.bankofengland.co.uk/statistics/Pages/reserves/2015/mar.aspx
http://www.bankofengland.co.uk/publications/minutes/Pages/mpc/pdf/2015/apr.aspx
http://www.bankofengland.co.uk/publications/minutes/Pages/mpc/pdf/2015/apr.aspx
http://www.bankofengland.co.uk/publications/minutes/Pages/mpc/pdf/2015/apr.aspx
https://www.theguardian.com/business/2015/apr/09/bank-england-holds-interest-rates-until-after-general-election
https://www.theguardian.com/business/2015/apr/09/bank-england-holds-interest-rates-until-after-general-election
https://www.theguardian.com/business/2015/apr/09/bank-england-holds-interest-rates-until-after-general-election
https://www.theguardian.com/business/2015/apr/09/bank-england-holds-interest-rates-until-after-general-election
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3.3.2 Netherlands Data  

Firm-level daily trading volumes and closing prices from May 25, 2011, to 

February 26, 2016, are from Compustat
25

. The sample periods between the U.K. and the 

Dutch data are slightly different because Compustat data refreshes data fairly frequently 

the data was not pulled on the same day. The daily closing price on the AEX index (a 

comprehensive stock index in the Netherlands) is from Trading Economics. “Abnormal 

return”, defined as the difference between sectoral stock returns and the returns of AEX, 

measures any additional movement that is not driven by the movement in AEX.  

We examine ten sub-sectors for the Netherlands.  Firm-level trading data available 

from Compustat covers 12 sub-sectors (no firm is classified under Electricity & Gas). 

Additionally, the Petroleum Refinery and Plastic & Rubber sub-sectors contain data only 

until 2012; since the oil discovery event occurred in 2015, these data were  not included 

in the current study. The ten sub-sectors in this study are: Coal, Oil & Gas Extraction, 

Depository Institute, Insurance, Building, Chemical, Metal, Machinery, Transport 

Equipment, and Air Transportation. Dummy dates are defined to be the same as in the 

U.K. model (see section 3.1 for U.K. Data) except D-3 (April 6, 2015), which was a 

trading day in the Netherlands, but not in the U.K. Important announcements and events 

from April 5
th

 to April 12
th

 that may affect or help explain our results are reported in 

Table 12. 

 

                                                 
25

 Note that Compustat data refreshes data fairly frequently and the period may differ slightly if the data is 

not pulled on the same day. 
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3.4 Model and Methodology 

3.4.1 Model Specification  

This paper conducts an event-study analysis of the oil discovery event on the 

stock market sectors of the U.K. and the Netherlands within a generalized EGARCH 

framework. We examine the excess returns associated with the effects of the oil discovery 

event prior to the event date, at the event date, and during the post-event period. We find 

that this oil discovery event generated significant effects on stock market returns in the 

U.K. and the Netherlands, but the effects are dissimilar across sectors. Sectoral volatility 

is found to have an asymmetric response to the positive and negative shock in some sub-

sectors. 

The current study is important to stock investors because, if they are aware that a 

certain type of shock (e.g., positive shocks) will increase stock return volatility to a larger 

extent than other types of shocks (negative shocks), they can diversify and hedge their 

portfolio risk accordingly. If the event-driven shock effects are asymmetric but are 

incorrectly assumed to be symmetric, the potential loss (gain) due to the event will be 

estimated incorrectly, leading to sub-optimal decisions. No empirical evidence exists as 

to whether expectations of declining oil prices are likely to alter the demand for stocks to 

the same extent as when oil prices are likely to increase. 

The event window for this study includes the event days -3, -2, -1, 0, 1, 2, and 3, 

where -1 is the announcement date of April 8, 2015 and 0 is the day of oil discovery 

(April 9
th

, 2015) in England (day 0 is referred to as the ‘event day’ thereafter).  Initially, 

we examined the model estimates seven days before and after the announcement, and 

found that market response is the most noticeable from three days before the event day to 
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three days after the event day. We chose this narrow window because as we are mostly 

interested in the immediate effect on the stock market. However, our primary results do 

not change when we replicate the analyses for broader windows.  

An EGARCH (1, 1) model is used for this analysis. The EGARCH model consists 

of a mean equation (Equation 1) describing the abnormal return level and a volatility 

equation (Equation 2) describing  the volatility of the abnormal return.  

𝑅𝑖,𝑡 = 𝛽𝑖,0 + 𝛽𝑖,1𝑅𝑚,𝑡 + 𝛾−3𝐷−3 + 𝛾−2𝐷−2 + 𝛾−1𝐷−1 + 𝛾0𝐷0 + 𝛾1𝐷1 + 𝛾2𝐷2 + 𝛾3𝐷3 +

𝜇𝑖,𝑡         (1)  

 log ϭ𝑡
2 = 𝜔 +  ∑ 𝛽𝑘

𝑞
𝑘=1 𝑔(𝑧𝑡−𝑘) + ∑ 𝛼𝑘

𝑝
𝑘=1 𝑙𝑜𝑔ϭ𝑡−𝑘 

2    (2) 

where 𝑔(𝑧𝑡) = 𝜃𝑧𝑡 + 𝜆(|𝑧𝑡| − 𝐸(|𝑧𝑡|)) and 𝜀𝑡 = 𝑧𝑡ϭ𝑡, , 

, , . 𝜔, 𝛽, 𝛼, 𝜆 are all estimated by the maximum 

likelihood estimator (MLE) procedure. 

A popular alternative is the Quantile Maximum likelihood estimator (QMLE). 

QMLE does not have a significant advantage over MLE for sectoral stock return data. 

QMLE is more appropriate for grouped response data than MLE, which is not the case 

for the current study. (see Section 2.3 for detailed comparison between MLE and QMLE).  

In this model 𝑧𝑡 is a standard normal variable, and 𝑔(𝑧𝑡) is an asymmetric 

function of both the magnitude and sign of 𝑧𝑡 in order to accommodate the asymmetric 

relationship between stock returns and volatility changes (St. Pierre, 1998). The 

formulation of 𝑔(𝑧𝑡) given above allows the sign and the magnitude of 𝑧𝑡 to have 

differential impacts on the volatility. The sequence {𝑔(𝑧𝑡)} is a zero-mean, independent-

and-identically-distributed (i.i.d.) random sequence by construction, where 𝜃 represents 

the effect of the sign of the return shock and 𝜆 represents the effect of the magnitude of 𝑧𝑡 

E(et ) = 0 E(etes ) = 0,"t ¹ s
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on conditional volatility (St. Pierre, 1998). The standardized residual, 𝑧𝑡, from the first 

equation is fed  into the second equation under the EGARCH (1, 1) framework. 𝑅𝑖,𝑡 is the  

aggregate return (trading volume weighted) across thirteen sub-sectors of the abnormal 

stock returns in the U.K. or the Netherlands
26

. 𝑅𝑚,𝑡 is the stock return as measured by the 

log change of FTSE daily closing prices (adjusted for dividends and splits) in the U.K. 

model
27

. This is the broad stock index impact that the paper controls. Adding this variable 

allows the model to examine the excess return. This is replaced by the log change of AEX 

closing prices in the Dutch model. 𝐷−3, 𝐷−2, 𝐷−1, 𝐷0, 𝐷1, 𝐷2, and 𝐷3 are dummy variables 

corresponding to the pre- and post-event dates as defined above. In this model, 𝛾𝑖 

parameters measure the magnitudes of the abnormal returns for event days (-3), (-2), (-1), 

(0), (1), (2) and (3).  

In Equation 2, ϭ𝑡 
2  is the conditional variance for time t of the error term 𝜇𝑖,𝑡; 

 𝑤, 𝛽, 𝛼, µ, Ѳ, and 𝜆 are coefficient parameters; and 𝑧𝑡 is the standardized residual from 

Equation 1. Parameter 𝛼𝑘 measures the GARCH effect (the effect of past volatilities on 

the current volatility). We can determine the persistence of a shock from the magnitude of 

the parameter 𝛼𝑘. A large 𝛼𝑘 implies much of the shock persists from one period to the 

next and, thus, it takes a long time for shocks to dissipate. Conversely, a small 𝛼𝑘 

indicates that the shocks from previous periods have little impact on the volatility in the 

current period and are, thus, not persistent.  

                                                 
26

 All Ri,t′s for the U.K. and the Netherlands are stationary based on Augumented Dickey Fuller test and 

Phillips Perron test.  

27
 Source: Yahoo Finance, 

https://uk.finance.yahoo.com/q/hp?s=%5EFTSE&b=1&a=00&c=2014&e=30&d=10&f=2015&g=d 
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By construction, {𝑔(𝑧𝑡)}𝑡=−∞,∞ is a zero-mean, independent and identically 

distributed (i.i.d.) random sequence. The advantage of an EGARCH model over the 

regular GARCH model is easy to see here. Since logϭ𝑡
2 (instead of ϭ𝑡

2) is modeled in this 

specification, as the measure of volatility, no non-negativity constraint is needed in the 

volatility equation. Each of the two components of 𝑔(𝑧𝑡), namely Ѳ𝑧𝑡 and 𝜆(|𝑧𝑡| −

𝐸(|𝑧𝑡|)), has a mean of zero. The component 𝜃𝑧𝑡 is known as the “sign effect” or the 

asymmetry effect. It measures the degree to which volatility increases differentially after 

a drop in oil return, compared to an increase of the same magnitude in oil return (Nelson, 

1991). If 𝜃 = 0, then the model is symmetric. When 𝜃 < 0, negative shocks generate more 

volatility than positive shocks; when 𝜃 > 0, positive shocks lead to greater volatility 

increases than negative shocks of equal magnitudes. The second component, 𝜆(|𝑧𝑡| −

𝐸(|𝑧𝑡|)), is the “magnitude effect” or “the size effect”. The function 𝑔(𝑧𝑡) is linear in 

𝑧𝑡 with the slope coefficient (𝜃 +  𝜆) if 𝑧𝑡 is positive, and ( 𝜃 −  𝜆)  if  𝑧𝑡 is negative 

(SAS Online Doc, Version 7-1, Chapter 8 Details).  

Suppose that 𝜃 = 0 and 𝜆 = 1. Then large innovations increase the conditional 

variance if |𝑧𝑡| − 𝐸(|𝑧𝑡|) > 0 and decrease it if |𝑧𝑡| − 𝐸(|𝑧𝑡|) < 0. Alternatively, 

suppose that 𝜃 < 1.  Then, the innovation in variance, 𝑔(𝑧𝑡), will be positive if the 

innovations 𝑧𝑡 are less than 

2

π

0.5

θ−1
. (SAS Online Doc, Version 7-1, Chapter 8 Details). 

Therefore, negative innovations in returns, 𝜀𝑡, cause the innovations in the conditional 

variance to be positive if 𝜃 is much smaller than 1 (SAS Online Doc, Version 7-1, 

Chapter 8 Details). Over the range 0 < 𝑧𝑡 ≤ ∞, 𝑔(𝑧𝑡) is linear in 𝑧𝑡 with slope 𝜃 +  𝜆, 

and over the range -∞ < 𝑧𝑡 ≤ 0, (𝑧𝑡) is linear in 𝑧𝑡 with slope 𝜃 −  𝜆. Thus, 𝑔(𝑧𝑡) allows 
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the conditional variance process {ϭ𝑡
2} to respond asymmetrically to increases and 

declines in the stock price (Nelson, 1991). 

EGARCH is superior to the GARCH model for the current study as it accounts for 

both the magnitudes and the signs of shocks (please see Section 2.2 of Chapter 1 for 

detailed comparison between EGARCH and GARCH).  

 

3.4.2 Hypotheses 

We examine four hypotheses in this paper. The first three hypotheses examine the 

effect the event has on sectoral stock returns in the U.K. and Netherlands before, during 

and after the event. The first three hypotheses can be formulated as: 

H1: The combined event has no impact on sectoral returns before the event 

date (𝛾−3=𝛾−2 = 𝛾−1 = 0). 

H2: The combined event has no impact on sectoral returns during the event date 

(𝛾0=0). 

H3: The combined event has no impact on sectoral returns after the event date 

(𝛾3= 𝛾2 = 𝛾1 = 0). 

 The fourth hypothesis examines whether negative shocks lead to the same level of 

volatility change as positive shocks of the same magnitude. This hypothesis can be 

formulated as: 

H4: Positive and negative shocks have symmetric impacts on the sectoral stock 

volatilities (𝜃 = 0). 
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3.5 Empirical Results 

This section discusses the estimation results obtained from the EGARCH model 

described earlier (Equations 1 and 2). Results are presented in Table 13. Panels A and C 

contain the results for Oil Substitutes, Oil-related, and Financial Service sectors in the 

U.K. and the Netherlands, respectively. Panel B and D present the results for Oil-user 

sectors in the U.K. and the Netherlands, respectively. The four panels have the same 

layout. The FTSE_Return column in Panel A and B and the AEX column in Panel C and 

D contain the estimated parameter for 𝑅𝑖,𝑡. D_3, D_2, D_1, D0, D1, D2, D3 columns 

contain the estimated parameter for 𝛾𝑖, which measures the magnitudes of the returns for 

event days (-3), (-2), (-1), (0), (1), (2) and (3), which are not explained by the movement 

in FTSE100 or AEX. EARCH0, EARCH1, EGARCH1 and Theta correspond to the 𝑤 

(the intercept), β𝑘, 𝛼𝑘 and Ѳ in the volatility equation (Equation 2). 𝑧𝑡 is the standardized 

residual from Equation 1.  

According to the results reported in Table 13, the oil discovery event had 

differential impacts on different stock market sectors in the U.K. and the Netherlands, 

both in terms of direction and magnitude. Specifically, six of the thirteen sub-sectors in 

the U.K. and three out of ten sub-sectors in the Netherlands considered were significantly 

affected by the oil discovery event as the coefficient estimates for event-related dummies 

(D_3, D_2, D_1, D0, D1, D2, D3) in the mean equation (Equation 1) are statistically 

significant (Table 13, Panel A-D, see p values in the row labeled ‘Pr>|t|’ under Columns 

D-3, D-2, D-1, D0, D1, D2 and D3).  
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Table 13 – Model Parameters 

Panel A, Mean Equation for Oil-Substitutes, Oil-related and Financial Service Sectors U.K. 

Variable Intercept FTSE D_3 D_2 D_1 D0 D1 D2 D3 

Coal 

Estimate 0.0012 0.2816 0.0131 0.0035 -0.1085 -0.0442 0.1422 -0.0054 -0.0100 

Std. Error 0.0011 0.1019 0.0742 0.0255 0.0257 0.0141 0.0189 0.0206 0.0056 

t Value 1.16 2.76 0.18 0.14 -4.23 -3.15 7.51 -0.26 -1.78 

Pr>|t| 0.2471  0.0057*** 0.8597  0.8907  <.0001*** 0.0017*** <.0001*** 0.7934  0.0746** 

Electricity & Gas 

Estimate -0.0005 0.8905 -0.0079 -0.0054 0.0074 -0.0085 -0.0115 -0.0057 -0.0097 

Std. Error 0.0008 0.0781 0.0205 0.0212 0.0230 0.0211 0.0217 0.0226 0.0190 

t Value -0.60 11.40 -0.39 -0.26 0.32 -0.40 -0.53 -0.25 -0.51 

Pr>|t| 0.5467  <.0001*** 0.6987  0.7982  0.7475  0.6858  0.5965  0.8012  0.6079  

Oil & Gas Extraction 

Estimate -0.0062 0.5086 -0.0005 0.0196 0.0188 0.0121 0.0055 0.0270 0.0261 

Std. Error 0.0004 0.0523 0.0527 0.0512 0.0056 0.0496 0.0495 0.0794 0.1248 

t Value -14.81 9.73 -0.01 0.38 3.36 0.24 0.11 0.34 0.21 

Pr>|t| <.0001*** <.0001*** 0.9926  0.7013  0.0008*** 0.8074  0.9109  0.7334  0.8345  

Petroleum 

Estimate -0.0009 0.9090 -0.0169 0.0196 -0.0197 0.0085 0.0089 -0.0037 0.0085 

Std. Error 0.0005 0.0421 0.0851 0.0777 0.0877 0.0760 0.0743 0.0416 0.0155 

t Value -1.84 21.61 -0.20 0.25 -0.22 0.11 0.12 -0.09 0.55 

Pr>|t| 0.0663** <.0001*** 0.8421  0.8011  0.8221  0.9105  0.9046  0.9285  0.5848  

 

  



 100 

Table 13 – continued 

Panel A, Mean Equation for Oil-Substitutes, Oil-related and Financial Service Sectors U.K. 

Variable Intercept FTSE D_3 D_2 D_1 D0 D1 D2 D3 

Depository Institute 

Estimate -0.0007 0.3031 0.0439 0.0016 0.0068 -0.0016 -0.0003 0.0028 0.0020 

Std. Error 0.0002 0.0207 0.0153 0.0118 0.0108 0.0105 0.0104 0.0104 0.0016 

t Value -3.15 14.64 2.87 0.13 0.63 -0.15 -0.03 0.27 1.27 

Pr>|t| 0.0016*** <.0001*** 0.0041*** 0.893  0.5289  0.8775  0.9745  0.7848  0.2053  

Insurance 

Estimate -0.0005 1.4512 -0.0053 -0.0275 0.0005 -0.0210 -0.0221 0.0007 -0.0020 

Std. Error 0.0012 0.1116 0.0252 0.0249 0.0277 0.0285 0.0272 0.0275 0.0266 

t Value -0.37 13.01 -0.21 -1.11 0.02 -0.74 -0.81 0.02 -0.07 

Pr>|t| 0.7129  <.0001*** 0.8345  0.2691  0.9843  0.461  0.4153  0.9802  0.9412  
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Table 13 – continued 

Note: 

 𝑅𝑖,𝑡 = 𝛽𝑖,0 + 𝛽𝑖,1𝑅𝑚,𝑡 + 𝛾−1𝐷−1 + 𝛾0𝐷0 + 𝛾1𝐷1 + 𝛾2𝐷2 + 𝛾3𝐷3 + 𝛾4𝐷4 + 𝜇𝑖,𝑡   (1) 

 log ϭ𝑡
2 = 𝜔 +  ∑ 𝛽𝑘

𝑞
𝑘=1 𝑔(𝑧𝑡−𝑘) + ∑ 𝛼𝑘

𝑝
𝑘=1 𝑙𝑜𝑔ϭ𝑡−𝑘 

2                                                                            (2) 

where 𝑔(𝑧𝑡) = 𝜃𝑧𝑡 + 𝜆(|𝑧𝑡| − 𝐸(|𝑧𝑡|)) and 𝜀𝑡 = 𝑧𝑡ϭ𝑡, , , , . 𝜔, 𝛽, 𝛼, 𝜆 

are all estimated by the maximum likelihood method.   

 

Equations 1 and 2 describe the mean and the volatility of the abnormal stock returns. 𝑧𝑡 is a standard normal variable. 

𝑔(𝑧𝑡) is an asymmetric function of both the magnitude and sign of 𝑧𝑡 in order to accommodate the asymmetric relation between 

stock returns and volatility changes (St. Pierre, 1998). The formulation for 𝑔(𝑧𝑡) allows the sign and the magnitude of 𝑧𝑡  to have 

differential impacts on the volatility. The sequence {𝑔(𝑧𝑡)} is a zero-mean, iid random sequence by construction, 𝜃 represents the 

effect of the sign of the return shock and 𝜆 represents the effect of the magnitude of 𝑧𝑡 on conditional volatility (St. Pierre, 1998). 

The standardized residual, 𝑧𝑡, from the first equation is fed into the second equation under the EGARCH (1, 1) framework. 𝑅𝑖,𝑡 is an 

aggregate across thirteen sub-sectors of the abnormal stock returns in the U.K. or the Netherlands. 

 

Panel A and C contains the estimation results for Oil Substitutes, Oil-related and Financial Service sectors in the U.K. and 

the Netherlands, respectively. Panel B and D present the results for Oil-user sectors in the U.K. and the Netherlands, respectively. 

The four panels have the same layout. The FTSE_Return column in Panel A and B and the AEX column in Panel C and D contain 

the estimated parameter for 𝑅𝑖,𝑡. 𝑅𝑚,𝑡 is the abnormal stock return as measured by the log change of FTSE dividends and splits 

adjusted daily closing price in the U.K.
28

 or the log change of AEX closing price in the Netherlands.  

 𝐷−3,  𝐷−2, 𝐷−1, 𝐷0, 𝐷1, 𝐷2 𝑎𝑛𝑑 𝐷3 columns contain the estimated parameter for 𝛾𝑖, which measures the magnitudes of the abnormal 

returns for event days (-3), (-2), (-1), (0), (1), (2), (3) and (4). EARCH0, EARCH1, EGARCH1 and Theta correspond to the w (the 

intercept), β𝑘, 𝛼𝑘 and Ѳ in the volatility equation (equation (2)). 𝑧𝑡 is the standardized residual from Equation 1.  

 

 

  

                                                 
28

 Source: Yahoo Finance, https://uk.finance.yahoo.com/q/hp?s=%5EFTSE&b=1&a=00&c=2014&e=30&d=10&f=2015&g=d 

E(et ) = 0 E(etes ) = 0,"t ¹ s
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Table 13 – continued 

Panel B, Mean Equation for Oil-user Sector in the U.K. 

Variable Intercept FTSE D_3 D_2 D_1 D0 D1 D2 D3 

Building 

Estimate -0.0001 1.8238 -0.0042 -0.0248 0.0041 -0.0132 -0.0096 0.0025 -0.0045 

Std. Error 0.0016 0.1315 0.0347 0.0263 0.0265 0.0264 0.0263 0.0264 0.0261 

t Value -0.06 13.87 -0.12 -0.94 0.16 -0.50 -0.36 0.09 -0.17 

Pr>|t| 0.9531  <.0001*** 0.9026  0.3461  0.8764  0.6156  0.7155  0.926  0.8641  

Chemical 

Estimate -0.0002 0.9240 -0.0028 -0.0412 0.0036 -0.0020 0.0039 0.0027 0.0035 

Std. Error 0.0005 0.0517 0.0190 0.0088 0.0093 0.0111 0.0090 0.0093 0.0109 

t Value -0.44 17.88 -0.15 -4.66 0.38 -0.18 0.44 0.29 0.32 

Pr>|t| 0.6597  <.0001*** 0.883  <.0001*** 0.7023  0.8547  0.6628  0.7731  0.747  

Plastic & Rubber 

Estimate 0.0018 0.9598 -0.0070 -0.0464 0.0101 -0.0284 -0.0175 -0.0234 -0.0089 

Std. Error 0.0003 0.0494 0.0144 0.0201 0.0572 0.0190 0.1008 0.0194 0.0964 

t Value 6.24 19.43 -0.49 -2.31 0.18 -1.49 -0.17 -1.21 -0.09 

Pr>|t| <.0001*** <.0001*** 0.6245  0.0211*** 0.8599  0.1365* 0.8625  0.2277  0.9268  

Metal 

Estimate -0.0025 0.5977 -0.0095 0.0029 0.0094 -0.0122 0.0065 -0.0082 0.0279 

Std. Error 0.0004 0.0467 0.0118 0.0091 0.0089 0.0099 0.0099 0.0122 0.0111 

t Value -6.36 12.81 -0.81 0.32 1.05 -1.23 0.66 -0.67 2.50 

Pr>|t| <.0001*** <.0001*** 0.4208  0.7509  0.292  0.217  0.5103  0.4999  0.0124*** 
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Table 13 – continued 

Panel B, Mean Equation for Oil-user Sector in the U.K. 

Variable Intercept FTSE D_3 D_2 D_1 D0 D1 D2 D3 

Machinery 

Estimate -0.0006 0.3312 0.0030 0.0046 0.0042 0.0000 0.0093 0.0010 0.0063 

Std. Error 0.0005 0.0335 0.0544 0.0973 0.1088 0.2853 0.2836 0.2283 0.0636 

t Value -1.25 9.89 0.06 0.05 0.04 0.00 0.03 0.00 0.10 

Pr>|t| 0.2123  <.0001*** 0.9555  0.9622  0.9691  0.9999  0.9737  0.9967  0.9211  

Transportation 

Estimate -0.0024 0.6603 -0.0045 -0.0061 0.0445 -0.0040 0.0065 -0.0024 0.0287 

Std. Error 0.0004 0.0311 0.0080 0.0167 0.0430 0.0153 0.0129 0.0094 0.0310 

t Value -6.79 21.23 -0.57 -0.37 1.03 -0.26 0.50 -0.25 0.93 

Pr>|t| <.0001*** <.0001*** 0.5716  0.7148  0.3016  0.7916  0.6156  0.8  0.3532  

Air Transportation 

Estimate -0.0004 2.6259 0.0015 -0.0296 0.0277 -0.0186 -0.0215 0.0003 0.0102 

Std. Error 0.0030 0.2563 0.0698 0.0514 0.0508 0.0520 0.0515 0.0518 0.0567 

t Value -0.15 10.24 0.02 -0.58 0.54 -0.36 -0.42 0.01 0.18 

Pr>|t| 0.8838  <.0001*** 0.9833  0.5649  0.5859  0.7202  0.6767  0.9956  0.8567  
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Table 13 – continued 

Panel C, Volatility Equation for Oil-Substitutes, Oil-related and Financial Service 

Sectors in the U.K. 

Variable EARCH0 EARCH1 EGARCH1 THETA 

Coal 

Estimate -1.6831 2.8783 0.5109 0.2006 

Std. Error 0.1609 0.0788 0.0307 0.0341 

t Value -10.46 36.54 16.65 5.88 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Electricity & Gas 

Estimate -7.0966 1.9791 -0.0257 -0.0260 

Std. Error 0.3596 0.1221 0.0508 0.0694 

t Value -19.73 16.22 -0.51 -0.38 

Pr>|t| <.0001*** <.0001*** 0.6123  0.7074  

Oil & Gas Extraction 

Estimate -4.3360 2.3184 0.3171 -0.7994 

Std. Error 0.3734 0.0889 0.0480 0.0458 

t Value -11.61 26.09 6.60 -17.46 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Petroleum 

Estimate -14.4711 0.3114 -0.5470 -0.2411 

Std. Error 1.5439 0.0858 0.1639 0.2442 

t Value -9.37 3.63 -3.34 -0.99 

Pr>|t| <.0001*** 0.0003*** 0.0008*** 0.3233  

Depository Institute 

Estimate -6.4743 1.8431 0.2885 -0.5849 

Std. Error 0.3780 0.1212 0.0390 0.0855 

t Value -17.13 15.21 7.39 -6.84 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Insurance 

Estimate -6.5460 1.8748 -0.0133 -0.0396 

Std. Error 0.3697 0.1427 0.0565 0.0819 

t Value -17.71 13.14 -0.23 -0.48 

Pr>|t| <.0001*** <.0001*** 0.8144  0.6291  
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Table 13 – continued 

Panel D, Volatility Equation for Oil-user Sectors in the U.K. 

Variable EARCH0 EARCH1 EGARCH1 THETA 

Building 

Estimate -6.2679 1.7987 -0.0136 -0.0076 

Std. Error 0.3809 0.1743 0.0609 0.0998 

t Value -16.46 10.32 -0.22 -0.08 

Pr>|t| <.0001*** <.0001*** 0.8236  0.9393  

Chemical 

Estimate -7.5169 2.8134 -0.1151 -0.0072 

Std. Error 0.1322 0.1442 0.0176 0.0586 

t Value -56.84 19.51 -6.53 -0.12 

Pr>|t| <.0001*** <.0001*** <.0001*** 0.9022  

Plastic & Rubber 

Estimate -6.9804 3.0643 -0.1411 -0.0112 

Std. Error 0.1678 0.0972 0.0240 0.0426 

t Value -41.60 31.54 -5.88 -0.26 

Pr>|t| <.0001*** <.0001*** <.0001*** 0.793  

Metal 

Estimate -6.4683 2.0095 0.1400 0.0563 

Std. Error 0.4021 0.0584 0.0504 0.0364 

t Value -16.08 34.43 2.78 1.55 

Pr>|t| <.0001*** <.0001*** 0.0054*** 0.1215* 

Machinery 

Estimate -14.0814 -0.2665 -0.4467 0.4213 

Std. Error 1.9563 0.0936 0.2034 0.1442 

t Value -7.20 -2.85 -2.20 2.92 

Pr>|t| <.0001*** 0.0044*** 0.0281*** 0.0035*** 

Transportation 

Estimate -5.9406 3.4656 -0.0376 0.3305 

Std. Error 0.1182 0.0763 0.0179 0.0296 

t Value -50.24 45.42 -2.10 11.17 

Pr>|t| <.0001*** <.0001*** 0.0359*** <.0001*** 

Air Transportation 

Estimate -5.0018 1.5271 0.0509 -0.0516 

Std. Error 0.2840 0.1761 0.0569 0.1114 

t Value -17.61 8.67 0.89 -0.46 

Pr>|t| <.0001*** <.0001*** 0.3713  0.6435  
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Table 13 – continued 

Panel E, Mean Equation for Oil-Substitutes, Oil-related and Financial Service Sectors in the Netherlands 

Variable Intercept AEX D_3 D_2 D_1 D0 D1 D2 D3 

Coal 

Estimate -0.0048 1.421 -0.0411 -0.0611 -0.0298 -0.0461 -0.0278 -0.0182 -0.0588 

Std. Error 0.001619 0.1209 0.028 0.1362 0.0619 0.0743 0.0721 0.058 0.0614 

t Value -2.97 11.76 -1.47 -0.45 -0.48 -0.62 -0.39 -0.31 -0.96 

Pr>|t| 0.003*** <.0001*** 0.1422* 0.6537  0.6298  0.5351  0.6998  0.7535  0.3383  

Oil & Gas Extraction 

Estimate -0.002 1.3972 0.0128 0.0248 -0.0598 0.0164 -0.0111 -0.0761 -0.0283 

Std. Error 3.1214E-06 0.0446 0.1634 0.1925 0.5003 1.5566 12.7643 1.1931 2.9718 

t Value -713.55 31.34 0.08 0.13 -0.12 0.01 0 -0.06 -0.01 

Pr>|t| <.0001*** <.0001*** 0.9375  0.8974  0.9048  0.9916  0.9993  0.9491  0.9924  

Depository Institute 

Estimate -0.0154 0.6665 -0.1683 1.4717 0.1587 0.5652 0.2448 0.1288 -2.223 

Std. Error 0.000366 0.0226 0.004848 0.3684 879.2638 0.5511 10.0155 0.1148 4.805 

t Value -42.15 29.5 -34.72 3.99 0 1.03 0.02 1.12 -0.46 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 0.9999  0.3052  0.9805  0.2619  0.6436  

Insurance 

Estimate 0.0098 1.5305 -0.0080 -0.0297 0.0199 -0.0104 -0.0175 0.013 -0.0039 

Std. Error 0.0003 0.0278 0.0913 0.0341 0.1021 0.0938 0.0621 0.1343 0.0693 

t Value 33.02 55.04 -0.09 -0.87 0.19 -0.11 -0.28 0.1 -0.06 

Pr>|t| <.0001*** <.0001*** 0.9303  0.3837  0.8455  0.9113  0.7782  0.9227  0.9551  
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Table 13 – continued 

Panel F, Volatility Equation for Oil-Substitutes, Oil-related and Financial Service 

Sectors in the Netherlands 

Variable EARCH0 EARCH1 EGARCH1 THETA 

Coal 

Estimate -5.5562 1.7659 -0.0336 -0.0908 

Std. Error 0.2803 0.091 0.0493 0.0593 

t Value -19.82 19.4 -0.68 -1.53 

Pr>|t| <.0001*** <.0001*** 0.4961  0.1261* 

Oil & Gas Extraction 

Estimate -10.5215 -0.4728 -0.6053 -0.7898 

Std. Error 0.0432 0.0423 0.006768 0.1412 

t Value -243.79 -11.18 -89.44 -5.59 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Depository Institute 

Estimate -0.6904 6.5409 0.2559 -0.8307 

Std. Error 0.089 0.0742 0.0204 0.0112 

t Value -7.76 88.13 12.52 -74.2 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Insurance 

Estimate -4.7136 3.7369 0.00735 0.872 

Std. Error 0.0968 0.0591 0.0159 0.0172 

t Value -48.71 63.18 0.46 50.58 

Pr>|t| <.0001*** <.0001*** 0.6432  <.0001*** 
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Table 13 – continued 

Panel G, Mean Equation for the Oil-user Sector in the Netherlands 

Variable Intercept AEX D_3 D_2 D_1 D0 D1 D2 D3 

Building 

Estimate 0.0002 1.3072 -0.0002 -0.0242 0.0183 -0.0042 -0.0060 0.0087 -0.0059 

Std. Error 0.0005 0.0422 0.1650 0.1661 0.1536 0.1769 0.4522 0.5336 0.1286 

t Value 0.3 30.95 0 -0.15 0.12 -0.02 -0.01 0.02 -0.05 

Pr>|t| 0.767  <.0001*** 0.9993  0.884  0.9052  0.9809  0.9895  0.987  0.9633  

Chemical 

Estimate 0.0002 0.9174 -0.0152 0.0243 -0.0075 -0.0133 0.0127 -0.0018 -0.0155 

Std. Error 0.0007 0.0482 0.047 0.0455 0.1133 0.0811 0.0409 0.0982 0.0621 

t Value 0.23 19.04 -0.32 0.54 -0.07 -0.16 0.31 -0.02 -0.25 

Pr>|t| 0.8156  <.0001*** 0.7472  0.5925  0.9475  0.8698  0.7556  0.9852  0.8033  

Metal 

Estimate -0.0089 -2.4423 -0.0015 0.0683 -0.0313 0.0277 0.0244 0.0064 0.0081 

Std. Error 0.0095 0.5704 0.3102 0.3152 0.3134 0.3148 0.3141 0.3144 0.3262 

t Value -0.94 -4.28 0 0.22 -0.1 0.09 0.08 0.02 0.02 

Pr>|t| 0.3479  <.0001*** 0.9962  0.8283  0.9205  0.93  0.938  0.9838  0.9801  

Machinery 

Estimate -0.00003 1.2357 0.00003 -0.0156 0.009321 -0.0248 -0.047 0.0020 -0.024 

Std. Error 0.0007 0.0335 0.0235 0.0237 0.0640 0.0242 0.0416 0.0905 0.0232 

t Value -0.05 36.91 0 -0.66 0.15 -1.02 -1.13 0.02 -1.04 

Pr>|t| 0.9618  <.0001*** 0.9991  0.5117  0.8842  0.3056  0.2592  0.9823  0.3007  
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Table 13 – continued 

Panel G, Mean Equation for the Oil-user Sector in the Netherlands 

Variable Intercept AEX D_3 D_2 D_1 D0 D1 D2 D3 

Transport Equipment 

Estimate 0.0019 2.3062 0.0067 -0.0447 0.0531 0.0156 -0.0109 0.0114 -0.0154 

Std. Error 0.0006 0.0476 0.0411 0.0456 0.0495 0.0531 0.0455 0.0507 0.0504 

t Value 3.24 48.44 0.16 -0.98 1.07 0.29 -0.24 0.23 -0.31 

Pr>|t| 0.0012*** <.0001*** 0.8698  0.3264  0.2835  0.7684  0.811  0.8216  0.7597  

Air Transportation 

Estimate 0.0223 -7.7443 -0.0103 0.4045 -0.1043 0.0617 0.0664 0.0083 -0.0073 

Std. Error 0.0052 0.2618 0.2248 0.2135 0.2168 0.2136 0.2152 0.2167 0.2335 

t Value 4.31 -29.58 -0.05 1.89 -0.48 0.29 0.31 0.04 -0.03 

Pr>|t| <.0001*** <.0001*** 0.9636  0.0582** 0.6303  0.7729  0.7578  0.9696  0.975  
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Table 13 – continued 

Panel H. Volatility Equation for the Oil-user Sector in the Netherlands 

Variable EARCH0 EARCH1 EGARCH1 THETA 

Building 

Estimate -0.6092 0.2591 0.9186 -0.1064 

Std. Error 0.0841 0.0235 0.011 0.0668 

t Value -7.24 11.04 83.72 -1.59 

Pr>|t| <.0001*** <.0001*** <.0001*** 0.1113* 

Chemical 

Estimate -5.2302 1.4564 0.0914 -0.1711 

Std. Error 0.0432 0.0364 0.007253 0.0328 

t Value -121.02 39.99 12.6 -5.22 

Pr>|t| <.0001*** <.0001*** <.0001*** <.0001*** 

Metal 

Estimate -3.105 0.9855 -0.0155 -0.0109 

Std. Error 0.2673 0.109 0.0829 0.1186 

t Value -11.62 9.04 -0.19 -0.09 

Pr>|t| <.0001*** <.0001*** 0.8512  0.9267  

Machinery 

Estimate -7.0382 1.5125 -0.0236 0.00006 

Std. Error 0.0377 0.0621 0.005018 0.0473 

t Value -186.79 24.35 -4.7 0 

Pr>|t| <.0001*** <.0001*** <.0001*** 0.999  

Transport Equipment 

Estimate -6.1016 1.6558 -0.0711 -0.0070 

Std. Error 0.1072 0.0504 0.017 0.0244 

t Value -56.92 32.86 -4.17 -0.29 

Pr>|t| <.0001*** <.0001*** <.0001*** 0.7755  

Air Transportation 

Estimate -3.3522 1.2306 -0.0388 0.0076 

Std. Error 0.1994 0.0814 0.0583 0.063 

t Value -16.81 15.11 -0.67 0.12 

Pr>|t| <.0001*** <.0001*** 0.5055  0.9039  
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3.5.1 Impact on Stock Return Levels 

3.5.1.1 Impact on Stock Return Level – U.K.  

We find that Chemical and Plastic & Rubber sub-sectors in the U.K. were 

negatively affected by the announcement, as shown by the significantly negative 

abnormal returns. On the other hand, Oil & Gas Extraction, Depository Institutes, and 

Metal sub-sectors are found to have benefited from the oil discovery event as evidenced 

by the respective positive abnormal returns. For the Coal sub-sector in the U.K., there are 

significant negative returns one day before, the day of, and three days after the oil 

discovery event, and positive returns one day after the event. These findings reject 

hypotheses H1, H2, and H3.  

The results also indicate that information was leaked in the Coal, Oil & Gas 

Extraction, Depository Institute, Chemical, and Plastic Rubber sub-sector as denoted by a 

significant abnormal return one to three days before the announcement was made 

(Table 13, Panel A-B, D_1 column in Coal section; D-2 column in Oil & Gas Extraction; 

D-3 column in Depository Institute section; D-2 column in Chemical section; D-2 in Plastic 

& Rubber section; see section 2 of Chapter 1 for detailed literature on information 

leakage). Coal and Metal sub-sectors had significant abnormal returns three days after the 

oil discovery event (Table 13, Panel A, D3 column in Coal and Metal sections), a finding 

that rejects hypothesis H3. This is an indication that the shock is absorbed and digested 

gradually for these two sub-sectors. The persistence of the shock effect makes sense for 

the Coal sub-sector because Coal is a substitute for oil and may not be affected 

immediately as it takes time to assess how much oil is extractable and whether the merger 

will produce positive or negative synergies. The Metal sub-sector was unaffected by the 



 112 

oil discovery event until the third day after the announcement, showing that it is possible 

that this sector is just slow in digesting the information and reacting to it.  

In terms of direction of the return, the Oil & Gas sub-sector is positively affected 

two days before the oil discovery event; this suggests a rejection of hypothesis H1. 

Estimation results are presented in Panel A of Table 13 D-2 columns. The oil discovery 

event has a significant and positive effect on Oil & Gas stocks in the U.K. two days 

before the event occurs. It has been reported in the media that BG shares soared after the 

announcement of the merger
29

. It is possible that the merger was expected before it 

actually occurred and, thus, the stock returns had a positive spike before the merger was 

announced. The U.K. Oil & Gas Extraction sub-sector as a whole is likely to benefit since 

the Gatwick oil discovery is likely to create more drilling, extraction, and refinement 

opportunities for oil and gas extraction firms.  

Significant positive abnormal returns are also observed for stocks in the 

Depository Institute and Metal sub-sectors in the U.K. The Depository Institute sub-

sector shows a positive and significant return three days before the oil discovery event, 

indicating a rejection of hypothesis H1 (Table 13, Panel A, D-3 column). The discovery is 

expected to satisfy 10% - 30% of U.K.’s oil demand (Moylan, 2015
30

) and to make the 

U.K. less reliant on imported oil, which should benefit local oil firms and firms that use 

oil as an input. Increased activities will likely increase financial transactions. Some bank 

clients may also benefit from the discovery, leading to declines in loan defaults. An 

                                                 
29

 Riley, Charles, April 8
th

, 2015, “Shell inks $70 billion deal as Big Oil gets even bigger”, 

http://money.cnn.com/2015/04/08/investing/shell-bg-energy-merger/?iid=EL. 

30
 Moylan, John, 2015, “Oil Discovery near Gatwick AirPort ‘Significant’”, 

http://www.bbc.com/news/business-32229203 

http://money.cnn.com/2015/04/08/investing/shell-bg-energy-merger/?iid=EL
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increase in oil supply is likely to make oil more affordable, thus, benefitting some oil-

user sectors. If most of Depository Institutes’ clients are invested in the oil-related sector 

or oil-user sectors that are positively affected by the event, they are likely to benefit from 

the oil discovery event. This will have a positive effect also on the Depository Institute 

sub-sector. 

The Metal sub-sector had a positive and significant abnormal return three days 

after the announcement; this rejects hypothesis H3 (Table 13, Panel B, D3 column, Pr > |t| 

row). This is to be expected as oil is an important part of the cost for the Metal sub-sector. 

The increase in oil supply may make oil more affordable, thus benefitting the Metal sub-

sector.  

The oil discovery event had a mixed effect on Coal stocks in the U.K., with 

negative abnormal returns for the Coal sub-sector one day before, and three days after the 

oil discovery event, and with positive returns one day after the event occurred, rejecting 

hypotheses H1 and H3 (Table 13, Panel A, D-1, D0, D1 and D3 columns in the ‘Coal’ 

section). It is likely that lower oil prices, due to the oil discovery, stimulate the economy, 

leading to increased demand for coal, despite the substitution effect between oil and coal. 

There were significant negative returns on the Coal sub-sector on the day when the 

merger was announced. This is theoretically expected as the merged firm will have more 

power to drive out coal producers through better technology, and perhaps drive 

regulations more favorable to oil and less favorable for coal. It is also possible that the 

artificially lowered oil prices in recent years are driving out the Coal sub-sector. There 

were also significant negative returns on the Coal sub-sector on the day the oil discovery 

was made public; this rejects hypothesis H2. This makes sense as a large increase in oil 
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supply is likely to lower oil prices and incentivize coal-users to switch to oil, which hurts 

the Coal sub-sector. The return shows a large positive rebound on the day after the oil 

discovery was made public (rejecting hypothesis H3), possibly trying to correct an 

overreaction on the first day, before another decline three days after the announcement of 

the oil discovery when they had almost fully digested the news. The latter may be a 

correction of the previous price movement. It is possible that it takes time for additional 

oil to be extracted and refined, and the impact on the Coal sub-sector would not be 

significant in the short term.  

Chemical and Plastic & Rubber sub-sectors had significant negative returns one 

day before the oil discovery event, rejecting hypothesis H1. The Plastic & Rubber sub-

sector also had a negative return on the day of the oil discovery event, rejecting 

hypothesis H2. One possible reason is that the merger increased monopolistic power of oil 

producers and was seen as signal for a rise in oil prices. Another possible reason is that 

the fall in oil prices due to the oil discovery would make it cheaper to make virgin 

plastics derived from oil which, in turn, could narrow the price difference between raw 

plastics price and virgin plastic, thus reducing the profit margin for the recyclers 

(Kantchev & Ng, 2015
31

). There may be other factors that affect the returns of Chemical 

stocks and Plastic & Rubber stocks as Elyasiani et al (2011) did not find that changes in 

oil returns have any significant impact on Chemical stocks or Plastic & Rubber stocks in 

the U.S. 

 

                                                 
31

 Kantchev, Gerorgi and NG, Serena, 2015, “Recycling Becomes a Tougher Sell as Oil Prices Drop”, 

http://www.wsj.com/articles/recycling-becomes-a-tougher-sell-as-plastic-prices-drop-1428279575.) 
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3.5.1.2 Impact on Stock Return Level – The Netherlands 

The main findings regarding the Netherlands are that the oil discovery event hurts 

the Coal sub-sector, has a positive effect on the Air Transportation and Depository 

Institute sub-sectors, and has no significant effect on Oil & Gas Extraction, Insurance, 

Building, Chemical, Metal, Industrial Machinery, and Transport Equipment sub-sectors. 

We fail to reject hypotheses H1, H2 and H3 in Oil & Gas Extraction, Insurance, Building, 

Chemical, Metal, Industrial Machinery, and Transport Equipment sub-sectors. In terms of 

timing, all abnormal returns occurred two to three days (on April 6
th

 and April 7
th

) before 

the oil discovery event, indicating that speculators took action in the stock market before 

the official announcement of the merger. Therefore, we can reject hypothesis H1 and fail 

to reject H2 in the Coal, Air Transportation and Depository Institute sub-sectors. There 

was news coverage on April 7 that Shell had started the conversation with BG Group, but 

the source indicated that there was uncertainty regarding the deal (Reed & Merced, 

2015
32

). Royal Dutch Shell’s lackluster performance in the fourth quarter of 2015 (44% 

lower than the same quarter in 2014; PR News Wire, 2015
33

) may have led to 

speculations that it will resort to acquisition to boost performance, which is a common 

means in the Oil & Gas industry for mega oil producers to get even bigger and more cost-

effective. Crude petroleum is the Netherlands’ largest import, representing 12.9% of the 

                                                 
32

 Reed, S. & Merced, M. J., April 7
th

, 2015, “Royal Dutch Shell in Talks with BG Group, a Gas 

Producer”, http://www.nytimes.com/2015/04/08/business/dealbook/royal-dutch-shell-in-talks-for-bg-

group-a-gas-

producer.html?rref=collection%2Ftimestopic%2FRoyal%20Dutch%20Shell%20P.L.C.&action=click&cont

entCollection=business&region=stream&module=stream_unit&version=latest&contentPlacement=47&pgt

ype=collection 

33
 “Royal Dutch Shell plc: 4

th
 Quarter and Full Year 2015 Unaudited Results”, Feb. 4

th
, 2016, PR 

Newswire, http://www.prnewswire.com/news-releases/royal-dutch-shell-plc-4th-quarter-and-full-year-

2015-unaudited-results-567630531.html 
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country’s total imports. It is possible that the Netherlands, as Shell’s home country, is 

affected more strongly and more comprehensively, than the U.K.. The acquisition may 

allow the Netherlands to rely more heavily on domestic crude petroleum than on imports. 

For the Depository Institute sub-sector, there was a small negative abnormal 

return three days before the event, and then a larger positive return a day after that, 

showing a positive overall effect, thereby rejecting hypotheses H1 and H3 (Table 13, 

Panel E, Columns D_3 and D_2, Row Pr>|t|). Shell’s stock price fell 6% after the 

announcements of the merger and of the Shell’s plan to cut jobs post-merger due to 

synergies with BG (Riley, 2015
34

). Job cuts may lead to reduced consumer spending and 

possible slowdown in the housing market, thus hurting Depository Institutes’ clients who 

are invested in consumer goods or real estate. In addition, Depository Institutes’ clients 

who invest in the Coal sub-sector could feel a negative impact if Shell-BG synergies lead 

to increased efficiency, lower oil prices, and, as a result, an attractive alternative to Coal. 

However, there was a larger rebound the next day. It is possible that the increased 

productivity in producing oil and the increase in oil supply were good news for oil 

producers and oil users. The rebound on the next day seems to indicate that more clients 

benefited from the oil discovery event than were hurt by the event. 

The positive abnormal return in the Air Transportation sub-sector is expected as 

fuel is a large part of their operating costs. As an oil-dependent sub-sector, it should 

benefit from rising oil supply and falling oil prices once the merger completes and more 

oil is being extracted, refined, and supplied to the market. 

 

                                                 
34

 Riley, Charles, 2015, “Shell Inks $70 Billion Deal as Big Oil Gets Even Bigger”, 

http://money.cnn.com/2015/04/08/investing/shell-bg-energy-merger/?iid=EL. 
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3.5.2 Asymmetric Effects of Shocks on Sectoral Stock Returns 

A contribution of this study is to investigate if the volatility of sectoral stock 

returns in the U.K. and the Netherlands responds to positive and negative shocks 

asymmetrically. In the literature, this is known as the leverage effect (Elyasiani et al., 

2013). The coefficient θ in Equation 2, which shows the strength of reaction to 

unexpected shocks, measures the extent of the asymmetry (the sign effect). The 

estimation results for the volatility equation (Equation 2) are reported in Table 14 (see 

‘Theta’ column for estimates of θ, the last column in Table 14, Panel A-D).  

Asymmetries are found to be present in four sub-sectors each in the U.K. and the 

Netherlands, thus rejecting hypothesis H4. In the U.K., these sub-sectors include Coal, 

Depository Institutes, Industrial Machinery, and Transport Equipment. In the 

Netherlands, they include Coal, Insurance, Building, and Chemical. Presence of 

asymmetry is denoted by the significance of the θ parameter in the EGARCH model 

(Table 14, ‘Pr>|t|’ column). No significant asymmetric effect is found in the remaining 

nine sub-sectors in the U.K. and six sub-sectors in the Netherlands. Hence, we fail to 

reject H4 in these sub-sectors. If θ is positive, then positive shocks lead to greater 

volatilities in stock returns, than negative shocks of the same magnitude. If θ is negative, 

then negative shocks would lead to greater volatilities in stock returns, than positive 

shocks of the same magnitude. If θ is zero, then negative shocks and positive shocks of 

the same magnitude engender the same level of volatilities in stock returns and symmetry, 

as opposed to asymmetry, prevails.  
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Table 14 – Asymmetry Intensity 

Sub-sector Theta 
Std. 

Error 
t value p value Pr> |t| 

Asymmetry 

Intensity 

United Kingdom 

Coal 0.20 0.03 5.88 <.0001 <.0001*** 0.67 

Electric & Gas Fail to converge 

Oil & Gas 

Extraction 
Fail to converge 

Petroleum Refinery Fail to converge 

Depository 

Institutes 
-0.58 0.09 -6.84 <.0001 <.0001*** 3.82 

Insurance Fail to converge 

Building Fail to converge 

Chemical Fail to converge 

Plastic & Rubber Fail to converge 

Metal Fail to converge 

Industrial machinery 0.42 0.14 2.92 0.00 0.0035*** 0.41 

Transport 

Equipment 
0.33 0.03 11.17 <.0001 <.0001*** 0.50 

Air Transportation Fail to converge 

The Netherlands 

Coal -0.09 0.06 -1.53 0.13 0.1261* 1.20 

Oil & Gas 

Extraction 
Fail to converge 

Depository Institute Fail to converge 

Insurance 0.87 0.02 50.58 <.0001 <.0001*** 0.07 

Building -0.11 0.07 -1.59 0.11 0.1113* 1.24 

Chemical -0.17 0.03 -5.22 <.0001 <.0001*** 1.41 

Metal Fail to converge 

Machinery Fail to converge 

Transportation Fail to converge 

Air Transportation Fail to converge 

Note:  Theta column contains the estimated theta in the volatility equation (2). Asymmetry 

intensity column is calculated based on the formula |-1+ θ | / (1+ θ). Pr>|t| column shows 

the significance of the estimated parameter. 

 

“***” Significant at 99% confidence level; “**” Significant at 95% confidence level; “*” 

Significant at 90% confidence level; “.” Significant at 85% confidence level. 
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3.5.2.1 Empirical Evidence of Asymmetry – U.K. 

It is important to define positive and negative shocks before reviewing the 

estimation results of asymmetric shocks. The shocks refer to the general shocks that 

affect a particular sector. Thus, positive shocks refer to anything that positively affects the 

stock returns in the sub-sector in question. Similarly, negative shocks refer to any factor 

or market event that negatively affects the stock returns. Oil price movements can be one 

possible source of shocks based on the literature reviewed in Chapter 1. Rising oil prices 

are good for the Oil & Gas Extraction sub-sector and bad for oil-user sectors. Thus, rising 

oil prices are considered positive shocks for the former sub-sector and negative shocks 

for the latter.  

Our estimation results indicate that the asymmetry parameter (θ) takes different 

signs and magnitudes for different sub-sectors. Specifically, the Depository Institute sub-

sector in the U.K. has a negative asymmetry parameter (θ), meaning that negative shocks 

lead to greater volatilities in sectoral stock returns, than positive shocks of the same 

magnitude. Contrary to this, the Coal, Industrial Machinery, and Transport Equipment 

sub-sectors have a positive asymmetry parameter, meaning that positive shocks lead to 

greater volatilities in sectoral stock returns than negative shocks of the same magnitude.  

These results are in agreement with the literature on the U.S. stock market 

(Elyasiani et al., 2011) in that the Coal sub-sector responds to positive shocks, such as 

rising oil prices, more strongly than negative shocks, such as a large oil discovery
35

. Coal 

is a substitute for oil. Rising oil prices tend to incentivize oil-users to switch away from 

                                                 
35

 Large oil discoveries are likely to depress oil prices, thus making oil a more attractive alternative to 

Coal, which may lower the demand for Coal. Hence, this is considered a negative shock for the Coal sub-

sector here. 
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oil to coal, thus, leading to higher returns in the Coal sub-sector (Elyasiani et al., 2011).  

On the contrary, an increase in the oil supply is likely to make oil more affordable, thus 

hurting Coal stocks (substitution effect).  

Positive shocks such as oil price declines are found to lead to greater volatility in 

Industrial Machinery and Transport Equipment stocks, than negative shocks of the same 

magnitude. It is likely that the positive shock due to the oil discovery generates greater 

uncertainty in the market than negative shocks such as oil price increases would, and 

heightens volatility to a larger extent. Oil is a significant cost item for these two sub-

sectors. Consequently, oil discovery and the merger of the two oil firms are likely to 

increase the oil supply and depress oil prices, which will benefit these oil-dependent sub-

sectors through increased profit margins. The firms in these sub-sectors may be 

challenged in determining their responses to the declining oil prices. Since it takes time to 

develop the infrastructure to produce new oil reserves, and there are other uncertainties 

regarding whether the two merged firms can have good synergies, different firms will 

have different perspectives on the immediate impact of this discovery on the sub-sector, 

leading to higher volatility in the stock returns.  

The Oil and Gas Extraction sub-sector in the U.K. also responded more strongly 

to negative shocks than to positive shocks. It is possible that negative shocks such as 

declining oil prices immediately narrow the spread this sub-sector makes between the 

price of the raw input and the price of the final product. Positive shocks such as oil 

discoveries are not likely to have an immediate effect on this sub-sector’s spread because 

it takes time for the market to make an assessment of how much oil and what type of oil 

is actually extractable.  
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3.5.2.2 Empirical Evidence of Asymmetry – Netherlands 

Four sub-sectors in the Netherlands show asymmetric responses to external 

shocks such as the oil discovery event discussed here, rejecting hypothesis H4. They are 

Coal, Insurance, Building, and Chemical (Table 14, Pr>|t| column). There is no evidence 

that the other six sub-sectors respond to external shocks asymmetrically. Hence, we fail 

to reject H4 for these six sub-sectors. This provides support for the prevalence of 

symmetry in these sub-sectors. Negative shocks are found to generate greater volatility in 

stocks issued by Coal, Building, and Chemical sub-sectors, than positive shocks of the 

same magnitude while the opposite is true for insurance stocks. The results for Building 

and Chemical sub-sectors are similar to those discussed for these sub-sectors in the U.K. 

The volatility of Coal stocks in the Netherlands is more sensitive to negative 

shocks than positive shocks, which is the opposite of the behavior of Coal stocks in the 

U.K. Negative shocks to the Coal sub-sector, such as the sudden increase in oil supply, 

are likely to make oil more affordable, which will hurt the Coal sub-sector further. The 

oil-user sub-sectors (Building and Chemical) in the Netherlands are more sensitive to 

negative shocks than positive shocks, whereas the opposite is true for the oil-user sector 

in the U.K. The Netherlands export petroleum to the U.K., but the U.K. mainly exports 

finished products to the Netherlands (The Observatory of Economic Complexity report; 

UK trade, 2014
36

). The Insurance stocks demonstrate significant asymmetry in the 

Netherlands while no such evidence was found in the U.K. The dissimilarity is probably 

                                                 
36

 http://atlas.media.mit.edu/en/profile/country/nld/; 

http://webarchive.nationalarchives.gov.uk/20160105160709/http://www.ons.gov.uk/ons/rel/uktrade/uk-

trade/december-2014/sty-trade-rotterdam-effect-.html 

http://atlas.media.mit.edu/en/profile/country/nld/
http://webarchive.nationalarchives.gov.uk/20160105160709/http:/www.ons.gov.uk/ons/rel/uktrade/uk-trade/december-2014/sty-trade-rotterdam-effect-.html
http://webarchive.nationalarchives.gov.uk/20160105160709/http:/www.ons.gov.uk/ons/rel/uktrade/uk-trade/december-2014/sty-trade-rotterdam-effect-.html
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due to the dissimilar clientele mix of the insurers in the two countries; Dutch insurance 

firms may have more clients that react to positive shocks than negative shocks compared 

to the U.K. 

 

3.5.2.3 Asymmetry Intensity 

3.5.2.3.1 Asymmetry - U.K. 

We evaluate the intensity of asymmetry by calculating the intensity ratio |-1+ θ | / 

(1+ θ). As discussed by Elyasiani and Mansur (2013), the asymmetry intensity ratio 

shows how different a negative shock will affect volatility compared to a positive shock 

of the same magnitude. The asymmetry intensity values for the sub-sectors under study 

are reported in Table 14 (Asymmetry intensity column in Table 14).  

The estimate for parameter θ in the Coal sub-sector is 0.20, which means the 

intensity of asymmetry is 0.67. This indicates that a negative shock to stock returns 

issued by the Coal sub-sector will increase volatility to a much lesser degree than to a 

positive shock of the same magnitude. One possible reason is that a negative shock such 

as an increase in oil supply is likely to depress oil prices, which will incentivize coal-

users to consider alternative energy sources such as oil, which is likely to hurt the coal 

market, resulting in some volatility in coal stocks. The volatility of coal stock returns will 

rise much more when there is a positive shock that incentivizes consumers of coal’s 

substitutes start to switch to coal.  Given the asymmetry in response to shocks, investors 

holding stocks issued by the coal sub-sector need to monitor the prices of coal’s 

substitutes closely to determine the correct risk premium on these stocks. They will also 
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be better off to include some stocks with opposite behavior to moderate the effect of the 

prevailing asymmetry. 

Based on the value of the parameter θ, the intensity of asymmetry in the 

Depository Institute sub-sector is 3.82 (Asymmetry intensity = |-1-0.58|/(1-0.58)=3.82) 

and, hence, a negative shock to stock returns issued in this sub-sector is expected to cause 

282% more volatility than that generated by a positive shock of the same magnitude. If 

the speed at which clients default on their loans is faster than what was assumed in the 

risk management system of these deposit institutes, or the default amount is larger than 

deposit institutes’ risk tolerance, the stock return will be negatively affected.  

The asymmetry parameter θ for Industrial Machinery and Transport Equipment 

sub-sectors are significant and positive (0.42 and 0.33), which translates to an asymmetry 

intensity parameter of 0.41 and 0.50, respectively. This means that a negative shock to an 

industrial machinery stock is expected to cause 41% of the volatility that would be 

generated by a positive shock of the same magnitude. Similarly, a negative shock to a 

Transport Equipment stock is expected to cause 50% of volatility generated by positive 

shocks of the same magnitude. Positive shocks such as an increase in oil supply and 

rising productivity in oil extraction and refining industries are likely to make the stocks in 

these two sectors more volatile than negative shocks such as rising oil prices. It is 

possible that the demands for machinery and transportation are both inelastic, and firms 

can easily pass the additional costs to the consumers. In this scenario, the firms may not 

need to lower their prices if there are positive shocks to these two industries, resulting in 

curtailment of volatility fluctuations.  
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There is no statistical evidence that the remaining U.K. sub-sectors demonstrate 

asymmetric reactions to positive and negative shocks to returns. It is possible that the 

aggregate nature of the sectoral portfolio results in counterbalancing of positive and 

negative asymmetries.  

 

3.5.2.3.2 Asymmetry Intensity – The Netherlands 

In the Netherlands, the insurance sub-sector exhibits asymmetry, with negative 

shocks to returns generating only 7% of the volatility triggered by positive shocks of the 

same magnitude. The other three sub-sectors displaying asymmetry are more vulnerable 

to negative shocks (Table 14, ‘Asymmetry Intensity’ column). For the Coal, Building, 

and Chemical sub-sectors, negative shocks generate 20% to 41% more volatility than 

positive shocks of the same magnitude. There is no statistical evidence that the remaining 

Dutch sub-sectors demonstrate asymmetric reactions to positive and negative shocks. It is 

possible that the aggregate nature of the sectoral portfolio results in counterbalancing of 

positive and negative asymmetries prevailing within the portfolio.  

 

3.5.2.4 Source of Asymmetry  

Several authors have made efforts to explain the sources of asymmetric effects on 

the stock market (Koutmos & Booth, 1995; Bernanke et al., 2005; Balke et al., 2002; 

Loungani, 1986; Davis, 1987; Elyasiani & Mansur, 2013). These studies provide useful 

insights on sectoral market reactions to oil shocks (Please see Chapter 1 for detailed 

discussion of sources of asymmetry).  
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3.5.3 Model Extension and Further Tests 

The following model extensions and tests are carried out: (1) we investigate 

whether the results would be distorted if the basic event study approach (the Ordinary 

Least Square (OLS) technique) is used to conduct the analysis; (2) we test the cumulative 

sum of all effects due to the oil discovery over time in order to see whether the overall 

effects are positive or negative; and (3) we check whether the oil discovery event affects 

the volatility of the sectoral stock returns in the U.K. and the Netherlands, in addition to 

the effect on the mean sectoral returns. 

First, we conducted the oil discovery event study for the U.K. stock market using 

a single equation framework and the Ordinary Least Squares (OLS) procedure. The OLS 

results are presented in Table 15. Our new results show that the OLS can capture some, 

but not all, of the significant dummy coefficients found in the EGARCH model. This 

finding proves that using a single equation framework can distort the results producing 

misleading conclusions and incorrect policy implications. More specifically, the OLS 

results can capture all the significant date dummies in two out of the thirteen sub-sectors 

considered (Depository Institute and Chemical). It can capture the effect of the D1 

dummy but not that of the D_1, D0, and D3 dummies in the Coal sub-sector. For Oil & 

Gas, Plastic & Rubber, and Metal sub-sectors, the OLS technique failed to capture any 

significant dummies, demonstrating the superiority of the extended EGARCH framework 

used earlier. The OLS and the single-equation framework also mistakenly indicate that 

D_1 and D_2 dummies are significant for the Petroleum sub-sector, which were not 

significant according the estimation results from EGARCH models.  
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Table 15 – Model Results Using the Ordinary Least Squares (OLS) 

Panel A, Oil-substitutes, Oil-related and Financial Service Sub-sectors in the U.K. 

Variable Intercept FTSE_return D_3 D_2 D_1 D0 D1 D2 D3 

Coal 

Parm. 

Estimate 
-0.0068 -1.1979 0.0264 0.0391 -0.1057 -0.0197 0.1658 -0.0027 0.0094 

Std. Error 0.0034 0.3667 0.0750 0.0753 0.0750 0.0751 0.0751 0.0750 0.0750 

t Value -1.98 -3.27 0.35 0.52 -1.41 -0.26 2.21 -0.04 0.13 

Pr > |t| 0.0479*** 0.0012*** 0.7255 0.6043 0.1597 0.7936 0.0278*** 0.9714 0.9004 

Electricity & Gas 

Parm. 

Estimate 
0.0007 1.0137 -0.00231 -0.0001 0.01453 -0.00269 -0.0054 0.00005 -0.0036 

Std. Error 0.0013 0.1396 0.0284 0.0285 0.0284 0.0284 0.0284 0.0284 0.0283 

t Value 0.51 7.26 -0.08 -0.01 0.51 -0.09 -0.19 0.00 -0.13 

Pr > |t| 0.6134 <.0001*** 0.9351 0.9959 0.6086 0.9246 0.8495 0.9987 0.8995 

Oil & Gas Extraction 

Parm. 

Estimate 
-0.0015 0.9796 -0.0068 0.0062 0.0157 0.0022 -0.0041 0.0241 0.0195 

Std. Error 0.0010 0.1046 0.0212 0.0214 0.0212 0.0212 0.0212 0.0212 0.0212 

t Value -1.54 9.37 -0.32 0.29 0.74 0.1 -0.19 1.14 0.92 

Pr > |t| 0.1242* <.0001*** 0.7479 0.7710 0.4583 0.9194 0.8467 0.2569 0.3593 

Petroleum 

Parm. 

Estimate 
-0.0009 0.9123 -0.017 0.0195 -0.0198 0.0085 0.0091 -0.0038 0.0045 

Std. Error 0.0004 0.0440 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090 0.0090 

t Value -2.15 20.72 -1.9 2.17 -2.21 0.94 1.02 -0.42 0.5 

Pr > |t| 0.0322*** <.0001*** 0.0581** 0.0307*** 0.0279*** 0.3453 0.3105 0.6738 0.6179 
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Table 15 – continued 

 

Panel A, Oil-substitutes, Oil-related and Financial Service Sub-sectors in the U.K. 

Depository Institutes 

Parm. 

Estimate 
-0.0004 0.2628 0.0438 0.0020 0.0063 -0.0015 -0.0003 0.0023 0.0017 

Std. Error 0.0004 0.0401 0.0082 0.0082 0.0082 0.0082 0.0082 0.0082 0.0082 

t Value -1.00 6.56 5.36 0.24 0.77 -0.19 -0.03 0.28 0.21 

Pr > |t| 0.3193 <.0001*** <.0001*** 0.8113 0.4426 0.8502 0.9724 0.7759 0.8317 

Insurance 

Parm. 

Estimate 
0.0025 1.6112 -0.0053 -0.0268 0.0063 -0.0179 -0.0188 0.0041 -0.0045 

Std. Error 0.0017 0.1819 0.0373 0.0374 0.0373 0.0373 0.0373 0.0373 0.0372 

t Value 1.48 8.86 -0.14 -0.72 0.17 -0.48 -0.5 0.11 -0.12 

Pr > |t| 0.1390* <.0001*** 0.8874 0.4739 0.8654 0.6313 0.6143 0.9135 0.9049 
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Table 15 – continued 

Panel B, Oil-user Sector in the U.K. 

Variable Intercept FTSE_return D_3 D_2 D_1 D0 D1 D2 D3 

Building 

Parm. Estimate 0.0027 1.8572 -0.0060 -0.0271 0.0023 -0.0155 -0.0118 0.0004 -0.0064 

Std. Error 0.0020 0.2120 0.0431 0.0433 0.0431 0.0432 0.04319 0.0431 0.0431 

t Value 1.36 8.76 -0.14 -0.63 0.05 -0.36 -0.27 0.01 -0.15 

Pr > |t| 0.1756 <.0001*** 0.8887 0.5317 0.9568 0.7192 0.7845 0.9928 0.8826 

Chemical 

Parm. Estimate 0.0009 0.9699 -0.0031 -0.0432 0.0043 -0.0036 0.0024 0.00341 0.00309 

Std. Error 0.0011 0.1126 0.0229 0.0230 0.0229 0.0230 0.0230 0.0229 0.02292 

t Value 0.86 8.62 -0.13 -1.87 0.19 -0.16 0.1 0.15 0.13 

Pr > |t| 0.3929 <.0001*** 0.8934 0.0615** 0.8510 0.8760 0.9178 0.8816 0.8929 

Plastic & Rubber 

Parm. Estimate 0.0014 1.0514 -0.0038 -0.0277 0.0142 -0.0104 -0.0127 -0.0041 0.0003 

Std. Error 0.0014 0.1465 0.0298 0.0299 0.0298 0.0298 0.0298 0.0298 0.0298 

t Value 1.02 7.18 -0.13 -0.93 0.48 -0.35 -0.42 -0.14 0.01 

Pr > |t| 0.3097 <.0001*** 0.8987 0.3542 0.6346 0.7287 0.6716 0.8906 0.9914 

Metal 

Parm. Estimate -0.0018 0.7556 -0.0107 -0.0007 0.0092 -0.0147 0.0042 -0.0083 0.0230 

Std. Error 0.0009 0.0980 0.0201 0.0201 0.0201 0.0201 0.0201 0.0201 0.0201 

t Value -1.97 7.71 -0.54 -0.04 0.46 -0.73 0.21 -0.42 1.14 

Pr > |t| 0.0494*** <.0001*** 0.5924 0.9704 0.6459 0.4639 0.8361 0.6777 0.2529 

Machinery 

Parm. Estimate -0.0010 0.3280 0.0044 0.0062 0.0056 -4.1100E-06 0.0093 0.0008 0.0076 

Std. Error 0.0004 0.0391 0.0079 0.0080 0.0079 0.0080 0.0080 0.0080 0.0080 

t Value -2.62 8.4 0.55 0.77 0.71 0 1.17 0.11 0.96 

Pr > |t| 0.0091*** <.0001*** 0.5793 0.4411 0.4791 0.9996 0.2422 0.9152 0.3401 
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Table 15 – continued 

Panel B, Oil-user Sector in the U.K. 

Variable Intercept FTSE_return D_3 D_2 D_1 D0 D1 D2 D3 

Transportation 

Parm. Estimate -0.0025 -0.1951 0.0026 0.0233 0.0036 0.0056 0.0144 0.0011 0.0131 

Std. Error 0.0018 0.1891 0.0384 0.0385 0.0384 0.0384 0.0384 0.0384 0.0384 

t Value -1.41 -1.03 0.07 0.6 0.09 0.15 0.37 0.03 0.34 

Pr > |t| 0.1594 0.3025 0.9457 0.5464 0.9249 0.8842 0.7083 0.9773 0.7336 

Air Transportation 

Parm. Estimate 0.0038 2.7339 -0.0056 -0.0383 0.0204 -0.0268 -0.0297 -0.0076 0.0010 

Std. Error 0.0037 0.3969 0.0811 0.0815 0.0811 0.0812 0.0812 0.0811 0.0811 

t Value 1.01 6.89 -0.07 -0.47 0.25 -0.33 -0.37 -0.09 0.01 

Pr > |t| 0.3133 <.0001*** 0.9452 0.6381 0.8014 0.742 0.7148 0.925 0.9906 
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Table 15 – continued 

Panel C, Oil-substitutes, Oil-related and Financial Service Sub-sectors in the Netherlands 

Variable Intercept Index_return D_3 D_2 D_1 D0 D1 D2 D3 

Coal 

Parm. Estimate -0.0032 2.2103 0.0032 -0.0368 0.0095 -0.0181 0.0001 0.0231 -0.0165 

Std. Error 0.0022 0.1721 0.0562 0.0563 0.0562 0.0562 0.0562 0.0562 0.0562 

t Value -1.49 12.85 0.06 -0.65 0.17 -0.32 0.00 0.41 -0.29 

Pr > |t| 0.1368* <.0001*** 0.9542 0.5136 0.8662 0.7481 0.9980 0.6806 0.7698 

Oil & Gas Extraction 

Parm. Estimate -0.0014 1.3342 0.0014 0.0174 -0.0669 0.012 -0.0094 -0.0861 -0.0248 

Std. Error 0.0012 0.0986 0.0441 0.0441 0.0441 0.0441 0.0441 0.0441 0.0441 

t Value -1.12 13.53 0.03 0.39 -1.52 0.27 -0.21 -1.95 -0.56 

Pr > |t| 0.2615 <.0001*** 0.9754 0.693 0.1297* 0.7855 0.8321 0.051** 0.574 

Depository Institutes 

Parm. Estimate 0.0017 6.1741 -0.0017 -0.1311 0.0677 -0.0439 -0.0632 -0.0188 -0.0137 

Std. Error 0.0032 0.2297 0.1166 0.1167 0.1167 0.1167 0.1167 0.1166 0.1166 

t Value 0.54 26.88 -0.01 -1.12 0.58 -0.38 -0.54 -0.16 -0.12 

Pr > |t| 0.5882 <.0001*** 0.9882 0.2616 0.5618 0.7066 0.5881 0.8722 0.9064 

Insurance 

Parm. Estimate -0.0018 2.4991 0.0018 -0.0384 0.0280 -0.0172 -0.0133 -0.0028 -0.0076 

Std. Error 0.0013 0.1106 0.0478 0.0478 0.0478 0.0478 0.0478 0.0478 0.0478 

t Value -1.38 22.59 0.04 -0.8 0.59 -0.36 -0.28 -0.06 -0.16 

Pr > |t| 0.1694 <.0001*** 0.9699 0.4226 0.5575 0.7195 0.7810 0.9532 0.8731 
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Table 15 – continued 

Panel D, Oil-User Sector in the Netherlands 

Variable Intercept Index_return D_3 D_2 D_1 D0 D1 D2 D3 

Building 

Parm. Estimate -0.0011 1.4236 0.0011 -0.0255 0.0209 -0.0042 -0.0060 0.0083 -0.0080 

Std. Error 0.0007 0.0613 0.0256 0.0257 0.0257 0.0257 0.0257 0.0256 0.0256 

t Value -1.50 23.22 0.04 -0.99 0.81 -0.16 -0.23 0.32 -0.31 

Pr > |t| 0.1341* <.0001*** 0.9672 0.3206 0.4160 0.8713 0.8165 0.7473 0.7538 

Chemicals 

Parm. Estimate 0.0006 1.3487 -0.0006 -0.0108 0.0142 -0.0032 -0.0165 0.0113 -0.0049 

Std. Error 0.0015 0.1251 0.0530 0.0531 0.0530 0.0530 0.0530 0.0530 0.0530 

t Value 0.42 10.78 -0.01 -0.2 0.27 -0.06 -0.31 0.21 -0.09 

Pr > |t| 0.6739 <.0001*** 0.9908 0.8382 0.7887 0.9522 0.7559 0.8306 0.9258 

Metal 

Parm. Estimate 0.0050 -2.4819 -0.0050 0.0648 -0.0348 0.0242 0.0209 0.0029 0.0048 

Std. Error 0.0054 0.4624 0.1979 0.1981 0.1980 0.1979 0.1979 0.1979 0.1979 

t Value 0.92 -5.37 -0.03 0.33 -0.18 0.12 0.11 0.01 0.02 

Pr > |t| 0.3596 <.0001*** 0.9800 0.7435 0.8606 0.9029 0.9158 0.9883 0.9805 

Machinery 

Parm. Estimate 0.0007 0.8870 -0.0007 -0.0089 0.0044 -0.0016 -0.0030 -0.0056 -0.0023 

Std. Error 0.0007 0.0593 0.0254 0.0255 0.0254 0.0254 0.0254 0.0254 0.0254 

t Value 1.00 14.95 -0.03 -0.35 0.17 -0.06 -0.12 -0.22 -0.09 

Pr > |t| 0.3176 <.0001*** 0.9781 0.7283 0.8614 0.9505 0.9068 0.8262 0.9276 

Transportation 

Parm. Estimate -0.0008 2.6473 0.0008 -0.0658 0.0402 -0.0017 -0.0308 -0.0008 -0.0173 

Std. Error 0.0013 0.1008 0.0455 0.0455 0.0455 0.0455 0.0455 0.0455 0.0455 

t Value -0.62 26.27 0.02 -1.45 0.88 -0.04 -0.68 -0.02 -0.38 

Pr > |t| 0.5338 <.0001*** 0.9864 0.1485* 0.3774 0.9704 0.4989 0.9857 0.7034 
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Table 15 – continued 

Panel D, Oil-User Sector in the Netherlands 

Variable Intercept Index_return D_3 D_2 D_1 D0 D1 D2 D3 

Air Transportation 

Parm. Estimate 0.0050 -7.8384 -0.0050 0.4107 -0.0988 0.0676 0.0723 0.0142 -0.0038 

Std. Error 0.0051 0.3614 0.1787 0.1789 0.1788 0.1787 0.1787 0.1787 0.1787 

t Value 0.98 -21.69 -0.03 2.30 -0.55 0.38 0.40 0.08 -0.02 

Pr > |t| 0.3296 <.0001*** 0.9778 0.0219*** 0.5806 0.7052 0.6860 0.9366 0.9831 
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Similarly, when we test the impact of the oil discovery event on the abnormal 

stock returns in the Netherlands using the OLS estimation technique, significant 

coefficients are found in only one out of the three sub-sectors, found earlier. The oil 

discovery event has a significant effect on the stocks in Air Transportation, but not on 

Coal or Depository institute stocks. This again confirms that using the single-equation 

model and the OLS technique can lead to incomplete or erroneous results on the impact 

of the event on the sectoral stock returns.  

Second, we examine the overall effect of the oil discovery event on the sectoral 

stock returns. The dummy variables introduced in our event study model paper are not all 

significant, which is to be expected. This is because stock markets are liquid and 

efficient. As a result, the new information does not always register a persistent effect on 

the stock returns. It is quite common for the information to be absorbed in a day or two, 

hence, explaining why some of the event dummies are insignificant. We assess the overall 

effect of the oil discovery event on the sectoral stock returns, by adding up the 

coefficients of the date dummies for the U.K. and Dutch stock markets.  The results are 

reported in Table 16. According to the figures in this table, the oil discovery event has a 

negative overall effect on the Coal sub-sector and a positive effect on the Depository 

Institute sub-sector in both stock markets. It is expected that the two stock markets have 

very similar impacts due to the spillover effect between the two countries and our 

findings confirm the expectation. In addition, the event has a negative cumulative effect 

on Chemical & Plastic Rubber and a positive overall effect on the Oil & Gas Extraction 

and Metal sub-sectors in the U.K. Similarly, the Air Transportation sub-sector in the 

Netherlands shows a positive cumulative impact.   
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Table 16 – Cumulative Effect of the Combined Event on the Sectoral Stock Returns – 

U.K. and the Netherlands 

  Netherlands U.K. 

Sub-sectors Overall 

Effect 

Sum of date 

dummy 

coefficients 

Overall 

Effect 

Sum of date 

dummy 

coefficients 

Coal Negative -0.28 Negative -0.01 

Electricity & Gas N/A  N/A   Negative -0.04 

Oil & Gas Extraction Negative -0.12 Positive 0.11 

Petroleum Refinery N/A   N/A   Positive 0.01 

Depository Institute Positive 0.18 Positive 0.06 

Insurance Negative -0.04 Negative -0.08 

Building Negative -0.01 Negative -0.05 

Chemical Negative -0.02 Negative -0.03 

Plastic & Rubber  N/A  N/A   Negative -0.12 

Metal Positive 0.10 Positive 0.02 

Machinery Negative -0.10 Positive 0.03 

Transport Equipment Positive 0.02 Positive 0.06 

Air Transportation Positive 0.42 Negative -0.03 

 

 

The effect on the sub-sectors in the oil-user sector is mixed. This is 

understandable as there are two forces in play: on the one hand, the oil discovery in the 

U.K. is likely to increase oil supply and make oil more affordable, benefiting the oil-user 

sectors. On the other hand, the merger could lead to more monopolistic power in the Oil 

& Gas sub-sector, possibly hurting the interests of the oil-user sectors. Depending on 

which force is more dominant, how easily the oil-user sectors can pass additional costs to 

their customers, and how quickly they can adjust their oil dependency, there can be mixed 

immediate impact on the stock returns in the oil-user sectors in these two countries.  

Third, we examine the impact of the oil discovery event on the volatilities of the 

sectoral stock returns in these countries. To this end, we modify the volatility Equation 2 

to include the oil discovery event dummy on the day of the event (we have limited the 
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event dummies to maintain parsimony and to achieve convergence). The model below 

describes our modified volatility model where D0 is the event dummy and other notations 

are as defined before. 

 log ϭ𝑡
2 = 𝜔 +  ∑ 𝛽𝑘

𝑞
𝑘=1 𝑔(𝑧𝑡−𝑘) + ∑ 𝛼𝑘

𝑝
𝑘=1 𝑙𝑜𝑔ϭ𝑡−𝑘 

2 + 𝑝𝐷0 (2) 

Estimation results are presented in Table 17. According to the figures reported in 

this Table, no significant impact is found on the sectoral stock return volatility in the U.K. 

from the oil discovery event. It is possible that the effect of the merger on the U.K. 

market is counterbalanced by the oil discovery, which is likely to exert downward 

pressure on oil prices, which alleviates the blow on the oil-user sectors in the U.K. It is 

also possible that the event affects the volatility of only a small number of firms and these 

effects are either negligible or cancelled out at the sub-sector level. In the Netherlands, 

however, the oil discovery event does significantly increase stock return volatilities of the 

Oil & Gas Extraction and the Industrial Machinery sub-sectors. It is possible that the 

merger increased the monopolistic power of the acquirer firm, namely the Netherlands-

based Royal Dutch Shell, which is likely to make the domestic oil-user sectors suffer 

more. In addition, the Industrial Machinery sub-sector in the Netherlands is more 

vulnerable as most of these firms are small and medium-sized (less than 100 employees 

on average), family-owned, and highly-specialized (Cecimo study, 2011
37

).  

 

                                                 
37

 
http://www.cecimo.eu/site/fileadmin/Publications/Studies_and_Reports/Study_on_Competitiveness_of_the

_European_Machine_Tool_Industry_-_December_2011.pdf.  

http://www.cecimo.eu/site/fileadmin/Publications/Studies_and_Reports/Study_on_Competitiveness_of_the_European_Machine_Tool_Industry_-_December_2011.pdf
http://www.cecimo.eu/site/fileadmin/Publications/Studies_and_Reports/Study_on_Competitiveness_of_the_European_Machine_Tool_Industry_-_December_2011.pdf
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Table 17 – Impact of the Combined Event on the Volatilities of Sectoral Stock Returns in the Netherlands 

Sub-sector Variable Intercept 
Index 

return 
EARCH0 EARCH1 EGARCH1 Theta D0 

Oil & Gas Extraction 

Estimate -0.0022 1.3426 -10.6385 -0.4494 -0.6195 -0.8643 4.5495 

Std. Error 3.1172E-06 0.0427 0.0397 0.0403 0.0064 0.1478 1.8154 

t Value -713.23 31.47 -267.75 -11.15 -96.92 -5.85 2.51 

Pr>|t| <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0122 

Industrial Machinery  

Estimate -0.0002 1.045 -0.1686 0.1431 0.9789 -0.5011 0.8979 

Std. Error 0.0004 0.0184 0.0325 0.0161 0.0040 0.0705 0.3195 

t Value -0.62 56.85 -5.19 8.90 247.21 -7.10 2.81 

Pr>|t| 0.5376 <.0001 <.0001 <.0001 <.0001 <.0001 0.0049 

Note:  The impact is measured by D0. The p value of D0 is less than 5% and hence, significant, for Oil & Gas Extraction and 

Industrial Machinery sub-sectors in the Netherlands. There is no significant impact on the volatilities of sectoral stock returns in the 

U.K. 
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3.6 Conclusion  

This chapter examines the impact of the oil discovery in southern England and the 

merger between Royal Dutch Shell and BG Group on sectoral stock returns in the U.K. 

and the Netherlands. Several interesting findings are obtained. First, we find that the oil 

discovery event has a negative impact on the abnormal sectoral return in several sub-

sectors in the U.K. and the Netherlands.  

Second, there is a potential information leakage regarding the oil discovery and 

the merger between Royal Dutch Shell and the BG Group, as evidenced by significant 

abnormal returns in the U.K. and the Netherlands before the event occurs. The 

information leakage allows some traders to unfairly benefit from the information by 

buying the shares and, thereby, raising the price, and the stock return. The leaked 

information may distort the market twice against the uninformed traders – when the 

information is leaked out, and again on the day of the public announcement 

(Brunnermeier & Markus, 2005). The first distortion happens when the trader receives 

information before the event occurs, which will shift the price from its usual pattern, 

leading to mixed signals on the stock market (Brunnermeier & Markus, 2005). Investors 

without the information are then likely to overprice or underprice the stocks and either 

sell the stocks at the wrong timing or miss the opportunity to buy in stocks hence leading 

to loss. The second distortion occurs when the announcement is made public – traders 

with the leaked information will better understand the extent to which the information is 

already reflected in the pre-announcement price due to their trading activities 

(Brunnermeier & Markus, 2005). This works against the interests of the uninformed 

traders.   
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Third, these two events had an immediate, as well as a lingering, effect on the 

stock returns in the U.K., but not in the Netherlands. Investors holding U.K. Coal and 

Metal stocks should be cautious of market events such as the ones studied here as the 

impact tends to persist, at least for a couple of days.  

Fourth, return volatilities in four of the thirteen sub-sectors considered in the U.K. 

and three of the ten sub-sectors in the Netherlands respond to positive and negative news 

asymmetrically. A negative shock leads to greater volatility in stock returns in Depository 

Institute sub-sectors in U.K., than a positive shock of the same magnitude. For Coal, 

Industrial Machinery, and Transport Equipment sub-sectors in the U.K., the opposite 

effect is observed: a positive shock leads to greater volatility, than a negative shock of the 

same magnitude. In the Netherlands, Coal, Building, and Chemical stocks are more 

sensitive to negative shocks while the opposite is true for Insurance stocks.  

Fifth, the oil discovery event significantly increased the volatility of stocks in the 

Oil & Gas Extraction and Industrial Machinery sub-sectors in the Netherlands, but there 

is no such evidence for the stock market in the U.K.  

Lastly, the impact of the oil discovery event had a very similar overall effect on 

the non-oil-user sectors in the two countries, indicating evidence of spillover effect 

between the two stock markets.  
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