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Abstract 
This thesis examines the relation between investments of oil and gas firms listed in the 

United States (U.S.) market and their share prices. In particular, it examines four 

different aspects of oil and gas firm investments. Given the advances in technology, the 

first study investigates the market reaction to announcement of acquisition and 

divestiture of frontier technology and proven technology resources. The second study 

examines the information asymmetry around acquisition of acreage and reserves. The 

third study deals with market reaction to announcements of acquisition of acreage and 

reserves. Finally, the last study deals with the relation between underlying asset price 

volatility and firm value, with particular emphasis on the impact of real options.  

 

The first study investigates the market response to announcements of transactions in 

proven technology resources (conventional energy) and frontier technology resources 

(unconventional energy). Due to complexity, it has been agreed that information about 

frontier technology resources is hard to analyse as the economic fundamentals of the 

firm and its industry have a strong impact on the processing of technology related 

information. Thus, oil and gas firms on average tend to overbid for these assets relative 

to proven technology resources. An alternative argument is that in an efficient and 

competitive market, the acquirer purchases frontier technology resources at a discount 

relative to proven technology resources due to high risk. In this study, I find that the 

market reacts positively to these announcements. Further, there is evidence of positive 

total wealth effects for acquirer and the seller of the proven technology resources.  

 

The next two studies focus on upstream (exploration and production) investment 

decisions in order to further explore the impact of information asymmetry on the 

investment decision of oil and gas firms. In the second study, the bid-ask spread is used 
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to capture differences in the level of information asymmetry around the announcements 

of reserve and acreage (land believed to contain reserves) acquisitions by U.S. oil and 

gas firms. Specialist knowledge is required to understand the impact of these 

acquisitions for the acquiring firm, and so if informed traders are active in the market 

with respect to these announcements then market makers will widen the share price bid-

ask spread to protect themselves from this informed trading.  It is found that the bid-ask 

spread does indeed widen around the time of these announcements. Further, there is a 

significant difference in bid-ask spread around announcement of acreage acquisitions 

relative to announcement of reserve acquisitions. This is consistent with the existence of 

greater levels of information asymmetry associated with acreage acquisitions.  

 

The third study investigates the share market response to open market acreage and 

reserve acquisition announcements of oil and gas firms. These announcements are 

classified as acquisitions of acreage (land believed to contain reserves) or reserves by 

open market. While the results find a positive share market reaction, the market 

response to the acquisition of reserves is significantly greater than the response to 

acreage acquisitions. Moreover, this study shows that firm reserve and production 

disclosures are important in explaining cross sectional variation in market reaction to 

capital acquisition announcements.  

 

The final study investigates the relation between underlying asset price volatility (oil 

and gas prices) and firm value, with particular emphasis on the impact of real options. 

Using the level of active exploration drilling as a proxy for exercised real options, I find 

that the relation between underlying price volatility and firm value is decreasing in the 

exercise of real options. Furthermore, the relation between firm value and volatility is 

found to be more sensitive to the exercise of exploration options than development 
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options. This is consistent with the view that exploration options are compound options 

with the exploration option exercised before the development option. The findings of 

this study are consistent with real options theory, and serve to further highlight the 

importance of managerial discretion in the exercise of real options available to firms. 
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Chapter 1 Introduction 
 

1.1 The focus and importance of the research  

The relation between the announcement of investments of oil and gas firms listed in the 

United States (U.S.) market and their share prices is the subject of this dissertation. In 

particular, this dissertation addresses four research questions. First, what is the value of 

technology acquisition and divestiture in the oil and gas industry? Second, does the 

level of information asymmetry differ around announcements of the acquisition of 

acreage and reserves in the upstream sector? Third, what is the share market reaction to 

announcements of the acquisition of acreage and reserves on the open market? Finally, 

what is the impact of underlying oil price volatility on the value of oil and gas firms, 

and how does this relation change with the level of exercised real options? 

To address the first question, I investigate the market response to announcement of the 

acquisition and divestiture of proven technology (conventional energy) and frontier 

technology (unconventional energy) resources in the oil and gas industry. Due to 

complexity, information about frontier technology resources is hard to process. Given 

the level of uncertainty for frontier technology resources, oil and gas firms on average 

tend to overbid for these assets and the winning bidder tends to pay above the true value 

of the assets. This study examines the short and long term market reaction to acquisition 

and divestiture of proven technology and frontier technology resources. 

To address the second question and gain further insight into the upstream sector 

(exploration and production), I test for the existence of information asymmetry around 

open market acquisition of acreage and reserve announcements. Acquisition of acreage 

is part of the firm exploration process (Fagan 1997) and is naturally more complex and 

less certain than acquisition of reserves (Coleman 2005). Hence, the acquisition of 
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acreage and the acquisition of reserves by open market should be associated with 

different levels of information asymmetry. In this study, the bid-ask spread is used to 

capture the magnitude of information asymmetry around the announcement date of 

acreage and reserve acquisition. 

To address the third question, I examine market response to the announcement of 

acquisition of acreage and reserves on the open market. Acquisition of acreage and 

reserves signals different information to the market and so market response is expected 

to vary for these two classes of capital acquisition. Further, this study analyses the cross 

sectional variation in share market reaction to announcement of acquisition of acreage 

and reserves. Of importance, findings suggest that track record is important in 

explaining variation in market reaction across our sample of oil and gas firms. 

To address the fourth question, I examine the impact of underlying asset price volatility 

on firm value, and how this relation changes with the level of exercised real options. 

Utilising information about oil and gas reserve investments, I capture the impact of 

exercised real options using the level of active drilling that is taking place, which 

identifies when the option to drill is actually being exercised. Further, this study also 

examines the nature of exploration options relative to development options. It is found 

that the value of real exploration options differ from the value of real development 

options. 

There are two attractive features associated with the study of investments by oil and gas 

firms. The first is the uncertainty regarding the reserve value of oil and gas firms. The 

second is the volatility of oil and gas prices. These two features contribute to the 

complexity of the relation between oil and gas firm investments and share price. In the 

meantime, advances in technology increased recoverable reserves for oil and gas firms. 

This dissertation intends to further explore the investments of oil and gas firms listed in 
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the U.S market by considering the importance of technology, uncertainty around the 

reserve value in the upstream sector and volatility of oil and gas prices.  

The energy industry itself is generally classified in terms of the technology used to 

obtain energy into two broad groups, conventional and unconventional energy. 

Conventional energy deals with technologies commonly used to extract energy, which I 

refer to as proven technology resources.1 Unconventional energy corresponds to the use 

of new technologies to extract energy (Bhattacharyya 2011), which I refer to as frontier 

technology resources. One contribution of this study is the examination of the share 

market response to announcements of acquisition and divestiture of proven technology 

resources and frontier technology resources in the oil and gas sector. Further, I 

investigate whether the type of assets acquired and divested by a firm provides value 

relevant information to the market.  

Consider the recent development in shale gas resources in U.S., for example. The 

growth in shale gas resources stems from the widespread use of horizontal drilling and 

hydraulic fracturing known as fracking (Rogers 2011). Indeed, the first commercial 

hydraulic fracturing treatment was in 1949 by Halliburton, with the first test in 1947 

(Suchy & Newell 2011). Since then, more than one million wells have been 

hydraulically fractured in North America alone. With the advance of technology, the 

first shale wells were drilled vertically and fracture  and then stimulated. These proved 

to be productive enough to be commercial, which is what prompted the move to steer 

the bit horizontally through the formation to increase contact with the formation. 

Horizontal drilling resulted in wide-spread commerciality of the resource. Mitchell 

Energy is the pioneer/entrepreneur that first applied the technique by drilling into the 

Barnett shale (Cahoy et al. 2012). In August 2001, the acquisition of Mitchell energy by 

Devon energy, which had expertise in horizontal drilling, triggered the extraction of  

1 I thank Winthop Professor Peter Hartley for suggesting of this classification.  
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hydrocarbons from shale on a large scale (Cahoy et al. 2012). This superior technology 

has increased recoverable reserves and production capacity of oil and gas firms.  

The oil and gas industry is an important part of the world economy and exploration and 

development activities in this industry see considerable variation with changes in 

economic conditions.2 When oil and gas producers choose to expand their exploration 

and development opportunities they can either develop leases that they hold for 

exploration or purchase assets such as acreage or reserves in open market transactions.3 

This dissertation focuses on share market reaction to open market purchases by oil and 

gas firms. Oil and gas firm investment is generally classified into three stages: 

exploration, development, and extraction. As such, exploration leads to the discovery of 

proven reserves (undeveloped proven) and development is the process of converting 

undeveloped reserves to developed reserves (Paddock et al. 1988). Another focus of this 

dissertation is to examine the nature of exploration options relative to development 

options through utilising drilling data. This variable tracks actual investment as it 

occurs.  

The importance of a firm’s decision to acquire an asset has generated considerable 

interest in the finance literature. As Modigliani and Miller argue “… an asset is worth 

acquiring if it increases the value of owners’ equity, i.e., if it adds more to the market 

value of the firm than the costs of acquisition” (Modigliani & Miller 1958, American 

Economic Review, P 262). A growing literature investigates the market reaction to 

capital expenditure announcements by the firm. Many of these studies find a significant 

positive stock market reaction to the announcement of a capital expenditure (McConnell 

& Muscarella 1985; Chung et al. 1998; Brailsford & Yeoh 2004). While previous 

studies investigate the exploration and development expenditures of oil and gas firms 

2 The variation in total footage drilled is particularly telling over the period from 2005 to 2010. (See Table 
5.2 on page 78 of the US Energy Information Administration, Monthly Energy Review, August 2013.)   
3 I use the term deal and transaction interchangeably through this thesis.  
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(McConnell & Muscarella 1985; Cortazar et al. 2001; Boyce & Nøstbakken 2011), little 

attention has been paid to open market acquisitions4 of acreage and reserves by oil and 

gas firms.5 This study is the first to explore the share market reaction to the 

announcement of the acquisition of acreage and reserves by oil and gas firms.  

While advances in technology have changed the shape of the oil and gas industry, recent 

research has drawn our attention to the importance of drilling data in explaining oil and 

gas firm investment activity (Gilje & Taillard 2012; Kellogg 2014). Further, real 

options theory has been used to explain the relation between value of oil and gas firms 

and the volatility of oil prices (Grullon et al. 2012). I use active drilling data to examine 

the relation between firm value and volatility of underlying commodity prices with a 

view to capturing the impact of the exercise of real options on this relation.  

1.2 Background 

The energy industry6 is considered to be the lifeblood of modern civilization as it meets 

our most basic needs (Kohen 2010).  Academics, policy makers and investors have paid 

considerable attention to energy economics and restructuring activities in this industry 

over this time. Confining the analysis of this study to the oil and gas industry provides a 

variety of benefits. First, the oil and gas industry provides a large body of firms 

operating with the objective of generating energy resources. Second, firms within the 

same industry experience similar challenges and prospects in terms of investments, 

regulations, market forces, policies and institutional features. It has also been suggested 

4 Open market acquisition refers to the acquisition of new assets.  
5 It should be noted that open market acquisition of reserves has been investigated previously as a motive 
for takeover activity in the oil and gas industry (Ferguson & Popkin 1982; Ng & Donker 2013).  
6 Energy and natural resources are often classified either as renewable or non-renewable. Conrad argues 
that “a renewable source must display a significant rate of growth or renewal on a relevant economic time 
scale. An economic time scale is a time interval for which planning and management are meaningful” 
(Conrad 2010, Resource Economics, P 1). The major difference between renewable and non-renewable 
energy derives from the nature of the sources of the energy. The terms fossil fuels, non-renewable and 
conventional energy are also used interchangeably, although fossil fuel energy is generally viewed as 
being part of the non-renewable energy resources group (Koroneos et al. 2003).  
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that focusing on one industry can mitigate the difficulty of interpreting results since 

inter-industry variation is specifically removed from the analysis.  

Given the scale of transactions in the oil and gas industry and the growing importance 

of advances in technology, it is notable that little research has attempted to measure the 

sensitivity of the share market to investments in this industry. Studies have shown that, 

in general, restructuring activity is a result of adjustment of industries to change 

(Mitchell & Mulherin 1996; Weston et al. 1999). Given the recent technological 

changes in the energy industry, this is a suitable topic for research.  

The energy industry is important for a number of reasons. First, modern economies 

place heavy reliance on energy. Second, the mix of other energy related issues such as 

energy security, global warming and advances in technology have become a major 

concern in the global energy market. Third, demand for energy sources such as oil and 

gas has grown significantly. While technological advances have seen an increase in the 

amount of fossil fuels recovered from existing reserves (Weston et al. 1999) such as 

shale gas, there has also been an increase in world energy consumption stemming from 

growth in the emerging nations, China and India (Greenspan 2007). The U.S. Energy 

Information Administration (EIA) predicts that these two Asian countries will account 

for about half of the world increase in energy demand by 2035 (EIA 2011a). 

Furthermore, fossil fuels, mainly oil and coal, currently account for approximately 63% 

of world energy consumption, of which 33.6% represents consumption of crude oil and 

gas (BP 2011).  

Indeed, international oil companies have been able to marginally increase their oil 

production through the development of more efficient extraction and production 

technologies. Using these new technologies, they have been able to exploit deep water 

oil reserves in areas such as the Gulf of Mexico. Yet, offshore drilling is one of the most 
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expensive methods of extracting oil and gas, with a risk of environmental disasters such 

as oil spills (Gonzalez 2010). Recently, the explosion of one of the BP PLC wells in the 

Gulf of Mexico resulted in the largest oil spill recorded. The U.S. Government 

introduced a moratorium on offshore drilling as a result of the spill and this had a 

considerable impact on the oil and gas industry in that region (Sabet et al. 2012). In 

summary, oil and gas markets are growing rapidly and global issues such as energy 

security, climate change and advances in technology are driving oil and gas companies 

to move toward unconventional sources of energy.  

1.2.1.1 Findings and contributions of this study 

This dissertation investigates the relation between the investments of oil and gas firms 

and their share prices.   

1.2.2 Value of technology: evidence from oil and gas firm industry.  

To the best of the author’s knowledge, this thesis makes the first attempt to investigate 

the market response to investments in proven technology resources versus frontier 

technology resources. This study spans the period from 1989 to 2012. Using a sample of 

1,282 acquisition and 1,503 divestiture announcements from 1989 to 2011, I find that 

the market reacts positively to these announcements on average. Yet, when I focus on 

the market response to these two classes of technology, I find the reaction is statistically 

significant for the acquisition of proven technology resources (0.93%) but statistically 

insignificant to the acquisition of frontier technology resources (0.57%). Further, there 

is evidence of wealth effects for both acquirers and sellers of proven technology 

resources.   

1.2.3 Bid-ask spread 

The bid-ask spread is used to capture differences in the level of information asymmetry 

around announcements of reserve and acreage acquisitions by US oil and gas firms over 

25 



the period 1992 to 2011. Specialist knowledge is required to understand the impact of 

these acquisitions for the acquiring firm and so if information asymmetry exists with 

respect to these announcements then market makers will widen the share price bid-ask 

spread around acquisition announcement dates to protect themselves from informed 

trading. It is found that the bid-ask spread does indeed differ around these 

announcements dates, with less increase in bid-ask spread around announcements of  

reserve acquisitions relative to announcements of more complex acreage acquisitions, 

consistent with greater level of information asymmetry associated with the acreage 

acquisition.  

1.2.4 Capital investments by oil and gas producers. 

This study investigates the U.S. share market response to capital acquisition 

announcements of oil and gas firms from 1992 to 2011.9 These announcements are 

classified as acquisition of acreage or reserves. While the results show positive share 

market reaction to capital acquisition announcements, market response to the 

announcement of acquisition of reserves is significantly greater than market reaction to 

acquisition of acreage. This study also shows the importance of firm reserve and 

production disclosures in explaining variation in market reaction to capital acquisition 

announcements.  In particular, track record is important in explaining market reaction to 

acquisition of acreage and reserves.  

1.2.5 Real options and the value of oil and gas firms: An empirical analysis 

This chapter examines the link between underlying asset price volatility (oil and gas 

prices) and firm value, with particular emphasis on the impact of the exercise of real 

options, over the period 1997 to 2012. Using the level of active exploration drilling as a 

proxy for real options exercised, I find that the relation between underlying price 

volatility and firm value decreases with the exercise of real options. Furthermore, the 

9 The detailed explanation of the time frame for each study is provided in Section B.3 In Appendix.  
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relation between firm value and volatility is found to be more sensitive to the exercise 

of exploration options than to development options. This is consistent with the view that 

exploration options are compound options. One must exercise the exploration option 

before exercising the development option. The results are consistent with real options 

theory, and serve to further highlight the importance of managerial discretion in the 

exercise of real options available to firms. 

1.3 Structure of the thesis 

The remainder of this dissertation is as follows. The oil and gas industry has seen 

considerable advances in technology over the past few years. These advances in 

technology have changed the landscape of the oil and gas industry and so chapter two 

investigates market reaction to acquisition and divestiture of proven technology and 

frontier technology assets. 

Chapters three and four focus on upstream investments of oil and gas firms to gain 

insight into information asymmetry and signalling effects of oil and gas investments. In 

particular, I examine the share market reaction to announcement of open market 

acquisitions of acreage and reserves. The level of information asymmetry is expected to 

be greater around the announcement of acquisition of acreage relative to reserves and so 

chapter three investigates the possibility of different bid-ask spread around these 

announcements. Further, acquisitions of acreages and reserves signals different 

information to the market and so, chapter four investigates the market reaction to 

announcements of open market acquisitions of acreage and reserves. This chapter also 

discusses the importance of reserve disclosure and track record in explaining market 

reaction to acquisition of acreage and reserves. 
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The oil and gas industry has been used extensively as an application of real options 

analysis. In the fifth chapter, I investigate the link between the value of oil and gas firms 

and underlying oil and gas price volatility utilising the level of active drilling to proxy 

for the exercise of real options. Chapter six provides concluding remarks for this 

dissertation and notes its limitations and possible extensions.  

This dissertation investigates the investment of oil and gas firms. The first three studies 

of this dissertation focus on open market purchases of oil and gas firms. The fourth 

study examines the timing of exploration and development of oil and gas firms using 

drilling data. The aim of this dissertation is to expand our understanding of oil and gas 

firm investments in terms of the timing of the investment as well as the consequences of 

investing in different classes of asset.  
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Chapter 2 Value of technology: evidence from the 
oil and gas industry 

 

2.1 Introduction 

This study investigates the market response to investments corresponding to frontier 

technology and proven technology resources. The energy industry itself is often 

classified, in terms of the technology used to obtain energy giving two groups, 

conventional and unconventional energy. Conventional energy is obtained using 

commonly used technologies to extract energy which, I also refer to as proven 

technology resources. Unconventional energy corresponds to the use of new 

technologies to extract this energy (Bhattacharyya 2011), which I refer to as frontier 

technology resources. This chapter investigates the financial market response to 

announcements of acquisitions and divestitures of proven technology and frontier 

technology resources in the oil and gas sector. Further, this study investigates whether 

the type of assets acquired and divested by a firm provides value relevant information to 

the market.  

Information about frontier technology resources is relevant to the economic 

fundamentals of a firm and its industry and processing of technology related 

information have a strong impact in valuing the firm. The expected profit obtained from 

innovation in frontier technology is uncertain and may take a long time to payoff 

(Pástor & Veronesi 2009; Hirshleifer et al. 2013). Given the complexity associated with 

frontier technology resources, oil and gas firms on average tend to overbid for these 

assets.10 This is consistent with winners curse hypothesis which is previously noted in 

10 It should be noted that frontier technology resources may gradually become proven as the uncertainty 
associated with their existence is resolved. For example, acquisition of shale gas assets in 2000 and 2007 
generates different investor expectation as investors are not confident about the importance of shale gas in 
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the auction literature (Lind & Plott 1991). The intuition is as follows. The  winners 

curse arises because there are a range of individuals seeking to acquire frontier 

technology resources but no one knows the true value of this asset. While the average 

bid may reflect the true value of the asset, in reality the bidder with the highest bid wins 

the contract, ending up overpaying by the difference between the amount paid and the 

expected value (Capen et al. 1971).   

Some studies have argued that there is a positive relation between innovation and stock 

returns (Hirshleifer et al. 2013), due to under-reaction of share price on the arrival of 

information (Klibanoff et al. 1998; Huberman & Regev 2001; Hirshleifer et al. 2009). It 

appears that investors underreact to the arrival of information when such information is 

less noticeable or arrives in periods of low activity. While these arguments suggest 

market irrationality, Pástor and Veronesi (2009) propose a model which features 

Bayesian learning about the new technology. According to their model, share prices of 

innovative firms initially increase following the release of good news about technology 

productivity, but share price eventually declines as the risk of the new technology 

switches from idiosyncratic to systematic.  

An alternative argument is that the proven technology resources have different cost and 

information structures relative to frontier technology resources (Carlson et al. 2007). In 

an efficient and competitive market, the acquirer purchases frontier technology 

resources at a discount relative to proven technology resources due to high risk and 

cost.11 Nevertheless, the level of information asymmetry is greater for frontier 

technology resources relative to proven technology resources. Thus, the market reaction 

2000. However, shale gas has become a key player in the oil and gas industry post 2004 which changed 
investor expectations and oil and gas firms may overpay to acquire these assets.  
11 This is the case when the importance of frontier technology resources is not proven in the market and 
the level of uncertainty and risk is high for the acquirer company. Therefore, the acquirer tends to acquire 
these assets at a discount relative to proven technology resources.  
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to proven technology resources is expected to be greater than frontier technology 

resources because of the differing levels of information asymmetry. 

Hirshleifer et al. (2013) argue that the greater the firm’s technological efficiency, the 

greater the firm’s profit and return on assets. In a competitive and efficient market, 

when a firm invests in frontier technology resources, the price it pays is appropriately 

discounted for the risk of innovative capital (Hirshleifer et al. 2013). According to q 

theory, higher profitability implies that assets are acquired by the firm at a discount 

since the risk premium attached to the asset is high (Cochrane 1991, 1996), suggesting 

greater return on assets for the firm in the future. While Hirshleifer et al. (2013) used 

patent citation as a proxy for innovation, I focus on the characteristics of the actual deal 

to see whether share market reaction to announcement of a deal is related to 

technological differences. I argue that the use of the content of the transaction in the 

capital acquisition announcement is a more direct proxy than the use of patent citations 

in examining investor reaction to technology related information. Contrary to 

Hirshleifer et al. (2013), there is no significant difference in long-term return of proven 

technology and frontier technology resources in this study. This suggests that with the 

passage of time investors fully impound the information regarding technological 

innovation into stock prices, which is consistent with market efficiency.  

This study also explores the market reaction to subsectors of frontier technology 

resources. Frontier technology resources and their underlying technology have become 

commercial at different times over the past two decades. For example, shale gas became 

commercial in 2004 while deep water drilling was commercially usable in the 1990’s. 

In this study, I investigate the market reaction to frontier technology based subsectors of 

the oil and gas industry.  
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Advances in technology have profound implications for frontier technology resources. 

For example, one recent advance, the development of fracking, led to increased supply 

of natural gas (Joskow 2013) and subsequent decrease in natural gas prices (See Figure 

2-1). Technology has expanded world energy resources, increasing the quantity of 

energy supplies and helping to maintain economic growth. According to a recent report 

by U.S. Energy Information Administration (EIA) report, the production of dry shale 

gas, as one of the major unconventional resources, has increased 23% over the past 10 

years (EIA 2011c).  

Figure 2-1 The fluctuation of natural gas prices and quantity of horizontal drilling 
in the U.S. 

 

Source: EIA and Smith Bits Schlumberger. 

Figure 2-1 illustrates the importance of technological change in explaining the 

movement in natural gas prices. The quantity of horizontal drilling has increased 

substantially over the past few years with consequent fall in price. The importance of rig 

activity on crude oil price changes has been already cited in the literature (Ringlund et 

al. 2008). These technological changes received considerable attention from policy 

makers and investors. For example, the level of news published in the Wall Street 
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Journal concerning frontier technology resources had increased substantially from 2005 

to 2011 (See Figure 2-2).12 

Figure 2-2 The number of news articles published in the WSJ referring to 
unconventional resources (1988-2011). 

 

This study has been organised as follows. Section 2.2 gives a brief overview of the 

literature. The hypotheses are developed in section 2.3 and the description of the data 

and methodology used in the study are explained in section 2.4. The findings of the 

study are reported and discussed in section 2.5, followed by a conclusion in the last 

section. 

2.2 Literature review 

2.2.1 Capital expenditure and asset acquisition 

Previous studies of firm investment announcement decisions generally take one of two 

approaches, either an analysis of acquirer firm return on merger or acquisition 

announcement (Asquith et al. 1983; Allen & Sirmans 1987; Fuller et al. 2002) or 

analysis of market reaction to capital expenditure announcements (McConnell & 

Muscarella 1985). The term capital expenditure refers to firm investment either to 

12 The reliability and importance of information published in the Wall Street Journal is noted in the 
literature (Mitchell & Mulherin 1994; Tetlock 2007) and the level of media attention received by frontier 
technology resources highlights the importance of these resources for investors. 
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acquire a new capital asset or to maintain and modify existing assets. While most of the 

capital expenditure studies bundle these two groups together (McConnell & Muscarella 

1985; Kerstein & Kim 1995; Chen & Ho 1997; Chung et al. 1998; Brailsford & Yeoh 

2004), other studies focus on new capital acquisition announcements (Sicherman & 

Pettway 1987, 1992; Datta & E. Iskandar-Datta 1995). This study deals with new 

capital acquisitions announcements for oil and gas firms with a particular focus on the 

impact of acquisition of proven technology and frontier technology resources on firm 

value.    

The literature on capital expenditure mainly centres on three theories. The first theory 

concerns value maximisation. According to this theory, the market assesses different 

aspects of investment at the time of the announcement and values positive NPV 

investments with upward adjustments in the investing firm share price (Tobin & 

Brainard 1976). This is consistent with neoclassical merger motives mainly explained in 

terms of synergy (Trautwein 1990).  

The second theory is the rational expectations theory (Woolridge 1988). According to 

this theory, investors form expectations about value and these are impounded in stock 

prices. Given perfect information, corporate investment announcements have no effect 

on prices because they are already impounded in stock prices and so prices do not 

change on announcement (Brigham & Tapley 1985). 

The final theory refers to inefficient management. In this case, the market reacts 

negatively to the announcement of new capital expenditures. This occurs when the 

market believes firm managers are inefficient given their previous performance (Woods 

& Randall 1989). Any investment announcements by these firms result in negative 

abnormal returns as the market does not trust firm managers to invest in positive NPV 

projects.  
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The information hypothesis predicts that investment announcements convey 

information about firm prospects (Beaver et al. 1980; Fama & Jensen 1985; McConnell 

& Muscarella 1985). The announcement tends to signal strong prospects for the firm in 

terms of future earnings, as investment announcements reflect manager reaction to 

internal information about future demand and expenses (Beaver et al. 1980; McConnell 

& Muscarella 1985; Trueman 1986; Kerstein & Kim 1995). That is, managers provide a 

signal about future positive net present value projects by increasing their capital 

expenditure.  

According to the efficient market hypothesis, the stock market reacts quickly to 

information disclosed to the public (Fama et al. 1969). The impact of firm-specific 

information on share price is widely documented in the literature. Examples include 

merger and acquisition announcements (Moeller et al. 2005), dividend announcements 

(Aharony & Swary 1980), new equity issuance announcements (Barclay & Litzenberger 

1988) and capital expenditure announcements (Chung et al. 1998). This study focuses 

on market response to capital acquisition announcements.   

A growing literature investigates the market reaction to firm capital expenditure 

announcements. Most studies find a significant positive stock market reaction to capital 

expenditure announcements (McConnell & Muscarella 1985; Chung et al. 1998; 

Brailsford & Yeoh 2004). Further, McConnell and Muscarella (1985) find that 

industrial firms which announce increased (decreased) capital expenditures on average 

experience positive (negative) stock returns.  

Other researchers have sought to distinguish between various investment 

announcements. Woolridge and  Snow  (1990) investigate the abnormal return 

following four types of capital investment announcements. Their results are consistent 

with previous studies with positive abnormal returns following capital investment 
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announcements. Their study highlights the need to identify different investment 

announcements since abnormal returns vary with the type of capital investment. For 

example, the two-day abnormal return for R&D and joint venture announcements is 

generally found in the literature to be greater than that for product diversification and 

capital expenditure announcements.     

In another study, Chan et al (1995) show that the share market reacts differently to the 

announcement of headquarters and plant reallocation. Using U.S. evidence, they explore 

the underlying motivation for these expenditures. Their results show that the market 

reacts positively to cost saving and expansion announcements and negatively to 

announcements of reduction in capacity. Chung et al (1998) find a positive and 

significant stock market reaction to increases in research and development (R&D) 

expenditure announcements and a negative stock market reaction following an increase 

in R&D announcements for low technology firms. Using UK firms data,  Jones et al 

(2004) examine the stock market response to investment announcements and their study 

draws attention to different market responses to investment announcements and 

signalling argument. They find that investment announcements which signal future 

investment opportunities have significantly higher abnormal returns than investment 

announcements that signal current investment opportunities.  

This distinction in market reaction further highlights the impact of firm individual 

investment announcements on share prices. Much of the published research on this issue 

implies that the type of investment and the signals conveyed by the investment to the 

market can affect share price differently. As, Brailsford and Yeoh stated, “ ... 

investment information should not be seen in absolute terms; rather, it is context 

specific. ”(Brailsford & Yeoh 2004, Page 223).  
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A large and growing body of literature has investigated the wealth effect of corporate 

spin-offs and divestment decisions (Chen & Merville 1986; John & Ofek 1995; 

Schlingemann et al. 2002; Bates 2005; Çolak & Whited 2007). But, little attention has 

been paid to the wealth effect of capital acquisition decisions. Previous studies dealing 

with the capital acquisition decision report conflicting market responses to these 

announcements (Rosenfeld 1984; Jain 1985; Hite et al. 1987; Sicherman & Pettway 

1987). A number of studies report positive and significant market reaction to 

announcements of acquisition of assets (Rosenfeld 1984; Jain 1985; Hite et al. 1987); 

whereas other studies report positive and insignificant market responses (Zaima & 

Hearth 1985; Sicherman & Pettway 1987; Datta & E. Iskandar-Datta 1995). The 

cumulative abnormal return reported for three days around the announcement date in 

these studies is positive and ranges from 0.2% to 2%. 

2.2.2 Wealth effects 

This study investigates the wealth effects of acquisitions and divestitures to revisit the 

question of synergy effects. According to the synergy hypothesis, asset acquisition and 

divestiture should create value for both parties of the transaction (Bradley et al. 1988; 

Kaplan & Weisbach 1992). Non-synergetic theory predicts no wealth effect for parties 

involved in the transaction (Roll 1986; Shleifer & Vishny 1989). Previous studies of 

asset acquisition and divestiture document positive and significant wealth effects for 

U.S. firms from 1990 to 1999 (Mulherin & Boone 2000). 

While much has been said about restructuring activity in the takeover literature, little 

research has been conducted to estimate the wealth effect of restructuring activity at the 

asset level. The additional value created for the combined firm after the acquisition is 

explained through the synergy hypothesis. This hypothesis predicts that acquisition of 

one company by another results in one unique company with superior value. The value 

of this new firm exceeds the collective value of each individual firm (Bradley et al. 
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1988). The incremental value obtained for the final firm is often attributed to  improved 

operational efficiency, capacity expansion, more efficient management and cost 

reduction (Halpern 1983).  

Synergy is generally classified into three types. Operational synergy, financial synergy 

and managerial synergy (Trautwein 1990). Operational synergy is related to the 

economics of scale and efficiency that the firms achieve following merger or acquisition 

(Weston et al. 2001). The transfer of knowledge and combination of the operations of 

the firms are two components of operational efficiency. It is suggested that operational 

efficiency is most likely in non-conglomerate mergers or acquisitions (Kaplan & 

Weisbach 1992) since the core business of the acquirer and target firm is related. 

Furthermore, the performance of the combined firm following merger or acquisition 

between related businesses improves substantially relative to the separate firms (Healy 

et al. 1992). In one particular study, Penrose (1986) argues that the efficient use of 

tangible and intangible assets increases the productivity of the combined firm in the 

long run.  

The second type of synergy relates to the financial advantage of the combined firm or 

financial synergy. Financial advantage results in a decrease in the firm’s cost of capital. 

One of the financial advantages is related to debt capacity of the firm. It is found that an 

increase in the size of the firm could result in an increase in debt capacity of the firm 

(Trautwein 1990). Financial synergy is also documented in the literature as one of the 

explanations for conglomerate acquisition (Levy & Sarnat 1970; Weston & Mansinghka 

1971; Amihud & Lev 1981; Amihud et al. 1986). The diversification of the firm assets 

through acquisition decreases firm systematic risk (Maquieira et al. 1998).13 

Conglomerate firms bear higher levels of debt relative to non-conglomerate firms 

13 However, previous empirical researches find that, on average,  the systematic risk for conglomerate 
firms is higher than that for non-conglomerate firms (Montgomery & Singh 1984). 
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(Weston & Mansinghka 1971; Melicher & Rush 1973) and they tend to acquire less 

levered target firms which eventually increases their borrowing capacity (Melicher & 

Rush 1974).  

Another financial incentive for conglomerate acquisition is related to the financing 

ability of the firm. It is fairly difficult to finance low margin projects for firms with 

distressed cash flows because of agency costs (Fluck & Lynch 1999). Yet, firms seek 

diversification to avoid this problem and so are able to finance low margin projects. 

Thus, financial synergy is regarded as one of the motivations for conglomerate mergers 

or acquisitions. (Lang et al. 1989)  

The last type of synergy is related to the managerial motivation which refers to the 

replacement of inefficient managers in target firms by efficient managers (Trautwein 

1990). In the finance literature, Tobin’s Q is extensively used to measure the quality of 

the managers. Tobin’s Q is the ratio of firm market value to the firm replacement value, 

and it reveals the quality of the manager based on the current and future prospects of the 

projects under their control (Lang et al. 1989). The acquisition of target firms with low 

Q ratio by acquirer firms with high Q ratio results in a positive and significant abnormal 

return (Lang et al. 1989; Servaes 1991).  

2.2.3 Technological innovation and stock market 

The impact of technology innovation on the share market is investigated in the 

literature. Pástor and Veronesi (2009) argue that innovation is associated with a high 

level of uncertainty regarding future productivity. The time varying nature of this 

uncertainty leads to the boom and bust patterns observed in stock prices. The intuition is 

as follows. They argue that the arrival of new technology is interpreted as good news in 

terms of productivity and increased stock prices. However, the change in the structure 

of risk occurs after the firm decides to adopt the new technology and use it on a large 
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scale such that risk switches from idiosyncratic to systematic, leading to an eventual 

decrease in a stock price. 

In another study, Hobijn and Jovanovic (2001) show empirically and theoretically that 

advances in technology destroy the value of old firms. An old firm has old physical 

assets in place, and so it encounters an extra cost to invest in recent technologies. 

Further, an old firm has restrictions in terms of the willingness and awareness of 

managers and absence of sufficient skills for workers to adopt new technology. Thus, 

the results of their study suggest that major technological change destroys old firms. 

The generalizability of much published research on this issue implies that technological 

changes lead to a decrease in stock price as incumbent firms are unwilling to adopt new 

technology (Greenwood & Jovanovic 1999; Hobijn & Jovanovic 2001; Laitner & 

Stolyarov 2003; Pástor & Veronesi 2009).  

The impact of technology as one of the underlying motivations for the restructuring is 

cited previously in the literature. Perhaps, the first work concerning the impact of 

technology on the acquisition decision of the firm can be traced back to Coase (1937) 

who states that technological advances modify the efficient size of the firm and 

managers respond to these changes through acquisition or divestiture. In another study, 

Greenwood and Jovanovic (1999) argue that major technological change leads to a 

wave of entry and exit in the market. The willingness of old firms to acquire innovative 

firms, ease of mass production using new technologies and merger of firms with an 

incentive to prevent the spread of  new technology are regarded as the key incentives for 

takeover activity during periods of major technological change (Greenwood & 

Jovanovic 1999). Previous acquisition studies generally investigate the impact of 

technology for transactions in which both parties are involved in the underlying 

technology industry (Loughran & Ritter 2003; Faccio & Masulis 2005; Masulis et al. 
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2007; Harford et al. 2012). Other studies used patent data to investigate the value of 

acquisition of targets with superior knowledge (Higgins & Rodriguez 2006). 

Several studies find that patents and citation data contain value relevant information. 

For example, Belenzon (2012) find that firm internal patent citations are positively 

related to the firm stock price value. Further, using patent count and citations as a proxy 

for technological innovation in each industry, Matolcsy and Wyatt (2008) find a 

positive relation between industry level innovation and market value. Higgins and 

Rodriguez (2006) used patent data to proxy for prior information of acquirer about 

target firms and finds that acquisitions in the Pharmaceutical industry produce greater 

abnormal return for the acquirer where targets hold patents. Hirshleifer et al. (2013) find 

that innovative efficiency, measured with patents and citations scaled by research and 

development expenditures, is a strong predictor of future returns. Overall, the 

importance of innovation to the market valuation of firms has been noted in the 

literature.  

2.2.4 Technological changes and the petroleum industry 

Previous studies of the impact of technological innovation in the petroleum industry 

mainly focus on the impact of technology in decreasing the effect of depletion in 

resources (Cuddington & Moss 2001; Boyce & Nøstbakken 2011). Technological 

change has been identified as a major contributing factor that decreases the impact of 

depletion in resources. Examples of these studies include the impact of technological 

innovation for onshore and offshore drilling (Fagan 1997), the impact of advances in 

technology in the Gulf of Mexico (Managi et al. 2005) and the impact of technological 

innovation on the success rate of onshore and offshore oil and gas exploration (Forbes 

& Zampelli 2000; Forbes & Zampelli 2002).  
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In the case of offshore drilling from 1977 to 1994, Fagan (1997) documents that 

decreases in finding costs driven by technological change outweighs the increase in 

finding costs driven by the depletion of resources. Further, Managi et al. (2005) gauge 

the sensitivity of oil and gas exploration in the Gulf of Mexico to technological changes. 

Using a large oil and gas exploration firm dataset from 1947 to 1998, they demonstrate 

that the impact of technological innovation offsets the impact of resource depletion 

(Managi et al. 2005). In two separate studies, Forbes & Zampelli (2000; 2002) 

investigate the impact of technological innovation in the success rate of onshore and 

offshore exploration in the U.S. Using firm level data, the results of their study 

demonstrate that technological change increases the success rate of offshore exploration 

by 8% from 1986 to 1995 (Forbes & Zampelli 2000) and onshore exploration by 7% 

from 1986 to 1998 (Forbes & Zampelli 2002). Over the past few decades, there has 

been a substantial change in the landscape of the energy industry which was mainly 

fuelled by the emergence of frontier technology resources.  

2.3 Hypotheses 

While this study is not focused on corporate mergers and acquisitions, I rely on 

mergers, acquisition and capital expenditure literature to develop hypotheses in the area 

of open market acquisition. 

2.3.1 Acquisition and divestiture   

Consistent with the signalling hypothesis, previous studies find a positive market 

response to capital acquisition announcements (Rosenfeld 1984; Jain 1985; McConnell 

& Muscarella 1985; Brailsford & Yeoh 2004). According to this hypothesis, acquisition 

of proven technology and frontier technology resources signals to the market 

information about the future prospects of the firm. While a positive market response to 
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capital acquisition is expected, this study further sheds light on market reaction to 

acquisition of frontier technology resources and proven technology resources.  

As discussed in section 2.1, three theories are proposed to explain the variation in 

market reaction to acquisition of frontier technology and proven technology resources. 

According to under-reaction (Hirshleifer et al. 2013) and winners curse (Lind & Plott 

1991) theories, market reaction to the acquisition of frontier technology resources is 

expected to be less than proven technology resources. Conversely, Pástor and Veronesi 

(2009) argue that share prices of innovative firms initially increase as a result of good 

news about technology productivity. Overall, given all the above explanations, I posit 

the following hypotheses:  

H1A: The market reaction to the announcement of acquisition of proven technology 

resources is expected to be positive and significant.  

H1B: The market reaction to the announcement of acquisition of frontier technology 

resources is expected to be positive and significant.  

H1C: The market reaction to acquisition of frontier technology resources is expected to 

be less than the market reaction to acquisition of proven technology resources.  

According to option valuation literature, divestiture tends to increase the value of a 

divesting firm and the value of the asset divested because the value of the option is 

bounded from below but it is not bounded from above. The value of the firm will tend 

to increase at the announcement when it sells an asset which is not perfectly correlated 

with the firms other assets (Galai & Masulis 1976). Given that frontier technology 

resources may not be perfectly correlated with the firm’s other assets; the market 

reaction to divestiture announcements of the less closely related frontier technology 

resources is expected to be greater than the market reaction to divestiture 
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announcements of proven technology resources. Hence, this gives rise to the following 

hypothesis: 

H2: The market reaction to the announcement of divestiture of frontier technology 

resources is expected to be greater than the market reaction to divestiture 

announcements of proven technology resources.   

2.3.2 Synergy effects in the oil and gas industry acquisition.  

Two theories have been referred to in previous studies to examine whether restructuring 

creates wealth for both parties involved in the transactions. The first one, commonly 

used in the takeover literature, is the synergy theory of mergers (Halpern 1983). 

According to the synergy effect, the combined value of the acquisition and divestiture 

for both parties involved in the transaction is positive and significant. The second 

concerns non-synergic theories of mergers and acquisitions which  includes managerial 

hubris (Roll 1986), managerial entrenchment and empire building (Jensen 1986; 

Shleifer & Vishny 1989). The non-synergy theory posits that the combined market 

reaction to the acquisition and divestiture for both parties involved in the transaction is 

not significantly different from zero.   

In one study of asset acquisition and divestiture, Mulherin and Boone (2000) document 

a wealth effect for the parties involved in the transaction. While previous whole market 

studies include the petroleum industry in their sample (Mulherin & Boone 2000; Jain et 

al. 2011), this study focuses on the impact of the wealth effect of acquisitions and 

divestitures (match acquisition-divestiture sample) in the oil and gas industry. Hence, 

this gives rise to the following hypothesis: 

H3: The combined wealth effect for matched acquisition and divestiture of frontier 

technology resources or proven technology resources is positive consistent with the 

synergy hypothesis (wealth creation).  
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2.3.3 Portfolio analysis 

In this section, I investigate the market reaction to acquisition announcements for a 

portfolio of firms which only invests in either proven technology resources or frontier 

technology resources. According to under-reaction hypotheses, the immediate market 

reaction to announcement of acquisition of an innovative asset is uncertain (Hirshleifer 

et al. 2013). But, there is a positive relation between innovation and firm future stock 

returns (Hirshleifer et al. 2013). Applying this notion to frontier technology resources 

and proven technology resources, the immediate (short term) market reaction to 

acquisition of a frontier resource is expected to be less than that observed for acquisition 

of proven technology resources. Frontier technology resources are new to the market 

and investors encounter difficulty in analysing the economic implications of the 

acquisition of these resources in the short run. This is consistent with market 

irrationality noted previously in the literature. As such, the market tends to under value 

the announcement of the acquisition of frontier technology resources. Yet, the market is 

expected to react positively to these announcements in the long run, consistent with the 

positive relation observed in the literature between innovative asset acquisition and the 

future stock returns. Indeed, Hirshleifer et al. (2013) argue that inefficient markets and 

limited investor attention, results in share prices that do not fully reflect new 

information. In particular, the market is expected to underreact to information in the 

short run when such information is less salient or arrives during period when investors 

are less attentive (Klibanoff et al. 1998; Huberman & Regev 2001; Hirshleifer et al. 

2009).  

An alternative explanation for the discount of the value of frontier technology resources 

relative to proven technology resources can be attributed to information asymmetry. 

According to this theory, there is a greater information asymmetry regarding the 

acquisition of frontier technology resources relative to proven technology resources. 
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Given greater information asymmetry concerning frontier technology resources, the 

market reaction to frontier technology resources is expected to be lower than the market 

reaction to proven technology resources all else held constant. Thus: 

H4: The long term returns for a portfolio of firms following announcement of 

acquisition of proven technology resources exceeds the long term returns for a portfolio 

of firms following announcement of frontier technology resources.  

2.4 Data and Methodology  

2.4.1 Data sources and sample selection 

Capital expenditure announcements are extracted mainly from news wire services. The 

Wall Street Journal Index (McConnell & Muscarella 1985; Borna & Ryan 2000), the 

Dow Jones News Retrieval (Vogt 1997) and the Lexis Nexis News Wire (Chung et al. 

1998; Kim 1998) are used to obtain information on U.S. market capital expenditure 

announcements. Some studies have used asset level acquisition data from the Securities 

Data Corporation (SDC) database. For example, Bates (2005), Çolak and Whited 

(2007), and Warusawitharana (2008) use SDC in their study of asset purchases and 

divestitures and Akhigbe, Martin and Whyte (2007) used SDC in their study of partial 

acquisitions of target firms.  

While the Securities Data Corporation (SDC) database is well regarded in the literature 

as a primary database for merger and acquisition type studies (Raghavendra Rau & 

Vermaelen 1998; Rossi & Volpin 2004), IHS Herold Inc (Herold) is a professional 

energy database that is generally used in the energy finance literature (Merton & Upton 

1985). Herold provides a detailed industry break down of acquisitions in the energy 

sector and covers the entire range of asset and corporate acquisitions.14 This study is 

14 Herold data has also been used extensively in finance studies over the past 30 years. Examples of this 
include using financial and operational data for valuation of reserves and oil and gas firms (Merton & 

46 

                                                 



based on the capital expenditure data obtained from Herold merger and acquisition 

database. This database relies on firm investment announcements, SEC filings and news 

releases in the media. Thus, this study is consistent with other capital expenditure 

studies which rely on news wire services.  

Financial data is extracted from CRSP and Compustat. Fama French Carhart variables 

are obtained from the Kenneth French webpage.15 The volatility of crude oil price is 

measured using the standard deviation of the daily percentage change in the price of 

WTI closest to maturity futures contracts over 30 trading days prior to the 

announcement (Grullon et al. 2012). Crude oil price is estimated from the closest to 

maturity futures contracts which are collected from the U.S. EIA webpage (Energy 

Information Administration)16.  

An initial sample of 33,542 transactions was obtained from Herold merger and 

acquisition database covering the period 1989 to Aug 2011. This sample includes all 

energy related asset and corporate acquisition worldwide. Several filters are applied to 

constrain the sample to capital acquisition (asset) announcements only by U.S. firms. 

Asset acquisition sectors are restricted to upstream, midstream, downstream and oilfield 

services. To be included in this study, the firm must have financial information 

available in both CRSP and Compustat database. There are 8236 deals remaining after 

excluding firms with no financial data in the CRSP and the Compustat merged database. 

I have also excluded deals that are not reported in SDC platinum or the news wire 

services. Herold reports industry (sector) and operations (subsector) for each 

transaction. Accordingly, the sample is split into capital acquisition expenditures within 

Upton 1985; Harris & Ohlson 1987; Boone 1998), analysing political risk through using Herold Merger 
and Acquisition database (Click & Weiner 2010), examining the relation between Herold estimates and 
stock prices (Magliolo 1986), investigating the role of historical cost to value oil and gas firms (Ghicas & 
Pastena 1989)  and analysing investment behaviour of oil and gas firms (Mohn & Misund 2009, 2011) 
15 Kenneth French Webpage (http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html). 
16 U.S. Energy Information Administration (www.eia.gov). 
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the Herold sector and subsector classification scheme.17 Observations with simultaneous 

acquisition of conventional and unconventional assets by the same firm in the same date 

are also excluded from the sample. Takeover announcements are also excluded from the 

capital expenditure announcements to maintain a clean sample that focuses on capital 

expenditure transactions (Brailsford & Yeoh 2004).  In the final sample, there are 1,282 

acquisitions and 1,503 divestiture deals remaining after excluding firms with 

insufficient share price data during the event window and estimation period and firms 

with insufficient oil and gas operational data (See Table 2-1).  

Table 2-1 Description of the sample. 

 Number of acquisition deals 
remaining 

Number of divestiture 
deals remaining 

HEROLD M&A 33,542 33,542 
   
Exclude deals not available in CRSP and 
Compustat database 
 
Constrain deals to acquisition of acreage 
& reserves (upstream), oil field services, 
downstream and midstream -only asset 
acquisition. 
 
 
Restricts deals to meet the following 
criteria: 1. Deal type is equal to 
acquisition, farm in and joint venture. 
 2. The deal is completed.   
 
 
 
Exclude deals not available in SDC 
platinum and Factiva database, firms 
with insufficient share returns during 
estimation and event period and deals 
with confounding effect announcements 
during event period including  dates 
which acquirers or divestiture have 
market sensitive announcement during 
the event period such as stock splits or 
dividend announcement.   
 
 
 
 

8,236 
 
 
 

4,229 
 
 
 
 
 
 

   2,255 
 
 
 
 
 
 
 

1,282 

6,305 
 

 
 

   4,115 
 
 
 
 
 
 

   2,911 
  
 
 
 
 
 
 

1,503 

Final Sample for analysis 1,282 1,503 
 

17 Herold also provides information on all asset acquisition deals in the oil and gas industry in upstream, 
midstream, downstream and oilfield services. 
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Descriptive statistics are reported in Table 2-2. Panels A and B report the statistics for 

the control variables in the acquisition and divestiture sample respectively. The choice 

of control variables is consistent with previous studies (Sicherman & Pettway 1992; 

Mulherin & Boone 2000; Moeller et al. 2004). Size is measured using the natural log of 

the firm total assets. Return on assets (ROA) is the ratio of earnings before interest and 

taxes (EBIT) to total assets. For market to book ratio, consistent with Uysal (2011), 

market value is equal to market value of equity plus preferred stock plus liabilities 

minus balance sheet deferred taxes and investment tax credit scaled by book value of 

total assets. The age (AGE) of the firm is measured using the natural log of the number 

of years the firm has been listed on the stock exchange (See Appendices Table A-1 for a 

description of variables). The average size of the firms in the acquisition sample is less 

than the average size of the firms in the divestiture sample. Further, the average age of 

the divestiture sample is 5 years older than the average age of acquisition sample. 
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Table 2-2 Descriptive statistics. 

This table reports the descriptive statistics for the explanatory variables. The total assets (Item AT) is used 
as a proxy for the size of the firm. The ROA is the firm earnings before interest and taxes (EBIT) divided 
by total assets (Item AT). Market value divided by the book value measures the firm’s growth options 
where the book value is equal to the firm’s total assets (Item AT) and the market value is measured as 
market value of the equity (Item CSHO*Item PTCC_F) plus preferred stock (Item PSTKL) plus liabilities 
(Item LT) minus balance sheet deferred taxes and investment tax credit (Item TXDITC). Leverage is 
equal to total liabilities (Item LT) over total assets (Item AT). The age (AGE) of the firm is measured 
using the natural log of the number of years the firm has been listed on the stock exchange. The Vol-Oil is 
the volatility of the changes in WTI closest to maturity futures contract in the last 30 days prior to the 
announcement date. All of the variables are measured using the lagged values. 
 
Variable N Mean Median Min Max Std Dev 

Panel A, Acquisition of asset       

Size (000,000’s) 1282 28,788 2,828 3.836 322,560 61,010 

ROA 1282 0.1528 0.1676 -1.102 0.702 0.132 

Growth 1282 1.5327 1.3627 0.454 18.898 0.840 

Leverage 1282 0.5417 0.5502 0.023 1.499 0.175 

Age 1282 25.4329 22.000 4.000 51.000 14.119 

Vol oil 1282 0.0221 0.0201 0.008 0.179 0.010 

Panel B, Divestiture of asset 

Size (000,000’s) 1503 46,471 11,504 4.607 322,560 72,952 

ROA 1503 0.1472 0.1531 -0.796 2.000 0.130 

Growth 1503 1.4077 1.2880 0.368 8.567 0.584 

Leverage 1503 0.5806 0.5737 0.001 2.000 0.163 

Age 1503 30.9946 27.000 4.000 51.000 15.650 

Vol oil 1503 0.0225 0.0202 0.008 0.084 0.010 

Spearman correlation coefficients for the explanatory variables are reported in        

Table 2-3. Panels A and B respectively report the correlation coefficients for the 

acquisition and divestiture sample. The correlation coefficient between size and age is 

0.2 in the acquisition sample and 0.3 in the divestiture sample which suggests that larger 

firms in the sample tend to be older. The correlation coefficient between growth and age 

is negative and significant in the acquisition sample which implies that firms with more 

growth options are generally younger firms. Conversely, the correlation coefficient 

between growth and age is positive and significant in the divestiture sample.   
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Table 2-3 Spearman correlation coefficients. 

This table provides a matrix of Spearman correlation coefficients for all the relevant variables.*** and ** 
refers to 1% and 5% level of significance. 

Panel A. Acquisition of assets 

 Growth ROA Leverage VOL_oil Age 

SIZE -0.1519*** 
 

0.3227*** 
 

0.2207*** 
 

0.0485 
 

0.2281*** 
 

Growth 
 

-0.0804*** 
 

-0.1110*** 
 

-0.0305 
 

-0.0711** 
 

ROA 
  

0.2192*** 
 

0.0946*** 
 

0.1372*** 
 

Leverage 
   

0.0370 
 

0.0555** 
 

Vol-Oil 
    

0.0029 
 

  
Panel B. Divestiture of assets 
 

 Growth ROA Leverage VOL_oil Age 

SIZE 0.0922*** 0.3543*** -0.1096*** -0.0058 0.3105*** 

Growth 
 

0.3443*** -0.2408*** -0.0077 0.0849*** 

ROA 
  

-0.2389*** 0.03161 0.0722*** 

Leverage 
   

0.0359 0.0241 

Vol-Oil 
   

  -0.0424 

  

Table 2-4 provides some details on the classification of both proven technology and the 

various subsectors of frontier technology resources. This information is obtained from 

IHS Herold which reports both the main component of asset acquisition deals and the 

key characteristics of the deal. This information is used to classify all the asset deals 

into either of two groups, proven technology and frontier technology resources. The 

frequency and proportion of the different subsectors of proven and frontier technology 

resource groups, for both the acquisitions and the divestitures samples are reported in 

Table 2-4. 18 

18 I rely on Herold subsector classification for this study.  
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While I relied on IHS Herold classification scheme, it is important to note the 

distinction in geological formations of the resource type. Coal bed methane (or coal 

seam gas), tight sands gas, oil sands, extra heavy oil, tight oil and shale gas are 

classified as unconventional resources. This is because the extraction techniques of 

unconventional resources are distinctly different from those applied to conventional oil 

and gas resources.  It should also be noted that LNG is the result of a post-drilling 

process and can be produced using conventional and unconventional gas. 

Table 2-4 Classification of oil and gas firms by broad subsectors.  

Key Characteristic Type Acquisition 

 

Divestiture 

Frequency Percent 

 

Frequency Percent 

Coalbed Methane Frontier 
technology 35 2.73 

 
35 2.33 

Conventional Proven 
technology 737 57.49 

 
918 61.08 

Deepwater Frontier 
technology 125 9.75 

 
148 9.85 

Heavy Oil Frontier 
technology 27 2.11 

 
34 2.26 

Liquefied Natural Gas Frontier 
technology 24 1.87 

 
20 1.33 

Other non conventional Frontier 
technology 66 5.15 

 
28 1.86 

Shallow Water Frontier 
technology 121 9.44 

 
247 16.43 

Tight Gas/Shale Gas Frontier 
technology 147 11.47 

 
73 4.86 

Total 
 

1282 100 
 

1503 100 

 

The frequency of acquisitions and divestitures for both proven technology and frontier 

technology resources through time is presented in Table 2-5. A total of 737 acquisition 

announcements are assigned to proven technology and a total of 545 acquisition 

announcements are assigned to frontier technology resources. For divestitures, a total of 

918 announcements are assigned to proven technology resources and a total of 585 
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announcements are assigned to frontier technology resources. Further, it should be 

noted that certain sub-sectors might be more or less "frontier" than others. For example, 

over the period 1989 to 2011, there are increasing numbers of acquisitions and 

divestures in frontier technology companies implying that certain technologies might 

have been frontier in 1989 but not in 2011. 

Table 2-5 Announcement frequency by year. 
 
 YEAR   Acquisition   Divestiture 

 
  

Proven 
technology 

Frontier 
technology Total 

 

Proven 
technology 

Frontier 
technology Total 

1989   12 1 13  23 0 23 
1990   5 1 6  26 4 30 
1991   21 1 22  46 1 47 
1992   14 2 16  25 1 26 
1993   25 4 29  25 3 28 
1994   29 3 32  18 3 21 
1995   24 3 27  37 3 40 
1996   44 2 46  52 5 57 
1997   44 5 49  51 13 64 
1998   39 6 45  60 7 67 
1999   30 15 45  52 16 68 
2000   29 12 41  25 12 37 
2001   24 23 47  20 18 38 
2002   28 14 42  37 20 57 
2003   28 20 48  40 23 63 
2004   44 26 70  45 37 82 
2005   54 48 102  32 58 90 
2006   37 49 86  47 67 114 
2007   44 57 101  61 66 127 
2008   33 69 102  48 61 109 
2009   38 39 77  34 61 95 
2010   52 74 126  67 66 133 
2011   39 71 110  47 40 87 

Total   737 545 1282 
 

918 585 1503 

2.4.2 Method 

2.4.2.1 Univariate analysis  

I use the event study method (Ball & Brown 1968; Fama et al. 1969) to assess the 

impact of capital expenditure announcements on oil and gas firm share price. As capital 

expenditure announcements tend to be randomly distributed over time, I use the 
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traditional event study approach. Both observed return and expected return are required 

to estimate the abnormal return for day t. Returns are estimated over a 258 day 

estimation period starting from day -269 to -11 with the announcement date allocated 

the event time of zero. The time span of the event window is from -10 to +10. Abnormal 

return is calculated by subtracting the expected return from the observed return over the 

event period: 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝑖𝑖𝑖𝑖 − 𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖)          (2.1) 

Where, 𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 represents the abnormal return at time 𝑡𝑡 , 𝐴𝐴𝑖𝑖𝑖𝑖 denotes the observed return at 

time 𝑡𝑡 for firm 𝑖𝑖 and 𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖) is the expected return estimated over the estimation period 

using ordinary least squares regression. While daily abnormal returns are estimated 

using numerous models in the literature, the Carhart four factor model is used to 

estimate expected return in this study. This model, incorporates the three Fama and 

French factors (Fama & French 1992) as well as Carhart momentum factor (Carhart 

1997):  

𝐴𝐴𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝐴𝐴𝑀𝑀,𝑖𝑖 + 𝑠𝑠𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + ℎ𝑖𝑖𝐻𝐻𝑆𝑆𝐻𝐻𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑈𝑈𝑆𝑆𝑈𝑈𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                   (2.2) 

Where, Rit represents the stock return for firm i, RM,t denotes the value weighted CRSP 

market index, SMBt refers to the return of the small minus big portfolio, which is a 

proxy for the size effect, HMLt denotes the return of the high minus low book to market 

ratio firm portfolio, which captures the book to market effect and UMDt represents the 

returns of high minus low portfolio, which captures the momentum effect. The expected 

return estimate for firm i for event time t is: 
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𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖) = 𝛼𝛼�𝑖𝑖 + �̂�𝛽𝑖𝑖𝐴𝐴𝑀𝑀,𝑖𝑖 + �̂�𝑠𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + ℎ�𝑖𝑖𝐻𝐻𝑆𝑆𝐻𝐻𝑖𝑖 + 𝑢𝑢�𝑖𝑖𝑈𝑈𝑆𝑆𝑈𝑈𝑖𝑖                                            (2.3) 

The second model used to estimate expected return is the one factor market model. A 

constrained form of the model, the zero one market model is also calculated by 

subtracting the value weighted CRSP market return from the firm’s observed return to 

obtain abnormal return. This measure of expected return imposes a zero intercept and a 

beta of one on the simple one factor market model. It has been used previously in the 

literature as a robustness check (Moeller et al. 2004).  

The cumulative abnormal return (CAR) is calculated for different sub-periods. In 

univariate analysis, this study measures the cumulative abnormal return over eight 

different intervals. The CAR is defined as: 

𝐶𝐶𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = ∑ 𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖                                                                                                                   𝑖𝑖=𝑛𝑛
𝑖𝑖=𝑚𝑚  (2.4) 

Where m and n refers to one of the following intervals: 

(𝑚𝑚 , 𝑛𝑛) = (−10, +10), (−5, +5), (−5, +1), (0,0), (−1, +1), (0, +1), (−1, +5), (+1, +10)                   

These event windows are used to assess the sensitivity of share market returns around 

the announcement date. The intervals are selected to capture information leakage prior 

to the official announcement and gauge whether the market has overreacted to the 

announcement.   

The literature provides a range of methods that could be used in calculating parametric 

and non-parametric tests to determine the level of significance of abnormal returns and 

cumulative abnormal returns (See section 4.3.2 in chapter four for more discussion). 

While the problems with event induced volatility and cross correlation in abnormal 

returns is noted in the event study literature (Kolari & Pynnönen 2010), some 

parametric and non-parametric tests have been proposed to resolve these issues. This 
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study uses the Boehmer et al. (1991) standardized t-test that controls for autocorrelation 

as well as event induced volatility. 

In addition to short term analysis, long term event studies known as Buy and Hold 

Abnormal Return (BHAR) are also estimated. I compute long-run abnormal returns 

using two different approaches. The first approach is the buy and hold returns over 12, 

24 and 36 months following the announcement date: 

𝑆𝑆𝐻𝐻𝐴𝐴[0,𝑇𝑇] = ���1 + 𝐴𝐴𝑖𝑖,𝑖𝑖� − 1
𝑇𝑇

𝑖𝑖=0

�                                                                                       (2. 5) 

 Consistent with Fu et al. (2013), the market adjusted buy and hold return is also 

calculated: 

𝑆𝑆𝐻𝐻𝐴𝐴𝐴𝐴[0,𝑇𝑇] = ���1 + 𝐴𝐴𝑖𝑖,𝑖𝑖� − 1
𝑇𝑇

𝑖𝑖=0

� − ���1 +𝐴𝐴𝑚𝑚 ,𝑖𝑖� − 1
𝑇𝑇

𝑖𝑖=0

�                                      (2. 6) 

Where 𝐴𝐴𝑖𝑖,𝑖𝑖  is the monthly stock return for security i during month t; 𝐴𝐴𝑚𝑚 ,𝑖𝑖 is the monthly 

return for the CRSP value weighted market return during month t and T refers to the 

holding period. Three holding periods of 12, 24 and 36 months are used in the 

calculation.  

2.4.2.2 Analysis of wealth effect 

Following the procedure proposed by Mulheim and Boone (2000), I estimate the 

combined wealth effect for both the acquirer and seller using the value weighted 

cumulative abnormal return (CAR). While Mulherim and Boone (2000) used only the 

zero one version of the market model in their analysis, I estimate the value weighted 

cumulative abnormal return (CAR) using three methods, the zero one model, the Market 

model and the Carhart four factor model (Carhart 1997). Consistent with Mulheim and 

Boone (2000), I use the three-day CAR (-1,+1) to estimate the value weighted CAR. 
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The value weighted CAR is calculated as follows using the matched acquirer and 

divestiture samples:  

𝑉𝑉𝑉𝑉𝐶𝐶𝐴𝐴𝐴𝐴 =
(𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝑉𝑉𝐴𝐴𝐶𝐶𝑊𝑊𝑖𝑖−2 + 𝐶𝐶𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷 × 𝑉𝑉𝑈𝑈𝑖𝑖𝑊𝑊𝑖𝑖−2)

𝑉𝑉𝐴𝐴𝐶𝐶𝑊𝑊𝑖𝑖−2 + 𝑉𝑉𝑈𝑈𝑖𝑖𝑊𝑊𝑖𝑖−2
                                          (2. 7) 

Where: 

𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  refers to the acquirer firm cumulative abnormal return 3 days around the 

announcement. 

𝐶𝐶𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷   corresponds to the divestiture firm cumulative abnormal return 3 days around 

the announcement. 

𝑉𝑉𝐴𝐴𝐶𝐶𝑊𝑊𝑖𝑖−2 is the equity value of the acquirer firm two days prior to the announcement 

date. 

𝑉𝑉𝑈𝑈𝑖𝑖𝑊𝑊𝑖𝑖−2 : is the equity value of the divestiture firm two days prior to the announcement 

date. 

2.5 Empirical results 

In this study, I investigate the sensitivity of the value of oil and gas firms to the 

announcements of acquisitions and divestitures of proven technology and frontier 

technology resources. Further, the total wealth effect of acquisition and divestiture for 

the parties involved in the transaction is also investigated. Finally, the sensitivity of oil 

and gas firm investment in various subsectors of oil and gas industry is also explored. In 

this chapter, I focus only on abnormal returns calculated using the four factor model for 

the analysis.19  

19 Given the consistency of the results observed with different measures of abnormal return, I only focus 
on four factor model to estimate abnormal return. Nevertheless, chapter four provides more detail analysis 
of various measures of expected return.   
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2.5.1 Acquisition and divestiture of proven technology and frontier 
technology resources. 

Univariate analysis is initially used to investigate the market reaction to announcements 

of acquisition and divestiture of frontier technology and proven technology resources. 

Further, I compare the market reaction to acquisition and divestiture samples to further 

explore the importance of the emergence of technology in the oil and gas industry. 

Table 2-6 reports the event study results, for the acquisitions and the divestiture 

samples. Panel A of Table 2-6 reports the event study results for acquisition of proven 

technology and frontier technology resources. The market reacts positively both to the 

announcement of the acquisition of proven technology resources20, and to the 

acquisition of frontier technology resources.21 A positive and significant market 

reaction to acquisition of proven technology resources is consistent with H1A 

hypothesis and previous asset acquisition and capital expenditure studies. Further, the 

market reaction to acquisition of frontier technology resources is also positive though 

insignificant for the three days around the announcement, which fails to support H1B 

hypothesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20 The market reaction is significant and positive on acquisition of proven assets. It should be noted that 
market reaction is not statistically significant for the days following the announcement CAR(+1,+10).  
21 The market reaction is only significant at the date of announcement.  
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Table 2-6 Event study, proven technology and frontier assets. 

This table provides an overview of the market response to acquisition and divestiture announcements.  
Panel A reports the market reaction to acquisition of proven and frontier technology resources and panel 
B reports the market reaction to announcements of divestiture of proven and frontier technology 
resources.  The parameters for expected return in Panel A and B are calculated over days -269 to -11, 
where day 0 is the announcement date. The parameters of expected return are calculated using the Carhart 
(1997) four factor model. For CAR, t-statistics are calculated using the standardized cross-sectional 
method of Boehmer et al. (1991). The ***, ** and * refer to significance at the 1%, 5% and 10% levels, 
respectively. 
 

  
Proven technology 

 
Frontier technology 

 
Difference 

  
(N=737) 

 
(N=545) 

  
  

(1) 
 

(2) 
  Event 

Window Mean CAR t-stat   Mean CAR t-stat   (1)-(2) t-stat 
Panel A: Acquisition.   
(-10,+10)  

0.0135 2.38**  0.0090 0.91  0.0044 0.61 

(-5,+5)  
0.0118 2.52**  0.0061 0.44  0.0057 1.03 

(-5,+1)  
0.0137 4.10***  0.0051 0.66  0.0087 2.03** 

(0,0)  
0.0074 4.64***  0.0052 2.24**  0.0021 0.84 

(-1,+1)  
0.0093 4.46***  0.0057 1.09  0.0036 1.06 

(0,+1)  
0.0095 4.92***  0.0055 1.37  0.0040 1.31 

(-1,+5)  
0.0074 2.29**  0.0068 0.67  0.0006 0.13 

(1,+10)   -0.0010 -0.37  0.0039 0.47  -0.0050 -1.08 
Panel B: Divestiture. 

  
(N=917) 

 
(N=585) 

  
 

  
(1) 

 
(2) 

 
(1)-(2) t-stat 

(-10,+10)  
0.0071 2.23**  0.0184 2.88***  -0.0113 -1.26 

(-5,+5)  
0.0071 2.32**  0.0152 3.04***  -0.0082 -1.37 

(-5,+1)  
0.0089 2.91***  0.0165 4.96***  -0.0076 -1.46 

(0,0)  
0.0066 3.55***  0.0064 2.25**  0.0003 0.09 

(-1,+1)  
0.0079 3.72***  0.0116 3.17***  -0.0036 -0.82 

(0,+1)  
0.0064 3.37***  0.0096 2.79***  -0.0032 -0.80 

(-1,+5)  
0.0061 2.68***  0.0121 2.35**  -0.0060 -1.16 

(1,+10)   -0.0012 1.01  0.0028 0.68  -0.0040 -0.70 

On average, I find that acquirers of frontier technology resources realize positive and 

insignificantly lower returns than the acquirers of proven technology resources (See 

Figure 2-3, Panel A). Although, the difference in market reaction is not statistically 

significant except CAR (-5,+1). Further, the pre-event run-up for proven technologies as 

compared with that for frontier technologies might be argued to be consistent with the 

wider exposure within the investment market of proven technology companies. Using 

the sample of 737 acquisition announcements for proven technology resources, the 

average return for the three days around the announcement is 0.93%. For the sample of 
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545 acquisition announcements for frontier technology resources, the acquirer three day 

cumulative abnormal return is 0.57% (See Figure 2-3). Given that the differences in the 

market reaction between the acquisition of proven technology and frontier technology 

resources is not statistically significant, I fail to support H1C hypothesis.  

The winner’s curse and under-reaction hypotheses can explain the larger market 

reaction for proven technology acquisition. While both of these announcements seem 

good news to the market, the market reaction to acquisition of proven technology 

resources is larger than to acquisition of frontier technology resources. Whether the 

investors underweight the announcement of acquisition of frontier technology resources 

or the acquirers pay above market value to access the frontier technology, it appears that 

on average, the share market values acquisition of proven technology resources more 

than frontier technology resources. One explanation for this result is the under-reaction 

(Hirshleifer et al. 2013). The limited attention of investors to acquisition of frontier 

technology resources can explain the positive and statistically insignificant market 

reaction to these announcements. Another explanation arises from the existence of 

information asymmetry, which results in a winner’s curse effect with acquirers tending 

to pay too much for frontier technology resources relative to proven technology 

resources. The positive significant market response observed for acquisition 

announcement is consistent with previous capital acquisition studies (Rosenfeld 1984; 

Jain 1985; Hite et al. 1987). Further, a positive and insignificant market response 

observed for acquisition announcements is also consistent with previous whole of 

market type studies of assets acquisition (Zaima & Hearth 1985; Sicherman & Pettway 

1987; Datta & E. Iskandar-Datta 1995). The contribution of this study is to highlight the 

variation of market reaction to acquisition of proven technology and frontier technology 

resources. To the best of the author’s knowledge, this is the first study which documents 
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market reaction to investment announcement in a complex industry like the oil and gas 

industry by characterising the technology used in acquisition announcement.   

Figure 2-3 compares the market response to acquisition and divestiture of frontier 

technology and proven technology resources. The market response to acquisition of 

frontier technology resources is less than proven technology resources (Figure 2-3, 

Panel A). Further, the market reaction to divestiture of frontier technology resources is 

greater than market reaction to divestiture of proven technology resources (Figure 2-3, 

Panel B). 
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Figure 2-3 Market response to the announcements of acquisition and divestitures  
of proven technology and frontier technology resources (1989-2011). 

Panel A, Acquisition.   

 

Panel B, Divestiture.   
 

 

 While the market response to acquisition of frontier technology asset is positive and 

significant at the date of announcement, market response to divestiture of frontier 

technology asset is also positive and significant as shown in Panels A and B of Table   

2-6. Financial markets also react positively to the announcement of acquisition and 

divestiture of proven technology resources. Of particular interest is the market response 

for the three day period around the announcement. This is positive for the divestiture of 
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both proven technology (0.08%) and frontier technology (0.11%) resources, but more so 

for the divestiture of frontier technology resources. The evidence above is consistent 

with the focusing hypothesis and the notion that the market reacts positively to the 

announcement of firms divesting inefficient assets.  

One possible explanation for larger though generally statistically insignificant market 

reaction to divestiture of frontier technology resources relative to proven technology 

resources could lie with option effects. If a firm decides to sell a valuable asset, both the 

value of the asset and value of the firm increases (Galai & Masulis 1976). Indeed, the 

value of the firm may increase dramatically at announcement because it is selling an 

asset which is not highly correlated with the other assets that the firm holds. In effect, 

the value of the option is bounded from below but it is not bounded from above. This 

could explain the strong market reaction (3 days CAR) to divestiture of frontier 

technology (0.0116) relative to divestiture of proven technology resources (0.0079). 

Given that the difference in market reaction to divestiture of proven technology and 

frontier technology resources is not statistically significant, the results fail to support the 

H1C hypothesis proposed in this study.  

2.5.2 Wealth effect of proven technology and frontier resources 

In addition to the market reaction, I investigate the combined wealth effect of 

acquisition and divestiture for the parties involved in the deal.22 Previous studies find a 

positive wealth effect for whole industry sectors following the announcement of 

acquisition and divestiture (Kaplan & Weisbach 1992; Mulherin & Boone 2000). In this 

study, I examine the combined wealth effect of the acquisition and divestiture sample 

for both proven technology and frontier technology resources. For every divestiture, 

there is an acquisition and the following analysis focuses on these matched pairs.      

Table 2-7 reports the combined we alth effect for matched acquisition and divestiture 

22 Pair acquisition and divestiture announcement – match sample.  
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announcement pairs. On average, the matched acquisition and divestiture abnormal 

returns for proven technology resources are positive, consistent with creation of wealth.  

For the sample of 172 matched acquisition and divestiture pairs for proven technology 

resources, the average equally weighted wealth effect three days around the 

announcement date is 1.33%. The median equally weighted wealth effect is 0.8%. In 

comparison, the average value weighted wealth effect for proven technology resources 

is 0.56%. This suggests evidence of a greater wealth effect for smaller firms in the deal. 

Consistent with the existence of a synergy effect and hypothesis three, these findings 

suggest that acquisition and divestiture of proven technology resources creates wealth 

but this may not be evenly spread across buyer and sellers.  

Table 2-7 Combined effect of acquisition and divestiture.  

CAR-ACQ refers to the cumulative abnormal return for the acquiring firms. CAR-DIV is the cumulative 
abnormal return for the divestiture firms. EW and VW refer to the equally weighted and value weighted 
return of the combined acquisition and divestiture. The parameters for expected return are calculated over 
days -269 to -11, where day 0 is the announcement date. The parameters for expected return are 
calculated using Carhart (1997) four factor model. The ***, ** and * refer to significance at the 1%, 5% 
and 10% levels, respectively. 
 

 The return effect    Proven technology   Frontier technology  

  
CAR-ACQ CAR-DIV   EW VW   EW VW   

Mean 0.0085 0.0128   0.0133 0.0056   0.0162 0.0061   
Std Dev 0.0553 0.0957   0.051 0.0412   0.0947 0.0571   
Min -0.1838 -0.2838   -0.158 -0.109   -0.131 -0.099   
Max 0.4019 1.7152   0.31 0.247   0.913 0.396   
N 574 574   172 172   141 141   
Median 0.0032 0.0012   0.0082 0.0072   0.0024 -0.0003   
t Value 3.69*** 3.21***   3.42*** 1.77*   2.04** 1.27   
Pr > |t| 0.0003 0.0014   0.0008 0.0778   0.0436 0.2062   

 
For the sample of 141 matched acquisition and divestiture pairs for frontier technology 

resources, the average equally weighted CAR around the announcement date is 1.62%. 

The median wealth effect is 0.24% which suggests considerable wealth creation for a 

relatively small number of divestitures. Further, the average value weighted wealth 

effect for frontier resources is not significant. 
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While this result is in line with the synergy effect in the case of proven technology 

resources, there is evidence of synergy effects for the frontier technology resources only 

when the wealth effect is measured using equally weighted returns. This suggests that 

the benefits of divestiture are not evenly spread across buyer and seller. Overall, the 

results estimated using equally weighted returns for frontier technology resources is 

consistent with the third hypothesis H3.   

Mulherin and Boone (2000) document an average combined value weighted wealth 

effect of 3.56% during 1990’s for the whole market. Mulherin and Boone (2000) found 

a total wealth effect that was higher than the total effect reported in this study. 

Nevertheless, the positive wealth effect reported for proven technology resources is 

consistent with the total wealth effect documented in Mulherin and Boone (2000) for 

the full market and it is also consistent with synergy hypothesis.  

2.5.3 Market reaction to acquisition announcement.  

A cross sectional analysis is conducted to explore the variation of market reaction to 

acquisition of proven technology and frontier technology resources. Table 2-8 reports 

the regression results for the acquisition sample over the whole sample period 1989-

2011. The dependent variable is the cumulative abnormal return estimated using the 

Carhart four factor model over three days around the announcement date. Consistent 

with previous studies, control variables are also included. These include Size (Moeller 

et al. 2004), growth (Kerstein & Kim 1995), leverage (Haushalter et al. 2002) , ROA 

(Hirshleifer et al. 2013), volatility of crude oil price returns (Grullon et al. 2012) and 

age (Hobijn & Jovanovic 2001). The variables of interest are the indicator variables 

identifying frontier technology resources. In the second column in Table 2-8, the 

variable of interest is TECHDA which represents an indicator variable for acquisition of 

frontier technology resources. The insignificant positive coefficient for TECHDA 

suggests that on average market reaction to acquisition of frontier technology resources 
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is not significantly different from market response to acquisition of proven technology 

resources. This is consistent with the univariate analysis and fails to support the H1C 

hypothesis.   

In univariate analysis, the results showed that market reaction to announcement of 

acquisition of frontier technology resources is positive though insignificant. Further, I 

investigate the market reaction to acquisition of the different subsectors that make up 

frontier technology resources. These subsectors are coal bed methane, deep water, 

heavy Oil, liquefied natural gas, shallow water, shale gas/tight gas and other 

unconventional resources.23 The indicator variable is equal to one for the particular 

subsector and zero otherwise. The coefficients for each of these subsectors captures 

share market reaction to the acquisition of these types of assets relative to proven 

technology resources. The third column in Table 2-8 reports the market reaction to these 

various frontier technology resource subsectors.  

The results suggest that there is no significant difference in market reaction to the 

various subsectors of frontier technology resources relative to proven technology 

resources. Yet, the coefficients estimated for the subsectors suggest that on average 

some subsectors generate higher returns, relative to proven technology resources. For 

example, acquisition of shale/tight gas assets, liquefied natural gas asset and shallow 

water assets generate 0.97%, 1.50% and 0.49% returns respectively over three days 

around the announcement date. Conversely, the acquisition of heavy oil and coalbed 

methane destroyed the value of the firms investing in these frontier technology 

resources respectively by 0.82% and 0.55%.  

 

 

23 Herold identifies some of the technology frontier resources as “other non-conventional”.  
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Table 2-8 Cross sectional regression for acquisition sample. 

The dependent variable is the cumulative abnormal return estimated using the Carhart (1997) four factor 
model three days around the announcement date. TECHDA is an indicator variable equal to one if the 
transaction is related to frontier technology resources and zero otherwise. Coalbed Methane, Deepwater, 
Heavy oil, Liquified Natural gas, other non-conventional, shallow water and shale gas are indicator 
variables for each subsector. Control variables are defined in Table A-1 in the Appendix. Robust standard 
errors clustered by firm are reported in parenthesis below the estimated coefficient. The ***, ** and * 
refer to significance at the 1%, 5% and 10% levels, respectively. 

  Tech  Subsector   Subsector - subsample analysis 

 1989-2011 1989-2011   1989-1994 1995-1999 2000-2005 2006-2011 
Constant 0.0228 0.0122  -0.0333 0.0620 0.0073 0.0711* 

 (0.0131) (0.0131)  (0.0382) (0.0617) (0.0350) (0.0203) 
TECHDA 0.0035       
 (0.0039)       
Coalbed 
Methane   -0.0055  0.0134 -0.0137 -0.0133 -0.0029 

  (0.0180)  (0.0387) (0.0132) (0.0094) (0.0318) 
Deepwater  0.0044    -0.0222 0.0078 0.0094 

  (0.0083)   (0.0144) (0.0075) (0.0061) 
Heavy Oil  -0.0082  -0.0039 -0.0430** 0.0184 -0.0032 

  (0.0083)  (0.0110) (0.0165) (0.0241) (0.0083) 
Liquefied 
Natural Gas   0.0150    -0.0076 0.02995 0.0088 

  (0.0099)   (0.0076) (0.0187) (0.0075) 
Other non-
conventional  -0.0076  -0.0278** 0.0759*** -0.0037 -0.0107 

  (0.0063)  (0.0104) (0.0095) (0.0096) (0.0083) 
Shallow 
Water  0.0049  -0.0413* 0.0053 -0.0012 0.0105 

  (0.0058)  (0.0213) (0.0240) (0.0073) (0.0084) 
Shale 
Gas/tight gas  0.0097  -0.0305* 0.0063 0.0345 0.0066 

  (0.0064)  (0.0175) (0.0187) (0.0229) (0.0073) 
Control 
variables:        
Vol-Oil -0.0726 -0.0871  0.0866 0.2169 1.1677** -0.3979 

 (0.1411) (0.1429)  (0.1359) (0.5258) (0.4825) (0.3364) 
Size -0.0038*** -0.0039***  0.0006 -0.0029 -0.0018 -0.0052*** 

 (0.0009) (0.0009)  (0.0036) (0.0025) (0.0016) (0.0018) 
Growth -0.0056* -0.0055*  0.0469* -0.0203** -0.0107*** -0.0005 

 (0.0030) (0.0030)  (0.0245) (0.0096) (0.0024) (0.0040) 
ROA -0.0067 -0.0068  -0.0505 0.0146 -0.0219 -0.0033 

 (0.0146) (0.0145)  (0.1078) (0.0242) (0.0415) (0.0199) 
Leverage -0.0209 -0.0219  -0.0572 -0.0052 -0.0232 -0.0215 

 (0.0147) (0.0148)  (0.0407) (0.0275) (0.0270) (0.0218) 
Age -0.0022 -0.0019  0.0007 -0.0002 0.0004 0.0001 

 (0.0030) (0.0031)  (0.0005) (0.0003) (0.0054) (0.0001) 
Adjusted R2 0.0299 0.0306  0.0561 0.0187 0.0800 0.0364 

        
N 1282 1282  118 212 350 602 
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So far, I have examined the market reaction to various subsectors of frontier technology 

resources from 1989 to 2011. Within this time period, the landscape of the energy 

market has changed substantially, fuelled by technological changes and fluctuations in 

commodity prices. Figure 2-2 illustrates the variation in media attention to frontier 

technology resources over the past two decades using the number of news articles 

published per year in the Wall Street Journal over the study period. To address this 

issue, I regress the cumulative abnormal return on the different frontier technology 

subsectors dummy variables using different sub-periods.  

The sample is divided into four sub-periods over the period 1989 to 2011. The first sub 

period is from 1989 to 1994 which is reported in the fourth column of Table 2-8. 

Considering the low price of crude oil during this period, the market is not expected to 

react positively to acquisition announcements of frontier technology resources. Further, 

the technological innovation for frontier technology resources was not well developed 

during this period. Consistent with these observations, the coefficients estimated for 

each of the frontier technology resource subsectors is negative (except for Coalbed 

Methane). In particular, the results suggest that the acquisition of shale gas, tight gas 

and shallow water were value destroying for the acquirers. The coalbed methane 

production increased substantially during this period and this may explain the positive 

coefficient for coalbed methane. It should also be noted that observations reported from 

1989 to 1994 for frontier technology resources are limited. While I have used numerous 

robustness checks, the results remain unchanged. 

In the period starting from 1995 to 1999, the coefficient for acquisition of heavy oil 

relative to proven technology resources is negative and significant. It is argued that 

discovery and production of heavy oil was uneconomical when the price of crude oil 

was low (Ordonez 2007). Given the average oil price of less than $20 during this period, 

the negative coefficient for acquisition of heavy oil is not surprising. 
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In the third and fourth time periods, there is no significant market reaction to acquisition 

of frontier technology resources relative to proven technology resources. Yet, the 

coefficient for shale/tight gas and deep water is positive during this period. Perhaps, 

these positive coefficients are driven by high crude oil prices and advances of 

technology. 

Table 2-9 reports the results for the divestiture sample. The second column in Table 2-9 

reports the market reaction to divestitures of frontier technology versus proven 

technology resources over the whole sample period 1989-2011. The results for the 

divestiture sample indicate that market reaction to divestitures of frontier technology 

resources is significantly higher than the market reaction to divestitures of proven 

technology resources. The third column in Table 2-9 reports the market reaction to 

divestiture announcements for the various subsectors of frontier technology resources 

defined above. In the divestiture sample, the market reaction to divestiture 

announcements for shale gas assets is 4.31% higher than that for proven technology 

resources. Next, I explore the market reaction to divestiture announcements by 

subsectors of frontier technology resources using sub-periods. There is evidence of a 

negative market reaction to divestiture of shale gas assets relative to the divestiture of 

proven technology resources from 1995 to 1999 and a positive and significant market 

reaction from 2000 to 2005 and 2006 to 2011. One possible explanation for this positive 

and significant coefficient for shale gas is that a seller of shale gas assets was able to 

sell these resources at a premium because shale gas production was expanding in U.S. 

during this period. While there may be other energy specific reasons to explain the sign 

of the coefficients for each these frontier technology based subsectors, I leave this 

question for future research.   
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Table 2-9 Cross sectional regression for divestiture sample using four factor 
model.  

The dependent variable is the cumulative abnormal return estimated using the Fama French Carhart four 
factor model three days around the announcement date. TECHDA is an indicator variable equal to one if 
the transaction is related to frontier technology resources. Coalbed Methane, Deepwater, Heavy oil, 
Liquified Natural gas, other non-conventional, shallow water and shale gas are indicator variables for 
each subsector. Control variables are defined in Table A-1 in Appendix. The ***, ** and * refer to 
significance at the 1%, 5% and 10% levels, respectively. 
 

  Tech  Subsector   Subsector - subsample analysis 

 1989-2011 1989-2011   1989-1994 1995-1999 2000-2005 2006-2011 
Constant 0.0413* 0.0349  -0.0903 -0.0091 0.0524 0.0578 

 (0.0239) (0.0226)  (0.1158) (0.0404) (0.0505) (0.0387) 
TECHDA 0.0074*       

 (0.0043)       
Coalbed 
Methane  0.0072  0.0080 0.0119 -0.0015 0.0152 

  (0.0157)  (0.0183) (0.0172) (0.0202) (0.0361) 
Deepwater  -0.0005    -0.0007 -0.0087 0.0049 

  (0.0040)   (0.0136) (0.0073) (0.0056) 
Heavy Oil  -0.0056  0.0109 -0.0009 0.0083 -0.0090 

  (0.0063)  (0.0176) (0.0092) (0.0105) (0.0107) 
Liquefied 
Natural Gas   0.0058    -0.0242** -0.0219** 0.0510** 

  (0.0108)   (0.0091) (0.0108) (0.0241) 
Other non-
conventional  0.0004  -0.0162*** 0.0293*** -0.0205** 0.0032 

  (0.0075)  (0.0060) (0.0050) (0.0079) (0.0110) 
Shallow 
Water  0.0033  0.0166 -0.0034 -0.0045 0.0064 

  (0.0041)  (0.0208) (0.0092) (0.0051) (0.0068) 
Shale 
Gas/tight gas  0.0431**    -0.0232** 0.0221*** 0.0397* 

  (0.0221)   (0.0107) (0.0051) (0.0220) 
Control 
variables:        

Vol-Oil 0.7620* 0.7324*  0.4524 0.2656 -0.4481 1.2259 

 (0.4493) (0.4273)  (0.3736) (0.4802) (0.5198) (0.7877) 
Size -0.0031** -0.0028**  0.0015 -0.0058 -0.0020 -0.0050** 

 (0.0012) (0.0011)  (0.0040) (0.0043) (0.0019) (0.0021) 
Growth -0.0039 -0.0033  -0.0068 -0.0081 -0.0057 -0.0070 

 (0.0067) (0.0066)  (0.0238) (0.0109) (0.0096) (0.0091) 
ROA -0.0350* -0.0274  -0.2397* 0.0579 0.0108 -0.0340 

 (0.0202) (0.0198)  (0.1307) (0.0521) (0.0211) (0.0368) 
Leverage 0.0044 0.0038  -0.0200 0.0386 -0.0180 -0.0147 

 (0.0143) (0.0142)  (0.0468) (0.0271) (0.0385) (0.0266) 
Age -0.0049 -0.0039  0.0323 0.0118 -0.0003 -0.0021 

 (0.0045) (0.0042)  (0.0267) (0.0168) (0.0041) (0.0053) 
Adjusted R2 0.0187 0.0315  -0.0041 -0.0098 -0.0090 0.0529 

 
  

 
    N 1503 1503  175 118 367 665 
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Figure 2-4 illustrates the direction and magnitude of cumulative abnormal return for 

both the acquisition and the divestiture samples based on the various subsectors of the 

oil and gas industry using univariate analysis.  

Figure 2-4 Divestiture vs acquisition, Subsectors of oil and gas firm investments.  

Event Window (-1, +1), Market model is used to measure the expected return. The vertical axis refers to 
the cumulative abnormal return over three days around the announcement. Horizontal axis refers to the 
subsectors of energy industry.   

 

 

The intuition for positive market response to acquisition and divestiture of shale gas 

resources is as follows: Many firms overpaid for shale gas acreage in 2007-08 as natural 

gas prices dropped in 2009. This led to a wave of shale-specific transactions as firms 

tended to exit positions for which they effectively overpaid. So, this explains why 

acreage sales were beneficial for the share prices of both firms.  

2.5.4 Shale gas investment 

In the previous section, I investigate market reaction to acquisitions and divestitures of 

different subsectors of frontier technology resources relative to proven technology 

resources. Given the importance of shale gas in the U.S. market over the past couple of 
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years (Alonso & Mingo 2010; EIA 2011c; Medlock et al. 2011; Rogers 2011; Cahoy et 

al. 2012; Joskow 2013), I expand the analysis for shale gas to further explore this 

important subsector of the frontier technology resources. 

Further, the uncertainty around shale resources in particular is declining through time 

driven largely by the pace of activity and the rapidly evolving productivity changes 

resulting from improved downhole sensing and geo-steering capabilities. For example, 

since 2004 over 16,000 wells have been drilled in the Barnett shale alone. Given the 

time frame of the analysis, 1989-2011, this is a very relevant issue. In addition, the 

nature of rig activity in shales is evolving, with oil-bearing shales (aka light tight oil) 

being increasingly targeted since 2008. These activities have consequences for share 

prices for firms that shifted from gas-directed activity to oil-directed activity, 

particularly since the relative price of oil and gas changed dramatically in North 

America post-2008. 

In Table 2-8, the results suggest that acquisition of shale gas generates insignificantly 

higher returns relative to proven technology resources. Further, the results in Table 2-9 

suggest a significantly positive market response for divestiture of shale gas assets 

relative to proven technology resources.  

In this section, I examine the variation in market response to the announcements of 

acquisition and divestiture of shale gas assets (Table 2-10). The findings suggest that, 

on average, acquisition of shale gas assets generates a 1.5% return over three days 

around the announcement date. The cumulative abnormal return for divestiture of shale 

gas assets is even higher than that for acquisition, the divestiture of shale gas assets, on 

average, generates a 5.44% return over three days around the three announcements date 

period. While the return generated for the sellers of shale gas assets is almost 5 time the 
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return generated for the acquirers of shale gas assets, the difference is not statistically 

significant.  

Table 2-10 Acquisition and divestiture of shale gas. 

This table provides an overview of the market response to acquisition and divestitures announcement of 
shale gas. The parameters of expected return in Panel A and B are calculated over days -269 to -11, where 
day 0 is the announcement date. In Panel A, the parameters of expected return are calculated using Fama 
French Carhart four factor model. The market model is used to estimate the parameters of expected return 
in Panel B. The abnormal return in Panel C is calculated by subtracting the CRSP value weighted market 
index from the firm observed return over the event window. For mean CARS, t-statistics are calculated 
using standardized cross-sectional method of Boehmer et al. (1991). The ***, ** and * refer to 
significance at the 1%, 5% and 10% levels, respectively. 

  
Acquisition Shale 

gas/Tight gas 
N=(147) 

 
Divesting of shale 

gas/tight gas 
(N=74) 

 
Difference 

     
  

(1) 
 

(2) 
  Event 

Window Mean CAR t-stat   Mean CAR t-stat   (1)-(2) t-stat 
Panel A: Fama-French-Carhart four-factor model adjusted abnormal return.  
(-10,+10)  

0.0142 0.68  0.0602 2.65***  -0.0460 -1.61 

(-5,+5)  
0.0106 0.44  0.0636 3.52***  -0.0530 -1.94 

(-5,+1)  
0.0129 1.44  0.0633 3.97***  -0.0503 -1.93* 

(0,0)  
0.0132 2.47**  0.0283 2.68***  -0.0152 -1.10 

(-1,+1)  
0.0152 2.29**  0.0544 3.57***  -0.0392 -1.56 

(0,+1)  
0.0135 2.17**  0.0461 3.43**  -0.0326 -1.47 

(-1,+5)  
0.0128 0.86  0.0547 2.86***  -0.0418 -1.58 

(1,+10)   0.0007 -0.46  0.0034 0.27  -0.0027 -0.18 

 

2.5.5 Portfolio analysis 

In this section, I examine the market reaction to a portfolio of firms which invest only in 

proven technology or frontier technology resources or both of them. Firms in each 

portfolio either acquired proven technology resources (Proven), frontier technology 

resources (Frontier) or both proven technology and frontier technology resources 

(MIX). There is a total of 1282 acquisition announcements from which 960 

announcements belong to the MIX sample, 167 announcements belongs to Proven 

technology resources portfolio and 35 announcements belong to frontier technology 

resources portfolio.  

Table 2-11 reports the short term and long term reaction of each of these portfolios to 

the announcements of acquisition and divestiture of proven technology resources, 
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frontier technology resources and MIX. The buy and hold returns and market adjusted 

buy and hold returns are used as a proxy for long term abnormal returns over 12, 24 and 

36 months following the announcement date.24 The four factor cumulative abnormal 

return three days around the announcement dates are estimated as a proxy for short term 

returns. The long term and short term market reactions are computed for each portfolio. 

These univariate results reported in Table 2-11 suggest that market adjusted buy and 

hold return for the MIX portfolio is positive and significant ranging from 8% in 12 

months to 32% in 36 months using market adjusted buy and hold returns. The market 

adjusted buy and hold abnormal return estimated for technology proven resources for 12 

months is positive and significantly higher than the MIX portfolio. The buy and hold 

returns estimated for proven technology resources is positive and significant up to three 

years following the announcement and significantly higher than the MIX portfolio in 

the first two years. In the case of frontier technology resources, the buy and hold return 

is positive and significant. Collectively, the results of this study fail to support the 

fourth hypothesis. Indeed, there is no significant difference between the returns earned 

by a portfolio of firms which only acquire proven technology resources and the returns 

earned by a portfolio of firms which acquire frontier technology resources.  

Hirshleifer et al. (2013) find that innovative efficiency, measured with patents and 

citations scaled by research and development expenditures, is a strong predictor of 

future returns. In their study, Hirshleifer et al. (2013) argue that investors do not fully 

impound news regarding technological innovation in the short term and there is 

evidence of mispricing between innovative efficiency and return. The results in this 

current study are not comparable with Hirshleifer et al. (2013). There is no significant 

difference in the long-term return of proven technology relative to frontier technology 

24 The returns are raw returns and they are not scaled for each year.  
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resources. This suggests that investors fully impound the information regarding 

technological innovation into stock prices which is consistent with market efficiency.  
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Table 2-11 Portfolio analysis. 

This table presents the univariate analysis. Proven refers to the portfolio of firms which invest in proven technology resources. Frontier refers to the portfolio of firms which invest 
frontier technology resources. MIX refers to the portfolio of firm’s which invest in both proven and frontier technology resources. Panel A is estimated using market adjusted return 
and panel B is estimated using a Buy and Hold return. The t-test for differences in mean is estimated assuming unequal variances. The ***, ** and * refer to significance at the 1%, 
5% and 10% levels, respectively. 

Buy 
hold 
period 
return 

   Difference in means Difference in 
means 

Difference in 
means 

 Panel A, Market adjusted Buy and Hold return     

 

N MIX (1) t 

 

N Proven (2) t 

 

N Frontier 
(3) t 

 

(1)-(2) t (1)-(3) t (2)-(3) t 

[0,12] 1054 0.0842*** 6.30 
 

153 0.2102*** 3.19  32 0.1032 1.24  -0.126 -1.87* -0.019 -0.22 0.1070 1.00 
[0,24] 960 0.1421*** 6.21 

 
132 0.4302** 2.43  29 0.1303 1.02  -0.2881 -1.61 0.0118 0.09 0.2999 1.37 

[0,36] 838 0.3272*** 3.68 
 

103 0.2430 1.29  19 0.4017 1.08  0.0842 0.04 -0.0745 -0.19 -0.1587 0.38 
CARFF 1080 0.0070*** 4.38   167 0.0087 1.51   35 0.0253 1.22  -0.0017 -0.27 -0.0183 -0.87 -0.0166 0.77 

 

 
Panel B, Buy and Hold return 

        

 

N MIX (1) t 

 

N Proven (2) t 

 

N Frontier 
(3) t 

 

(1)-(2) t (1)-(3) t (2)-(3) t 

[0,12] 1054 0.1504*** 10.43  153 0.3375*** 5.06 
 

32 0.2123** 2.18 
 

-0.1871 -2.73*** -0.0619 -0.62 0.1252 1.05 
[0,24] 960 0.3043*** 12.60  132 0.7016*** 3.93 

 
29 0.3408** 2.28 

 
-0.3973 -2.20** -0.0365 -0.24 0.3608 1.54 

[0,36] 838 0.5722*** 6.42   103 0.6720*** 3.67   19 0.6680* 1.65   -0.0998 0.49 -0.0958 -0.23 0.004 0.01 
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2.6 Conclusion 

In this study, I investigate the impact of acquisition and divestiture of proven 

technology and frontier technology resources announcements on the value of the firm. 

The arrival of technology has changed the shape of oil and gas industry and frontier 

technology resources (shale gas, in particular) had a profound impact on the nature of 

the oil and gas industry. Using a sample of 1,282 acquisition and 1,503 divestiture 

announcements from 1989 to 2011, I find that the market reacts positively to these 

announcements. This reaction is statistically significant for the acquisition of proven 

technology resources (0.93%) and statistically insignificant for the acquisition of 

frontier technology resources (0.57%). Further, there is evidence of a positive wealth 

effect for matched proven technology resource acquirer and seller. On average, the total 

wealth effect of acquisition and divestiture of conventional resources is 1.3%. 

Interestingly, these results provide evidence of greater wealth effect for small firms in 

the deal.  

In addition, while market reaction to divestiture announcements of both proven and 

frontier technology resources is positive and significant, market reaction to divestiture 

announcements of frontier resources is significantly greater (0.74%) than market 

reaction to divestiture announcement of proven technology resources. This is consistent 

with both the option based explanation and the focusing hypothesis explanation. To 

further explore the market reaction, I run sub-period analysis for different subsectors of 

frontier technology resources. There is sign variation in the coefficients of each 

subsector of frontier technology resources across the different periods.   

Further, portfolio analysis shows that there is no significant difference in the market 

reaction to firms which invest purely in either proven or frontier technology resources. 

While this is inconsistent with the mispricing argument documented by Hirshleifer et al. 
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(2013), it shows that investors react to technology related and non-technology related 

acquisition announcements rapidly and in an unbiased manner. In this study, I focus on 

the assets in the broad oil and gas industry including upstream, midstream, downstream 

and oilfield services. The following chapters provide a more detail analysis of the 

upstream sector. Perhaps, the most important feature of the upstream sector is the 

existence of information asymmetry across the two broad asset classes, acreage and 

reserves. I will focus on this issue in the next two chapters.   
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Chapter 3 Bid-ask spread, information asymmetry 
and acquisition of oil and gas assets 

 

3.1 Introduction  

This study reports the results from a test for the existence of information asymmetry in 

the US share market. While information asymmetry is commonly assumed to exist, 

there is a limited evidence of its existence around asset acquisition announcement 

periods. In this study I use the share price bid-ask spread to test for increases in 

information asymmetry that might occur when an oil and gas firm announces the 

acquisition of acreage or reserves. This chapter tests that information asymmetry has an 

economic effect on share prices on announcement of upstream asset acquisition.  

The oil and gas industry is an important part of the world economy, and exploration and 

development activities in this industry see considerable variation with changes in 

economic conditions. When oil and gas producers choose to expand their exploration 

and development opportunities they can either develop leases that they hold for 

exploration and development or purchase acreage or reserves in open market 

transactions. Open market transactions are the focus of this study. The acquisition of 

acreage (believed to contain reserves) and acquisition of reserves by open market should 

be associated with differing levels of information asymmetry. Acquisition of acreage is 

a part of the firm exploration process (Fagan 1997) and is naturally more complex and 

less certain than acquisition of reserves (Coleman 2005).  

It is likely that there are traders in the market who are better informed about the true 

value of the acquired acreage or reserve than market makers. Market makers will 

increase the spread to reflect increased information asymmetry around these 

announcements, with a greater increase in spread expected for acreage acquisitions 
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because of the greater uncertainty associated with these assets and the greater possibility 

of informed traders able to benefit from these specialised knowledge.      

The bid-ask spread has been used to estimate the level of information asymmetry 

existing between uninformed and informed traders in a range of studies (Copeland & 

Galai 1983; Glosten & Milgrom 1985; Easley & O'hara 1987; Glosten & Harris 1988). 

Further, recent examples of firm specific studies include analysis of information 

asymmetry around earning announcements (Brooks 1994) and around merger 

announcements (Conrad & Niden 1992; Chakravarty & McConnell 1997). In particular, 

previous studies have shown that the bid-ask spread of oil and gas companies decrease 

substantially following reserve value disclosures made by oil and gas firms (Raman & 

Tripathy 1993; Boone 1998). 

This study finds that the bid-ask spread for oil and gas firms is significantly less on 

announcements of the acquisition of reserves than it is on announcement of acquisition 

of acreage. The intuition is as follows. During periods of high information asymmetry, a 

dealer who is a specialist in a firm’s shares may be relatively uninformed about the 

value of the acreage than they might be with respect to reserves (Venkatesh & Chiang 

1986). Perhaps, the dealer widens the bid-ask spread more around announcements of 

acquisitions of acreage than those for reserves, to compensate for the cost of trading 

with informed traders. The greater the increase in the bid-ask spread around the 

announcement of acquisition of acreage relative to reserves, the greater the information 

asymmetry associated with the acquisition of acreage relative to reserves.  

This chapter is organised as follows. The data and methodology of the study is 

discussed in section 3.2, followed by results in section 3.3. Finally, conclusions are 

reported in the last section.   
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3.2 Data and methodology 

3.2.1 Data sources and sample selection 

Oil and gas acreage and reserve acquisition data is obtained from Herold merger and 

acquisition database. The Thompson Reuters Tick History database (TRTH) is used to 

obtain end-of-day bid and ask prices for U.S. listed oil and gas firms around the 

acquisition announcement dates. An initial sample of 33,542 deals is obtained from 

Herold from 1 January 1992 to 31 August 2011. This sample includes all energy related 

corporate acquisitions and assets acquisitions worldwide. These deals are restricted to 

include either acreage or reserve open market acquisitions and matched with the CRSP 

database. Mixed acreage and reserve deals are excluded from the sample. Further, deals 

with the announcement of confounding effects such as stock split or dividend 

announcements over the event window are also excluded from the sample. Firm level 

data is then collected for each of the deals.  Deals are excluded if firm share prices are 

not available for the entire 279 trading day estimation period and event period that 

surrounds the acquisition announcement date.  This period is composed of a 21-day 

event period and a 258-day estimation period.  These filters result in 1391 acreage and 

reserve deals remaining for analysis. A total of 498,723 observations are downloaded 

from the TRTH database and the firms in this data set are then matched with the 1391 

deals available for analysis, yielding a final sample of 209,681 bid-ask spread 

observations for 803 separate deals.  

Quoted spread is used as a proxy for bid-ask spread, following standard practice in the 

literature (Venkatesh & Chiang 1986). The percentage quoted spread is calculated as 

follows:  
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𝑊𝑊𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑄𝑄 𝑆𝑆𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄 =
𝐴𝐴𝑠𝑠𝐴𝐴𝑖𝑖 − 𝑆𝑆𝑖𝑖𝑄𝑄𝑖𝑖

𝑆𝑆𝑖𝑖𝑄𝑄𝑆𝑆𝑄𝑄𝑖𝑖𝑛𝑛𝑡𝑡 𝑞𝑞𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑖𝑖
× 100                                                                    (3.1) 

Where:  

𝑆𝑆𝑖𝑖𝑄𝑄𝑆𝑆𝑄𝑄𝑖𝑖𝑛𝑛𝑡𝑡 𝑞𝑞𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑖𝑖 =
𝐴𝐴𝑠𝑠𝐴𝐴𝑖𝑖 +𝑆𝑆𝑖𝑖𝑄𝑄𝑖𝑖

2
                                                                                       (3. 2) 

The volume measure used in this study is the average volume over the three trading 

days prior to time t and it is expressed in terms of millions of trades per day (Venkatesh 

& Chiang 1986). I used this moving average volume as a proxy for volume figure.   

𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖 =
𝑉𝑉𝑖𝑖−1 + 𝑉𝑉𝑖𝑖−2 + 𝑉𝑉𝑖𝑖−3

3
                                                                                           (3.3) 

The range, the high price less the low price, for a trading day is also calculated for use 

in analysis reported below. The range is scaled by the average of the high and low price.   

Ranget = (𝐻𝐻𝑖𝑖𝐻𝐻ℎ 𝑆𝑆𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖-𝐻𝐻𝑄𝑄𝐿𝐿 𝑆𝑆𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖) �
𝐻𝐻𝑖𝑖𝐻𝐻ℎ 𝑆𝑆𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖+𝐻𝐻𝑄𝑄𝐿𝐿 𝑆𝑆𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖

2
�  �                         (3.4) 

Descriptive statistics are reported in Table 3-1. The average quoted spread during the 

event and estimation period is 1.78%. The median quoted spread is 0.68%. The mean 

closing price for the sample is $36.24 with a minimum of $0.04 and a maximum of 

$159.94. I controlled for share price as a proxy for size. The average daily trading 

volume is 1.355 million trades per day, with a median of 0.431 million trades.  The 

range of prices over the day is used as a measure of trading volatility. The mean range is 

3.22% with a minimum of 0.00 and a maximum of 81.5%.   
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Table 3-1 Descriptive statistics 

Price refers to the lagged closing price and expressed in dollars.  Volume refers to the trading volume 
which is estimated using equation 3.3 and expressed in millions of trades. Range is the difference 
between the high and the low price which is estimated using equation 3.4 and expressed as a decimal. 
 

variable N Mean Median Min Max Std Dev 

Quoted spread 209,681 1.78% 0.68% 0.01% 25.00% 3.04% 

Price 209,679 $36.24 $31.50 $0.04 $159.94    $25.76 

Volume 209,567 1.3553 0.4312 0.0001 198.6894 3.7386 

Range 209,560 0.0322 0.0252 0.0000 0.8148 0.0273 

3.2.2 Method 

Two approaches are used for testing the impact of acreage and reserve acquisition 

announcement on bid-ask spread.  The first is an event study based approach and the 

second is a multiple regression. In the event study approach, the mean adjusted model 

abnormal bid-ask spread is calculated and used to test for change in the level of 

information asymmetry around oil and gas firm acreage and reserve acquisition 

announcements following Affleck-Graves et al. (2000). The mean adjusted spread is 

calculated by deducting the mean spread, calculated over the estimation period, from 

spreads that occur in the event period of interest.  The mean spread is equal to the 

average of the quoted spread values observed over the 258 day estimation period, 

immediately prior to the event period (-269,-11).   

�𝑆𝑆𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄����������� =
1

258
� 𝑊𝑊𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑄𝑄 𝑠𝑠𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄𝑖𝑖

−11

𝑖𝑖=−269

                                                                     (3.5) 

The abnormal spread at time t (𝐴𝐴𝑆𝑆𝑖𝑖) is set equal to quoted spread less the expected 

(mean) spread.  
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𝐴𝐴𝑆𝑆𝑖𝑖 = 𝑊𝑊𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑄𝑄 𝑠𝑠𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄𝑖𝑖 − �𝑆𝑆𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄�����������                                                                               (3.6) 

The cumulative abnormal spread is calculated for the event window spanning the period 

from event day t1 to event t2 as follows:   

𝐶𝐶𝐴𝐴𝑆𝑆𝑖𝑖1,𝑖𝑖2 = � 𝐴𝐴𝑆𝑆𝑖𝑖

𝑖𝑖2

𝑖𝑖=𝑖𝑖1

                                                                                                               (3.7) 

Multiple regression is used in the second approach, following the methodology 

proposed by Affleck-Graves et al. (2000) and employed by Beneish et al. (2008). The 

following model is estimated: 

Quoted Spread𝑖𝑖=α+β1𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1,𝑖𝑖2+β2RESERVE+ β3𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1,𝑖𝑖2*RESERVE          

                                 +β4𝑃𝑃𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖1−1+β5𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖1−1+β6𝐴𝐴𝑆𝑆𝑛𝑛𝐻𝐻𝑄𝑄𝑖𝑖1−1         (3.8) 

The dependent variable (𝑊𝑊𝑢𝑢𝑄𝑄𝑡𝑡𝑄𝑄𝑄𝑄 𝑆𝑆𝑆𝑆𝑆𝑆𝑄𝑄𝑆𝑆𝑄𝑄𝑖𝑖)  is the spread quoted at the end of trading at 

day t using the available estimation period and event period data. The indicator variable 

used to capture the impact of acquisition announcement �𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1,𝑖𝑖2� is equal to one 

on the event days in the period of interest (𝑄𝑄𝑆𝑆𝑑𝑑 𝑡𝑡1 𝑡𝑡𝑄𝑄 𝑄𝑄𝑆𝑆𝑑𝑑 𝑡𝑡2) and equal to zero for other 

days in the event and estimation period. RESERVE is an indicator variable which is 

equal to one where the deal refers to acquisition of reserves, and zero otherwise. 

EVENT*RESERVE is the interaction term between these two variables, included in the 

model to capture the difference in abnormal spread between the announcement of 

acquisition of reserves and the announcement of acquisition of acreage. The control 

variables, price and volume are included to control for the impact of inventory and order 

cost effects respectively (Affleck-Graves et al. 2000; Beneish et al. 2008). Range for the 

trading day immediately prior to the event window is also included to allow for the 

possibility that equity price variation may explain variation in the bid-ask spread 

(Venkatesh & Chiang 1986).   
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3.3 Results 

3.3.1 Univariate analysis  

Table 3-2 provides a summary of estimated cumulative abnormal spreads for the event 

windows (-2, -1), (0, +1) and (+1, +2). These results show that the difference between 

acreage cumulative abnormal spread and reserve cumulative abnormal spread is 

statistically significant at the 10% level for the two-day period just prior to the 

announcement. There is no statistically significant difference in the cumulative 

abnormal spreads for these two types of acquisitions in the trading days following the 

announcement. It should be noted that the spread just prior to reserve acquisition 

announcement is significantly less than expected, while the spread just prior to acreage 

acquisition announcement shows little change in the event period. These results are 

consistent with uninformed market makers choosing a different spread, on average, for 

acreage acquisition relative to reserve acquisition just prior to the announcement. It is at 

this time that informed traders can profit most from information asymmetry between the 

uninformed dealers and traders, who have information about the acquisition to be 

announced. The results are consistent with dealers incorporating their assessment of the 

existence of informed traders in the spreads they quote to the market just prior to the 

acquisition announcement. 
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Table 3-2 Cumulative abnormal spread around acreage and reserve acquisition announcement 

This table reports abnormal spread for three event windows surrounding the announcement of acquisition of acreage or reserve by US oil and gas firms (event day 0). 
The mean spread calculated over the estimation window (event day -269 to event day -11) is used as a proxy for the expected spread when calculating the abnormal 
spread for the three event windows used in analysis.  The first event window includes event days -2 and -1, the second includes event days 0 and +1 and the third 
includes event days +1 and +2.  For Mean-AS, t-statistics are calculated using cross-sectional method. The t-statistics for differences in means are calculated using 
cross sectional variances of CASs and assuming unequal variances. The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

  N Mean-AS t-test   N Mean-AS t-test   Diff in Mean t-test 

  Acquisition of Acreage   Acquisition of Reserves     

CAS(-2,-1) 284 0.0004 0.29  456 -0.0039 -2.23**  0.0043 1.83* 

CAS(0,+1) 288 0.0008 0.48  457 -0.0018 -0.99  0.0026 1.06 

CAS(+1,+2) 289 0.0005 0.33  456 -0.0032 -1.78*  0.0037 1.52 
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3.3.2 Multivariate analysis 

The second approach to analyse oil and gas firm asset acquisition announcements 

involves estimating equation (3.8) to the data (See Table 3-3). Following Petersen 

(2009), I use pooled regression with robust standard errors, clustered by firm. Price, 

volume and range are included to control for the effect of inventory, order price effects 

and price variability respectively (Venkatesh & Chiang 1986). The coefficients for price 

and volume are negative and significant. The negative relation between bid-ask spread 

and trading volume is noted previously in the literature (Chae 2005). The range 

coefficient is positive and statistically significant in each of the estimated models with 

higher volatility associated with greater spread.   

The variable of interest in this regression is the interaction term between the indicator 

variable for acquisition of reserves (𝐴𝐴𝐸𝐸𝑆𝑆𝐸𝐸𝐴𝐴𝑉𝑉𝐸𝐸) and the indicator variable for the event 

period from event day t1 to event day t2 �𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1,𝑖𝑖2�. The interaction term coefficient 

sign, magnitude and significance vary with event window choice. For example, the 

coefficient is negative and significant two days prior to the acquisition announcements 

(-2,-1), implying that bid-ask spread is significantly less prior to announcement of 

acquisition of reserves than prior to announcement of acquisition of acreage. A 

plausible explanation for this is that market makers set the spreads to allow for the 

greater probability that they will face informed traders during acreage acquisition 

announcements compared with reserve acquisition announcements (Krinsky & Jason 

1996). In effect, the spread is significantly different for acreage announcement than for 

reserve announcement to avoid potential losses that could arise from dealing with 

informed traders.  

The interaction term coefficient is negative and significant at the 5% level for the first 

two event windows following the announcements (0,+2) and (+1,+2). While this result 
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is unexpected, many of the oil and gas firms in the sample are small so it may take time 

for the market to react to new information entering the market, particularly with acreage 

and reserve acquisitions. It is possible that the larger spread for acreage relative to 

acquisition of reserves following the announcement date may arise because of the 

ability of informed traders to correctly interpret firm performance following asset 

acquisition announcements (Krinsky & Jason 1996). Market makers may maintain the 

spread larger to decrease losses arising from trading with informed traders for some 

time following the announcement. It is important to note that the spread decreases over 

the next three to five days (+3,+5) following the announcement date.  
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Table 3-3 Analysis of bid-ask spread. 

The dependent variable is the percentage bid-ask spread calculated for all estimation and event window trading days for all acreage or reserve deals in the final sample. 
Quoted spread is the ratio of quoted bid-ask spread to the average of the bid and the ask price. RESERVE is an indicator variable with a value of one for announcement 
of acquisition of reserve and zero otherwise. EVENT is an indicator variable for the event period of interest (𝑡𝑡1, 𝑡𝑡2). The event periods include pre-announcement day 
windows (-5 to -1, -5 to -3, -2 to -1), post announcement day windows (+1 to +2) and (+3 to +5) and windows that include the announcement day (0 to +2 and 0 to +5). 
Price refers to the lagged closing price and expressed in dollars.  Volume refers to the trading volume which is estimated using equation 3.3 and expressed in millions 
of trades. Range is the difference between the high and the low price which is estimated using equation 3.4 and expressed as a decimal. Robust standard errors with 
adjustment for clustering at the firm level are reported in parentheses below the estimated coefficients. The ***, ** and * refer to significance at the 1%, 5% and 10% 
levels, respectively. 

Quoted Spread𝑖𝑖= α+β1𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1 ,𝑖𝑖2+β
2
RESERVE+ β3𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1 ,𝑖𝑖2*RESERVE+β4𝑃𝑃𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖1−1 + β5𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖1−1+β6𝐴𝐴𝑆𝑆𝑛𝑛𝐻𝐻𝑄𝑄𝑖𝑖1−1    

 
 (-5,-1)  (-5,-3)  (-2,-1)  (0,+2)  (0,+5)  (+1,+2)  (+3,+5) 

α 2.3785*** 2.3794*** 2.3782*** 2.3756*** 2.3777*** 2.3771*** 2.3786*** 
 (0.4095) (0.4097) (0.4095) (0.4095) (0.4095) (0.4093) (0.4095) 
EVENT(t1,t2)  0.0271 -0.0414 0.1288 0.1659 0.1145 0.0799 0.0438 
 (0.0873) (0.0846) (0.1017) (0.1170) (0.0983) (0.0908) (0.1039) 
RESERVE 0.1596 0.1577 0.1586 0.1591 0.1594 0.1606 0.1579 

 
(0.2115) (0.2116) (0.2113) (0.2113) (0.2114) (0.2112) (0.2112) 

EVENT*RESERVE -0.1635 -0.0891 -0.2710** -0.3353** -0.2481** -0.1823* -0.1130 

 
(0.1050) (0.1127) (0.1183) (0.1364) (0.1185) (0.0981) (0.1127) 

𝑃𝑃𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖1−1 -0.0290*** -0.0290*** -0.0290*** -0.0290*** -0.0290*** -0.0290*** -0.0290*** 
 (0.0064) (0.0064) (0.0064) (0.0064) (0.0064) (0.0064) (0.0064) 
𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖1−1 -0.0526** -0.0526** -0.0526** -0.0526** -0.0526** -0.0526** -0.0526** 
 (0.0233) (0.0233) (0.0233) (0.0233) (0.0233) (0.0233) (0.0233) 
𝐴𝐴𝑆𝑆𝑛𝑛𝐻𝐻𝑄𝑄𝑖𝑖1−1 13.1858*** 13.1858*** 13.1835*** 13.1891*** 13.1890*** 13.1904*** 13.1854*** 
 (3.8838) (3.8836) (3.8837) (3.8841) (3.8841) (3.8841) (3.8835) 
Observations 209556 209556 209556 209556 209556 209556 209556 
R-squared 0.1027 0.1027 0.1027 0.1027 0.1027 0.1027 0.1027 
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3.3.3 Further discussion and robustness test  

Some event studies use separate indicator variables for trading days around the 

announcement (Acker et al. 2002; Graham et al. 2006). Further, prior analysis has 

focused on price and volume in analysis of the impact of announcements dates on the 

spread (Beneish et al. 2008), though there are some studies that include the range to 

capture the impact of volatility on the spread (Venkatesh & Chiang 1986). To address 

these issues, Table 3-4 reports two estimated regression models. In both regressions, the 

interaction term for the last three trading days prior to the announcement is negative and 

significant, which is consistent with previous results. Further, the interaction term is 

significant at 5% for the next 3 days following the announcements (including the 

announcement) when range is used as a control variable (Column 1) though it is 

significant at 10% when range is dropped from the regression (Column 2). Overall, the 

bid-ask spread around announcements of acquisitions of reserves is significantly less 

than the bid-ask spread observed around announcements of acquisitions of acreage.  

It might be argued that the level of information asymmetry will be greater for 

acquisitions made by U.S firms outside North America. Thus, we repeat the analysis set 

out in Table 3-4, including region level dummy variables. The coefficients on the 

dummy variables provide an estimate of the difference in spread for a particular region 

relative to North America. None of the estimated coefficients for the region dummy 

variables is statistically significant except for the coefficient for Central/South America 

and Caribbean. The coefficient for Central/South America and Caribbean is positive, 

suggesting greater information asymmetry for this region relative to North America. 

Overall, it appears that geographical location of the acquired acreage or reserves has 
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little impact on the spread around the announcement of acquisition of acreage or 

reserves.25 

Table 3-4 Analysis of bid-ask spread. 

The dependent variable is the percentage spread calculated for all estimation and event window trading 
days for all acreage or reserve deals in the final sample. Quoted spread is the ratio of quoted bid-ask 
spread to the average of the bid and the ask price. RESERVE is an indicator variable with a value of one 
for announcement of acquisition of reserve and zero otherwise. EVENT is an indicator variable for the 
event period of interest(𝑡𝑡1, 𝑡𝑡2). These include event periods (-3 to -1, 0 to +2, +3 to +5). Price refers to the 
lagged closing price and expressed in dollars.  Volume refers to the trading volume which is estimated 
using equation 3.3 and expressed in millions of trades. Range is the difference between the high and the 
low price which is estimated using equation 3.4 and expressed as a decimal. Robust standard errors with 
adjustment for clustering at the firm level are reported in parentheses below the estimated coefficients. 
The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

Quoted Spread𝑖𝑖=α+β1𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1,𝑖𝑖2+β
2
RESERVE+ β3𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖1 ,𝑖𝑖2*RESERVE+β4𝑃𝑃𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖1−1 

+β5𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖1−1+β6𝐴𝐴𝑆𝑆𝑛𝑛𝐻𝐻𝑄𝑄𝑖𝑖1−1     

 
1 2 

Α 2.3756*** 2.9616*** 

 
(0.4038) (0.4091) 

RESERVE 0.1634 0.1464 

 
(0.2112) (0.2130) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸−3−1 0.1279 0.1331 

 
(0.1057) (0.1042) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸0 ,+2 0.1163 0.1324 

 
(0.0998) (0.1014) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸+3,+5 0.0463 0.0328 

 
(0.1053) (0.1054) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸−3,−1*RESERVE -0.2636** -0.2577** 

 
(0.1200) (0.1189) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸0 ,+2*RESERVE -0.2522** -0.2042* 

 
(0.1197) (0.1141) 

𝐸𝐸𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸+3,+5*RESERVE -0.1185 -0.0756 

 
(0.1139) (0.1162) 

𝑃𝑃𝑆𝑆𝑖𝑖𝑝𝑝𝑄𝑄𝑖𝑖1−1 -0.0290*** -0.0335*** 

 
(0.0063) (0.0067) 

𝑉𝑉𝑄𝑄𝑉𝑉𝑢𝑢𝑚𝑚𝑄𝑄𝑖𝑖1−1 -0.0525** -0.0442** 

 
(0.0233) (0.0207) 

𝐴𝐴𝑆𝑆𝑛𝑛𝐻𝐻𝑄𝑄𝑖𝑖1−1 13.1917*** 
 

 
(3.8843) 

 Observations 209556 209556 
R-squared 0.1027 0.0902 

 

25 The results are available upon request.  
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3.4 Conclusion 

This study examines the bid-ask spread around the announcement of acquisition of 

acreage and reserves by oil and gas firms. There is a greater level of information 

asymmetry associated with the acquisition of acreage relative to the acquisition of 

reserves consistent with the greater complexity of the valuation task in valuing acreage 

relative to valuing reserves.  Given the uncertain nature of acreage relative to reserves 

and the existence of informed traders who have better knowledge about the value of 

acreage than the dealers in the market, market makers maintain larger bid-ask spreads 

for acreage acquisition announcements than that for reserve acquisition announcements. 

Thus, it is expected that the spread will be different on announcements of acquisitions 

of acreage than on announcements of acquisitions of reserves.  

The spread around announcement of acquisition of reserves is significantly different 

from the spread around the announcement of acquisition of acreage. This can be 

explained in terms of the probability of the market maker being uninformed about the 

acquisitions.  Where this occurs informed traders can profit at the expense of the market 

maker.  It is argued here that this is most severe with the announcement of the 

acquisition of acreage than with the acquisition of reserves and so the results of this 

study support the existence of information asymmetry as an explanation for why the 

spread around the announcements of acquisitions of reserves is significantly less than 

the spread around the announcements of acquisition of acreage.  

As reflected in spread around announcements of acquisition of acreage and reserves, 

this chapter shows that information asymmetry has a statistically significant and 

economically large effect on share prices with announcements of acquisition of acreage 

and reserves. Given the different level of information asymmetry that exists around 

announcements of acquisitions of acreage relative to announcements of acquisition of 
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reserves, a study of market reaction to these announcements provides insight into the 

characteristics of these announcements. In the next chapter, I investigate the incremental 

value generated or destroyed following this acquisition announcements in financial 

markets. 
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Chapter 4 Capital investments of oil and gas 
producers 

4.1  Introduction 

“The waste associated with excessive exploration and development 

expenditures explains why buying oil on Wall Street was considerably 

cheaper than obtaining it by drilling holes in the ground, even after 

adjustment for differential taxes and regulations on prices of old oil. 

Wall Street was not undervaluing the oil; it was valuing it correctly, but 

it was also correctly valuing the wasted expenditures on exploration and 

development that oil companies were making.” 

(Jensen 1988, P 33) 

 
This study investigates share market reaction to announcements of acreage and reserve 

acquisitions by oil and gas firms. Positive market responses are observed from these 

investment announcements, which is consistent with the capital expenditure literature 

(McConnell & Muscarella 1985; Chen & Ho 1997). This study also utilises reserve and 

production disclosures in explaining variations in share market reaction to capital 

acquisition announcements. With respect to track record, unexpected acquisitions of 

reserves by firms with low rates of past successful exploration leads to a negative 

market reaction, while I observe a positive market response to acquisitions of acreage 

by firms that have a history of successful explorations in the past. This is consistent 

with the notion that the past performance of acquirer firms explains the variation in 

share market reaction to acquiring firm announcements (Morck et al. 1990). Consistent 

with the overinvestment hypothesis (Jensen 1988), an unexpected acquisition of acreage 

by firms with high levels of reserve-to-production ratios generates a negative return for 

oil and gas firms. Further, market reaction to the acquisition of acreage is greater 
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(lower) when the volatility of oil prices is higher (lower). This is consistent with real 

options theory.  

Signalling theory has generally been used to explain market reactions to capital 

expenditure announcements (McConnell & Muscarella 1985; Kerstein & Kim 1995). In 

a market with information asymmetry (Myers & Majluf 1984), managers use a costly 

signal to convey information to the market about the value of the acquiring firm 

(Spence 1973; Grullon & Michaely 2004). In effect, information asymmetry about the 

value of the acquiring firm is reduced with the acquisition announcement.  

Previous studies have shown that announcements of an unexpected increase in capital 

expenditure conveys information to financial markets (McConnell & Muscarella 1985). 

The literature generally interprets this information from an earnings perspective. The 

first strand of this literature argues that announcements of an increase in capital 

expenditure conveys information beyond the firm’s current earnings and signals 

information about the firm’s future earnings (Beaver et al. 1980; McConnell & 

Muscarella 1985; Kerstein & Kim 1995). According to this view, the market reacts 

positively to announcements of an increase in capital expenditure. The second strand of 

the literature argues that announcements of increases in capital expenditure only 

conveys information about the firm’s current earnings (Jensen 1988; Stein 1988). 

Accordingly, managers believe that investors rely exclusively on current earnings to 

make investment decisions and therefore tend not to make long term decisions (such as 

research and development) which may decrease the firm’s current earnings. Empirical 

research on capital expenditure mainly rejects this hypothesis. For example, evidence of 

a positive share market reaction to research and development announcements (Chan et 

al. 1990) and long term strategic investment announcements (Woolridge & Snow 1990) 

have been reported. This alternative explanation is generally rejected in the literature. 
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In the oil and gas industry, capital expenditure generally involves either the acquisition 

of new assets or further exploration and development of existing assets. This study 

considers the impact of open market acquisition of acreage and reserves on the value of 

oil and gas firms. The development of reserves as a result of exploration activity is not 

investigated in this study. While previous studies investigate the exploration and 

development expenditures of oil and gas firms (McConnell & Muscarella 1985; 

Cortazar et al. 2001; Boyce & Nøstbakken 2011), little attention has been paid to open 

market acquisitions of acreage and reserves by oil and gas firms.26 Yet, open market 

purchases are an economically important part of oil and gas firm capital expenditures. 

For example, according to the Ernst and Young global oil and gas transaction review in 

2012 and data from IHS Herold, open market asset acquisition accounts for 85% of the 

total deals in the global oil and gas industry, with the remaining 15% accounted for by 

corporate acquisition.27  

The sample used in this study consists of a large body of U.S. firms in the oil and gas 

industry. It covers 1,391 transactions dealing with the acquisition of acreage and 

reserves for 192 firms in the period from 1992 to 2011. The following section gives a 

brief overview of the literature and hypotheses. The data and methodology of the study 

are discussed in Section 4.3, followed by the results in Section 4.4. Finally, conclusions 

are reported in Section 4.5.  

4.2 Literature review and hypothesis development  

4.2.1 Information effect and capital expenditure 

The information hypothesis predicts that investment announcements convey 

information about firm prospects (Beaver et al. 1980; Fama & Jensen 1985; McConnell 

26 Open market acquisition of reserves has been investigated previously as a motive for takeover activity 
in the oil and gas industry (Ferguson & Popkin 1982; Ng & Donker 2013).  
27http://www.ey.com/Publication/vwLUAssets/Global_oil_and_gas_transactions_review_2012/$FILE/Gl
obal_O&G_transactions_2012.pdf 
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& Muscarella 1985). The announcement tends to signal strong prospects for the firm in 

terms of future earnings, as investment announcements reflect manager reaction to 

internal information about future demand and expenses (Beaver et al. 1980; McConnell 

& Muscarella 1985; Trueman 1986; Kerstein & Kim 1995). That is, managers provide a 

signal about future positive net present value projects by increasing their capital 

expenditure. Applying this notion to oil and gas firm investments, managers transmit a 

positive signal to the share market by investing in acreage and reserves. This give rises 

to the following hypothesis:  

H1: There is a positive share market reaction to announcements of acquisitions of 

acreage and reserves.   

Previous studies find a significant positive stock market reaction to capital expenditure 

announcements (McConnell & Muscarella 1985; Chung et al. 1998; Brailsford & Yeoh 

2004). In one particular study, McConnell and Muscarella (1985) examine the 

announced changes in the capital budget, rather than the announcement of individual 

capital acquisitions. Their results show a negative market reaction to exploration and 

development announcements for oil and gas firms, although a positive market reaction 

is observed for all other industry sectors, excluding utilities. Perhaps, Jensen (1988) 

provides one explanation for this deviation.  He argues that in the 1970s, oil companies 

tended to purchase reserves from other oil companies rather than acquire reserves 

through exploration. The high cost of exploration and development, coupled with the 

decrease in expectation of future growth in oil prices, made exploration and 

development projects uneconomical during this period (Jensen 1988). Considering the 

high cost of exploration and development in the 1970s, purchasing reserves from other 

companies was a cheaper alternative to oil exploration. Indeed, McConnell and 

Muscarella (1985) also propose that the high cost of exploration and development may 

explain the negative share market response to announcements of further oil exploration.  
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The reaction of the share market to capital investment may vary with the nature of the 

investment. Researchers have sought to distinguish between different classes of 

investment announcement (Woolridge & Snow 1990; Chan et al. 1995; Chung et al. 

1998; Burton et al. 1999; Jones  et al. 2004). A positive market reaction to cost savings 

and expansion announcements, and a negative market reaction to announcements of 

reductions in capacity, is noted by Chan et al. (1995). A positive and significant stock 

market reaction to increases in the research and development (R&D) expenditure 

announcements of high technology firms and a negative stock market reaction to 

increases in R&D announcements for low technology firms is also documented by 

Chung et al. (1998). It appears that value creation following investment announcements 

is dependent on the type of investment that is announced.  

In the oil and gas industry, firms tend to replace their depleted reserves either through 

exploration or through acquisition of reserves by open market purchases (Jensen 1988; 

Coleman 2005). The two main methods that oil and gas firms use in open market 

purchases are the acquisition of acreage and the acquisition of reserves. Gallun and 

Nichols (2001) argue that the cost of acquiring reserves in the open market is normally 

greater than the cost of acquiring reserves through discoveries or extensions where the 

marginal cost of finding additional reserves is low. Further, using the IHS Herold data 

from 1988 to 2011, I find that the average price paid for acreage was $17.90 million, 

while the average price paid for reserves was $102.53 million. This difference is indeed 

statistically and economically significant. Thus, the acquisition of reserves provides a 

more costly signal than the acquisition of acreage, in terms of transaction size.  

While signalling arguments are used to explain positive market reactions to firm 

investment announcements (McConnell & Muscarella 1985; Kerstein & Kim 1995), 

there is also a cost associated with an investment-based signal (Bhattacharya 1979). In 

other words, there is the cost of incurring investment expenditures. The purchase of 
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acreage or reserves is a costly transaction and the choice between acreage and reserves 

may transmit different information (signals) to the market about the value of the 

acquiring firm. Given that the acquisition of reserves is a more costly signal than 

acquisition of acreage, I posit the second hypothesis: 

 H2: Market reaction to acquisition of reserves is significantly greater than the market 

reaction to acquisition of acreage.  

4.2.2 Track record and share market reaction 

While announcements of reserve acquisitions generate a stronger signal of the value of 

the acquiring firm than announcements of acreage acquisition, this announcement need 

not align with future earnings. As a result, I investigate the importance of track record in 

exploration in order to shed more light on market responses to acquisition 

announcements. The importance of performance track record have been cited previously 

in the takeover and mutual fund literature (Morck et al. 1990; Berk & Green 2004). The 

finding and development reserve replacement (FD) ratio28 is used to identify the 

reserves added through extensions of existing reserves and new discoveries, and is used 

as a proxy for track record.29 This ratio provides insight into firms’ success in replacing 

reserves.  

In practice, oil and gas firms with unsuccessful exploration programs switch their 

strategy to acquiring reserves to replace their depleted reserves (Coleman 2005). 

Therefore, the acquisition of reserves for a firm with a low track record of successful 

exploration is perceived as good news, as this enables the firm to replace its depleted 

28 Oil and gas firms report two ratios, reserve replacement ratio (RRR) and finding and development 
reserve replacement ratio (FD). The RRR captures the proportion of the firm’s reserves replaced through 
new discoveries, extensions (exploration) and acquisition of reserves in place (Quirin et al. 2000). While 
the reserve replacement ratio shows the firm’s success in replacing oil and gas reserves, it does not 
distinguish between the reserves added through new discoveries and reserves added through purchases of 
reserves in place. Hence, the FD ratio is used to measure the reserves added only through the extension of 
existing reserves and new discoveries. 
29 While the FD ratio over the past one year, three year and five year periods are reported by oil and gas 
firms, this study relies on the FD ratio reported over the past one year. Three and five year FD ratios are 
not available for most of the firms in the sample.  
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reserves. Furthermore, it has been argued that the market values the decision to acquire 

reserves, rather than invest in wasteful and risky exploration, particularly during periods 

with high costs of exploration and development (Jensen 1988). 

Conversely, firms with high levels of FD ratios tend to be successful in terms of 

exploration. Therefore, acquisition of reserves by these successful firms may indicate 

overinvestment (Jensen 1986, 1988). That is, firms with high levels of excess cash 

flows are more likely to overinvest and so announcement of acquisition of reserves by 

firms with high levels of FD ratio may therefore be perceived by the share market as a 

bad news. 

The share market reaction to the acquisition of acreage, with respect to firms with high 

levels of FD ratios, is driven by two factors. First, where firms acquire acreage, this 

shows that the firms are financially well-placed and capable of investing in risky 

projects such as exploration. Further, firms with high levels of FD ratios are more 

successful in terms of finding new reserves. Therefore, the market is expected to react 

positively to the announcement of investments in acreage by firms with a higher level of 

FD ratio. This difference in market reaction is tested using an interaction term between 

an indicator variable for the acquisition of acreage and the FD ratio, which gives rise to 

the following hypothesis: 

H3: The relation between share market value and track record is greater for acquisition 

of acreage than for acquisition of reserves.   

4.2.3 Real options and volatility 

Assuming undeveloped oil and gas reserves are an option, Dixit and Pindyck (1995) 

argue that there must be a  positive relationship between the uncertainty of crude oil 

prices and the value of this option. In these circumstances, the value of developing an 

undeveloped reserve is an increasing function of the volatility of the underlying asset, 
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which represents volatility of crude oil prices. For example, in the 1980s, uncertainty 

about future oil prices increased and, as a result, oil firms were prepared to pay more for 

offshore leases and other acreage compared to periods when uncertainty was lower 

(Pindyck 1991) — suggesting a stronger signal of the value of the acquiring firm.  

One recent study also investigates the relation between the volatility of crude oil prices 

and the returns of oil and gas firms. Using the proportion of the oil and gas firms’ 

undeveloped reserves as a proxy for unexercised real options, Grullon et al. (2012) 

show that an increase in the volatility of crude oil prices has a large impact on the value 

of firms with a large proportion of unexercised real options. This current study assumes 

the acquisition of acreage is like buying an option. In the case of acreage, the firm 

purchases the undeveloped acreage (believed to contain reserves). Dixit and Pindyck 

(1995) states:  

“A company that buys deposits is buying an asset that it can develop 

immediately or later, depending on market conditions.” (Dixit & Pindyck 1995 P 

113).  

Thus, the cost of the acreage (the option premium) is an increasing function of the 

volatility of the underlying asset. This option value will be greater for acquisition of 

acreage than for acquisition of reserves.  In this study, the volatility of the underlying 

asset is captured by the volatility of crude oil price. An interaction term between 

volatility and investment in acreage is used to capture this effect. Consistent with real 

options effect, the real option value of the acreage is greater when oil price volatility is 

high. Therefore, the acquisition of acreage when the price is high provides a stronger 

signal of the firm’s value. While acquisition of reserves also has an option element (the 

option to develop), the real option value of acquiring acreage tends to be more valuable 
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as it reflects a compound option composed of the option to explore, that may lead to the 

option to develop. This gives rise to the following hypothesis: 

H4: The share market reaction to acquisition of acreage is greater relative to the 

acquisition of reserves when the volatility of crude oil prices is higher.   

4.2.4 Reserves to production ratio 

McConnell and Muscarella (1985) suggest that the market reaction to exploration and 

development announcements might be influenced by the level of the firm’s existing 

reserves. The reserve production ratio30 (RPR) measures the number of years the 

company’s current oil and gas reserves are expected to last given the current level of 

production. The higher the firm’s RPR, the longer the firm can provide cash flows to 

meet its financial obligations. Oil and gas firms are expected to acquire acreage and 

reserves when the RPR is low. Thus, it is expected that a decrease in the potential 

production capacity of an oil and gas firm will lead to the acquisition of additional 

capacity through acreage and reserve acquisition. This gives rise to the following 

hypothesis: 

H5: The share market reaction to the acquisition of reserves and acreage is positive 

when the reserve production ratio of a firm is low. 

4.3 Data and methodology 

4.3.1 Data sources and sample selection 

In previous studies, capital expenditure announcements are extracted mainly from news 

wire services. The Wall Street Journal Index (McConnell & Muscarella 1985; Borna & 

Ryan 2000), the Dow Jones News Retrieval (Vogt 1997) and the Lexis Nexis News 

Wire (Chung et al. 1998; Kim 1998) have all been used to obtain information on U.S. 

30 The reserve (production) to production (reserve) ratio has been used previously to capture the changes 
in the reserve and production levels of firms (Ferdinand 1987; Brown 1989; Adelman 1990). 
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market capital expenditure announcements. Other studies have obtained asset level 

acquisition data from the Securities Data Corporation (SDC) database. For example, 

Bates (2005), Çolak and Whited (2007), and Warusawitharana (2008) use the SDC 

database in their studies of asset purchases and divestitures, while Akhigbe, Martin and 

Whyte (2007) use SDC data in their study of partial acquisitions of target firms.   

This study uses capital expenditure data obtained from the IHS Herold Inc. (hereafter 

Herold) merger and acquisition database. The Herold data, generally used in the energy 

finance literature (Merton & Upton 1985), provides a detailed breakdown of 

acquisitions in the energy sector and takes into account both asset and corporate 

acquisitions.31 This database relies on firm investment announcements, SEC filings and 

news releases in the media. Thus, it should be consistent with other capital expenditure 

studies which rely on news wire services.  

Financial data is extracted from the Centre for Research in Security Prices (CRSP) and 

Compustat. The Carhart (1997) variables used in estimation of expected return are 

obtained from the Kenneth French webpage.32 The volatility of crude oil prices is 

measured using the standard deviation of the daily percentage change in the price of 

West Texas Intermediate (WTI) closest-to-maturity futures contract over the 30 trading 

days prior to the announcement (Grullon et al. 2012). Crude oil closest-to-maturity 

futures prices are collected from the U.S. Energy Information Administration (EIA) 

webpage.33 Reserves data are collected for oil and gas firms using both the Herold 

Operational database and Bloomberg. Reserve production ratios and finding and 

development costs are obtained from Herold operational database. The Bloomberg 

31 Herold data has also been used extensively in finance studies over the past 30 years. Examples of this include using 
financial and operational data for the valuation of reserves and oil and gas firms (Merton & Upton 1985; Harris & 
Ohlson 1987; Boone 1998), analysing political risk using the Herold Merger and Acquisition database (Click & 
Weiner 2010), examining the relation between Herold estimates and stock prices (Magliolo 1986), investigating the 
role of historical cost relative to the value of oil and gas firms (Ghicas & Pastena 1989) and analysing investment 
behaviour of oil and gas firms (Mohn & Misund 2009, 2011). 
32 Kenneth French Webpage (http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html). 
33 U.S. Energy Information Administration (www.eia.gov). 
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database is also used to validate and extend the sample where possible (see Table A-2 in 

the Appendix for further details on the variables and their definition).  

Table 4-1 provides detail of the sample distribution. An initial sample of 32,684 

transactions was obtained from Herold merger and acquisition database for the period 

from 1992 to Aug 2011. This sample includes all energy related asset and corporate 

acquisitions worldwide. Several filters are applied to constrain the sample to exploration 

and development (Upstream) announcements for asset level announcements. To be 

included in this study, the firm must have financial information available in both CRSP 

and Compustat. There are 8236 deals remaining after excluding firms with no data in 

the merged CRSP and Compustat database. The sample is also constrained to include 

only exploration and development (upstream) announcements for oil & gas firms and 

this further reduces the sample to 3,533 deals. Consistent with capital expenditure 

studies (Chung et al. 1998; Kim 1998), I have also excluded deals that are not available 

from SDC platinum and the news wire services. There are 1,510 deals remaining after 

excluding firms with insufficient share price data during the event window and 

estimation period and firms with insufficient oil and gas operational data. Of these, 

1,391 transactions related to acquisition of acreage and reserves and 119 transactions 

related to acquisition of oilfield services.34 Consistent with previous capital expenditure 

studies (Brailsford & Yeoh 2004), takeover announcements are excluded from the 

sample (See Table A-3 in appendix for examples of acquisition of acreage and 

reserve).35  

34 Oilfield services acquisitions deal with drilling, geological research and completion. I excluded oilfield 
services from the analysis as this subsector is a very stable business in the oil and gas industry and it is 
highly competitive. I have examined market reaction to acquisition of oilfield services and the results 
observed were insignificant on average.  
35 It should be noted that the transaction price of the acquisitions is not reported for the full sample. The 
impact of disclosure of transaction price at the announcement is noted in the literature (Sicherman & 
Pettway 1992). 
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Table 4-1 Description of Sample (1992-2011). 

 Number of deals 
excluded 

Number of deals 
remaining 

HEROLD M&A  32,684 
   
Exclude deals where the acquirer financial information is not 
available in CRSP and Compustat database. 
 
Constrain deals to acquisition of acreage, reserve and oil field 
services-only asset acquisition (exploration and development 
expenditures). 
 
 
Exclude deals not available on the SDC platinum database or 
on Factiva. 
 
Exclude firms with insufficient share returns during the event 
and estimation period as well as deals with confounding 
announcements during the event window.  
 
Exclude firms with insufficient oil and gas operational data. 
 
Exclude observations for acquisition of oilfield services. 

24,448 
 
 

           4,703 
 
 

          1,409 
 
 
 

264 
 
 
 

350 
 

119 

8,236 
 
 

         3,533 
 
 

        2,124 
 
 
 

1,860 
 
 
 

1,510 
 

1,391 
 

Final Sample for analysis  1,391 
 

4.3.2 Methodology 

I use an event study (Ball & Brown 1968; Fama et al. 1969) to assess the impact of 

capital expenditure announcements on oil and gas producer share price. Given the 

nature of capital expenditure announcements, this study uses traditional event study 

approach. Both observed return and expected return are required to estimate the 

abnormal return for day t. The announcement day expected return models are estimated 

using a 258 day estimation period starting from day -269 to -11. Abnormal returns are 

measured over the event period (day -10 to day +10) by subtracting the estimated 

expected return from the observed return. While daily abnormal returns are estimated 

using numerous models, results using expected return from the Carhart four factor 

model are reported in the following discussion. The four factor model, incorporating the 

three Fama and French factors (Fama & French 1992) as well as the momentum factor 

Carhart (1997) is estimated as follows 36:  

36 The Fama and French factors have been used in oil and gas sector studies (Mohanty & Nandha 2011). 
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𝐴𝐴𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑖𝑖𝐴𝐴𝑀𝑀,𝑖𝑖 + 𝑠𝑠𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + ℎ𝑖𝑖𝐻𝐻𝑆𝑆𝐻𝐻𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑈𝑈𝑆𝑆𝑈𝑈𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                                             (4.1) 

Where, 𝐴𝐴𝑖𝑖𝑖𝑖 denotes the firm stock return at time t and 𝐴𝐴𝑚𝑚𝑖𝑖 represents the value weighted 

CRSP market index, 𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖refers to small minus big portfolios, 𝐻𝐻𝑆𝑆𝐻𝐻𝑖𝑖refers to high 

minus low portfolios and 𝑈𝑈𝑆𝑆𝑈𝑈𝒕𝒕 refers to momentum based portfolios. This implies that: 

𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖) = 𝛼𝛼�𝑖𝑖𝑖𝑖 + �̂�𝛽𝑖𝑖𝐴𝐴𝑀𝑀,𝑖𝑖 + �̂�𝑠𝑖𝑖𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 + ℎ�𝑖𝑖𝐻𝐻𝑆𝑆𝐻𝐻𝑖𝑖 + 𝑢𝑢�𝑖𝑖𝑈𝑈𝑆𝑆𝑈𝑈𝑖𝑖                              (4.2) 

Two other expected return sets are estimated using the market model and the zero one 

model. The market model takes the following form: 

𝐴𝐴𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝐴𝐴𝑚𝑚𝑖𝑖 + 𝛾𝛾𝑖𝑖𝑖𝑖              (4.3) 

Where, 𝐴𝐴𝑖𝑖𝑖𝑖 denotes the firm stock return at time t and 𝐴𝐴𝑚𝑚𝑖𝑖 represents the value weighted 

CRSP market index. This implies that: 

𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖) = 𝛼𝛼�𝑖𝑖𝑖𝑖 + �̂�𝛽𝑖𝑖𝐴𝐴𝑀𝑀,𝑖𝑖          (4.4) 

The zero one market model is also used in analysis and expected return is calculated by 

subtracting the value weighted CRSP market return from the firm’s observed return to 

obtain its abnormal return. This measure of expected return imposes the constraint that 

the firm’s beta is one. It  has been used previously in the literature as a robustness check 

(Moeller et al. 2004): 

𝐴𝐴𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝐴𝐴𝑚𝑚𝑖𝑖 + 𝜙𝜙𝑖𝑖𝑖𝑖         (4.5) 

This implies that: 

𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖) = 𝛼𝛼�𝑖𝑖𝑖𝑖 + �̂�𝛽𝚤𝚤�𝐴𝐴𝑀𝑀,𝑖𝑖         (4.6) 

Abnormal return is defined for each of the expected return models as follows: 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝑖𝑖𝑖𝑖 − 𝐸𝐸(𝐴𝐴𝑖𝑖𝑖𝑖)           (4.7) 

Small firms in the sample are subject to infrequent trading. The previous literature tends 

to use the Scholes and Williams (1977) adjusted beta as well as the Dimson (1979) 

adjusted beta to adjust for the problems associated with infrequent trading. In one study, 
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McInish and Wood (1986) compared the adjusted beta proposed by Scholes and 

Williams and by Dimson and others. The results of their study suggest that the adjusted 

beta reduces the bias in beta arising from infrequent trading by approximately 29%. Yet, 

Brown and Warner (1985) document that the adjusted betas proposed by Dimson and by 

Scholes and Williams do not add power to tests of the abnormal return. Nevetheless, 

this study includes the Scholes and Williams (1977) adjusted beta as a further 

robustness check and the result is consistent with other measures of beta. This beta 

estimate is defined as: 

βiSW = (βi1 + βi2 + βi3) ∕ (1 + 2ρ)          (4.8) 

Where βi1 is estimated by regressing stock returns on lagged market return, βi2 is 

obtained by regressing the stock return on the market return as at the same date, βi3 is 

estimated by regressing the stock return on the market return at the next trading day and 

ρ is the estimated first order auto correlation coefficient for market returns.  

The cumulative abnormal return is calculated for different sub-periods. Choice of 

interval for cumulative abnormal return varies in the literature. For example, a 

cumulative abnormal return of 11 days (-5,+5) around the announcement date (Lang et 

al. 1989; Kaplan & Weisbach 1992) , a 5 day CAR (-2,+2)  (Fuller et al. 2002; Faccio et 

al. 2006) and a 3 day CAR(-1,+1) (Moeller et al. 2004; Uysal 2011) have been used in 

previous studies. In univariate analysis, this study measures the cumulative abnormal 

return over eight different intervals: 

𝐶𝐶𝐴𝐴𝐴𝐴𝑖𝑖,𝑚𝑚 ,𝑛𝑛 = � 𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖                                                                                                          (4.9) 
𝑖𝑖=𝑛𝑛

𝑖𝑖=𝑚𝑚
 

Where commonly used values of m and n give one of the following intervals: 

(𝑚𝑚, 𝑛𝑛) = (−10, +10), (−5, +5), (−5, +1), (0,0), (−1, +1), (0, +1), (−1, +5), (+1, +10). 
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The event windows are used to assess the sensitivity of share market to asset acquisition 

announcement around the announcement date. The period commencing prior to the 

event date (i) selected to capture information leakage prior to the official announcement. 

The post event period is estimated to gauge whether the market overreacted to the 

announcement and, more generally, to reassess market reaction following the 

announcement. Specific reference to the event period (-1,+1) is excluded to simplify 

discussion in the remainder of this section. Further parametric and non-parametric tests 

have also been used for this study, with their methodology reported in section D in the 

appendices. 

4.4 Results 

4.4.1 Description of acquisition announcements. 

Oil and gas firms generally invest in oil and gas projects either through acquisition of 

assets or through joint venture projects. Consistent with previous studies (Brailsford & 

Yeoh 2004), joint venture announcements are also included in the analysis with 86% of 

the oil and gas firm investment announcements being acquisition of assets and the 

remaining 14% being joint venture announcements. Table 4-2 provides details on the 

distribution of the acquisition announcements by location. The dispersion in asset 

location is quite wide, ranging from 4.39% in Australia and Oceania through to 63.55% 

in North America. Political risk may have an effect on country dispersion and its impact 

on oil and gas firm acquisitions has been noted previously in the literature (Click & 

Weiner 2010). Further analysis has been conducted to investigate market response to 

acquisition of assets in various geographical locations. The market reaction to 

acquisition of assets is expected to be lower in geographical locations with high levels 

of political risk. As expected, the coefficient for Africa relative to North America is 

negative and significant implying the political risk associated with this region. 
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Interestingly, the coefficient for Australia and Oceania is also negative and significant 

relative to North America. Perhaps, given the political stability in this part of the world, 

high levels of costs associated with investments in this region could explain this 

negative coefficient.37  

Table 4-2 Distribution of the asset’s location. 

This table provides an overview of the geographical location of the acquired asset. In this sample, 63% of 
the assets acquired are located in North America. In some cases, the firm acquires assets in multiple 
locations from one company. The deals that correspond to multiple locations are reported separately.   

PRIMARY CONTINENT Frequency Percent 
Africa 93 6.69 
Asia 121 8.70 
Australia and Oceania 61 4.39 
Central/South America and Caribbean 95 6.83 
Europe 115 8.27 
North America 884 63.55 
InterContinental 7 0.50 
Not reported 15 1.08 

Total 1391 100 
 

The frequency and proportion of acquisitions through time are presented in Table 4-3. 

The frequency of acquisitions is slightly higher during the 2000’s relative to the 1990’s. 

Furthermore, there is evidence of an increase in the number of capital acquisition 

announcements from 2005 to 2008. The frequency of capital acquisition announcements 

decreases substantially in 2009. Since the McConnell & Muscarella (1985) study, the 

oil and gas market has experienced fundamental changes, including the recent gulf wars 

and the growing interest in the shale gas market in U.S. The pattern of cumulative 

abnormal returns is reported in Table 4-3, with negative values observed only in 1992, 

2001 and 2006. 

 

 

 
 
 

37 The results are available upon request.  
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Table 4-3 Yearly observation of reserves and acreage purchases announcement.  

CAR is the cumulative abnormal return over three days around the announcement date using the four 
factor Carhart model (1997).  

Year Frequency % CAR 

1992 3 0.22 -0.0372 

1993 46 3.31 0.0117 

1994 52 3.74 0.0147 

1995 52 3.74 0.0080 

1996 63 4.53 0.0158 

1997 64 4.60 0.0079 

1998 68 4.89 0.0019 

1999 80 5.75 0.0079 

2000 64 4.60 0.0056 

2001 71 5.10 -0.0070 

2002 66 4.74 0.0090 

2003 62 4.46 0.0123 

2004 73 5.25 0.0095 

2005 98 7.05 0.0013 

2006 84 6.04 -0.0061 

2007 97 6.97 0.0104 

2008 97 6.97 0.0053 

2009 65 4.67 0.0094 

2010 103 7.40 0.0105 

2011 83 5.97 0.0127 

Total 1391 100  

 

Descriptive statistics are reported in Table 4-4. Panel A, reports the statistics for the oil 

and gas specific variables. The volatility (VOL) of crude oil futures contract returns 

over the last 30 trading days prior to the announcement is also described in this table. 

The dispersion in the finding and development reserve replacement ratio (FD) as a 
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proxy for track record is wide with a minimum value of -6.078. The negative minimum 

value for FD implies that the company was unsuccessful in replacing reserves through 

exploration. Panel B reports the descriptive statistics for control variables used in this 

study. The average market to book ratio (M/B) is 1.51 which is consistent with other 

studies dealing with the oil and gas industry (Morton & Rajgopal 2002; Jin & Jorion 

2006).  

Table 4-4 Descriptive statistics. 

This table reports the descriptive statistics for the explanatory variables. Vol-Oil is the standard deviation 
of the returns in WTI closest to maturity futures contract in the last 30 days prior to the announcement 
date. RPR is the firm’s year-end total proved reserves divided by the firm’s year-end total production. FD 
refers to the firm’s finding and development reserve replacement ratio. Total assets (Item AT) are used as 
a proxy for the size of the firm. Growth is measured using market to book ratio. The book value is equal 
to the firm’s total assets (Item AT) and the market value is measured as market value of equity (Item 
CSHO*Item PTCC_F) plus preferred stock (Item PSTKL) plus liabilities (Item LT) minus balance sheet 
deferred taxes and investment tax credit (Item TXDITC). Leverage is equal to total liability (Item LT) 
over total asset (Item AT). All of the variables are measured using the lagged values. 

Variable N Mean Median Min Max Std Dev 

Panel A, Oil and gas specific variables       

Vol_Oil 1391 0.022 0.0203 0.009 0.072 0.008 

RPR (000’s) 1389 0.0175 0.0116 0.000 1.121 0.057 

FD (000’s) 1391 0.1852 0.1143 -6.078 12.287 0.649 

Panel B, Control variables 

Size (000,000’s) 1391 28,183 2,992 2.625 322,560 59,671 

Growth 1378 1.5171 1.3874 0.454 7.629 0.601 

Leverage 1391 0.5406 0.5547 0.018 1.499 0.167 

 

Pearson correlation coefficients are reported for the explanatory variables in Table 4-5. 

Size and reserve production ratio (RPR) are negatively correlated which suggests that 

the level of production relative to the reserves is higher for larger firms. Furthermore, a 

significant negative correlation is reported between size and finding and development 

reserve replacement ratio (FD), which suggests that large firms replace less reserves 

through extension and discoveries in the year prior to the acquisition. This negative 
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relationship provides one explanation for investment in acreage or reserves by larger 

firms as it implies that reduced productive capacity leads to acquisition of additional 

capacity through the acquisition of new acreage or reserves.  

Table 4-5 Pearson correlation coefficient. 

This table provides a matrix of Pearson correlation for all the relevant variables. ***  refers to 1% level of 
significance. 

 
Growth Leverage VOL_oil RPR FD 

SIZE -0.2193*** 0.2518*** 0.0753*** -0.1775*** -0.3856*** 

Growth  -0.1680*** -0.0249 0.1007*** 0.1049*** 

Leverage   0.0504 -0.1422*** -0.1227*** 

VOLOIL    -0.0189 -0.0449 

RPR     0.5381*** 

  

4.4.2 The stock price reaction to acquisition of acreage and reserves. 

This section investigates market reaction to announcements of acquisitions of acreage 

and acquisitions of reserves (See Table 4-6). Univariate analysis is conducted using 

three measures of expected return. Consistent with previous capital expenditure studies, 

market response to announcements of acquisitions of acreage and reserves is positive 

and significant. Thus, the results are consistent with information hypotheses which 

suggest capital expenditure announcements convey information about the strong 

prospects of the company and supports H1 hypothesis. Further, the results are consistent 

with the different measures of expected return. According to the zero-one market model, 

acquisition of acreage and reserves on average generates 0.87% return above market 

return over three days around the announcement (-1,+1).  
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Table 4-6  Event study, the whole sample.  
This table provides an overview of the market response to announcements of the acquisition of acreage 
and reserves. The acquisition announcements include upstream acreage and reserves. t-statistics are 
calculated using standardized cross-sectional method of Boehmer et al. (1991). The ***, ** and * refer to 
significance at the 1%, 5% and 10% levels, respectively. 
 

  Market model 
(N=1391) 

 
Carhart four factor  

model 
(N=1391) 

 Zero one market model 
(N=1391) 

    
  

(1) 
 

(2) 
 

(3) 
Event 
Window Mean CAR t-stat   Mean CAR t-stat   Mean CAR t-stat 
(-10,+10)  0.0074 2.03**  0.0113 3.26***  0.0221 6.25*** 
(-5,+5)  0.0075 2.38**  0.0093 3.06***  0.0150 5.15*** 
(-5,+1)  0.0082 3.09***  0.0098 3.86***  0.0127 5.08*** 
(0,0)  0.0053 4.68***  0.0055 4.89***  0.0060 5.38*** 
(-1,+1)  0.0070 3.73***  0.0077 4.28***  0.0087 4.77*** 
(0,+1)  0.0071 4.40***  0.0076 4.78***  0.0086 5.41*** 
(-1,+5)  0.0063 2.54**  0.0072 2.99***  0.0110 4.60*** 
(+1,+10)   0.0008 0.65   0.0023 1.31  0.0083 3.98*** 

Table 4-7 provides the results for the difference in market reaction to the acquisition of 

acreage versus the acquisition of reserves. The market reacts positively to the 

announcement of investments in reserves though there is no statistically significant 

abnormal return for acreage acquisition. This is consistent with the information 

hypothesis which suggests investment in acreage and reserves signals different 

information to the market about the firm’s future prospects. 

The mean market model CAR38 for investment in reserves exceed that earned from 

investment in acreage and the difference is statistically significant for CARs over the    

(-5,+1), (-1,+1) and (0,+1) event windows. Since the acquisition of reserves provides a 

stronger signal of the value of the acquiring firm than the acquisition of acreage, the 

market response to announcement of the acquisition of reserves is significantly greater 

than the acquisition of acreage. For example, acquisition of reserves generates on 

average a 1.1% return in excess of market return (zero one market model) over three 

days around the announcement date (See Table 4-7, Panel C). In comparison, 

38 CARS over (-5,+1),(-1,+1) and (0,+1) event windows.  
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acquisition of acreage generates 0.39% return in excess of market return. Overall, the 

results support the second hypothesis.  

Table 4-7 Event study, the market reaction to acquisition of acreage and reserve.  

This table provides an overview of the market response to announcement of acquisition of acreage and 
reserve. The parameters of expected return in panel A and B are calculated over days -269 to -11, where 
day 0 is the announcement date. In Panel A, the parameters of expected return are calculated using 
Carhart (1997) four factor model. The market model is used to estimate the parameters of expected return 
in panel B. The abnormal return in Panel C is calculated by subtracting the CRSP value weighted market 
index return from the firm observed return over the event window. For mean CARS, t-statistics are 
calculated using the standardized cross-sectional method of Boehmer et al. (1991). The t-statistics for 
differences in means are calculated using cross se ctional variances of CARs, assuming unequal 
variances. The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

  
Acreage 

 
Reserves 

 
Difference in Means 

  
N=(485) 

 
N=(906) 

  
  

(1) 
 

(2) 
 

 
Event 
Window Mean CAR t-stat   Mean CAR t-stat   (1)-(2) t-stat 
Panel A: Fama-French-Carhart four-factor model adjusted abnormal return.  
(-10,+10)  0.0057 0.77  0.0144 3.46***  -0.0087 -1.25 
(-5,+5)  0.0042 0.40  0.0121 3.43***  -0.0080 -1.56 
(-5,+1)  0.0039 0.59  0.0129 4.25***  -0.0090 -2.18** 
(0,0)  0.0037 1.40  0.0065 5.03***  -0.0028 -1.38 
(-1,+1)  0.0035 0.50  0.0099 4.73***  -0.0064 -2.13** 
(0,+1)  0.0039 0.88  0.0096 5.14***  -0.0057 -2.19** 
(-1,+5)  0.0038 0.26  0.0091 3.42***  -0.0053 -1.28 
(+1,+10)   0.0033 0.67  0.0018 1.14  0.0015 0.31 

Panel B: Market model. 
(-10,+10)  0.0005 -0.14  0.0111 2.59***  -0.0106 -1.47 
(-5,+5)  0.0024 0.17  0.0103 2.77***  -0.0079 -1.50 
(-5,+1)  0.0020 0.11  0.0114 3.64***  -0.0094 -2.19** 
(0,0)  0.0037 1.32  0.0062 4.78***  -0.0024 -1.17 
(-1,+1)  0.0029 0.14  0.0091 4.32***  -0.0063 -2.02** 
(0,+1)  0.0034 0.57  0.0092 4.87***  -0.0058 -2.16** 
(-1,+5)  0.0032 0.19  0.0079 2.93***  -0.0047 -1.11 
(+1,+10)   0.0006 -0.04  0.0009 0.83  -0.0003 -0.06 

Panel C: Zero one market model (0,1). 
(-10,+10)  0.0140 2.28**  0.0264 6.07***  -0.0124 -1.75 
(-5,+5)  0.0099 1.85*  0.0177 5.00***  -0.0078 -1.48 
(-5,+1)  0.0062 1.23  0.0162 5.32***  -0.0099 -2.29** 
(0,0)  0.0040 1.54  0.0071 5.51***  -0.0031 -1.47 
(-1,+1)  0.0039 0.58  0.0113 5.27***  -0.0074 -2.40** 
(0,+1)  0.0038 0.79  0.0111 5.94***  -0.0073 -2.71*** 
(-1,+5)  0.0076 1.45  0.0128 4.56***  -0.0053 -1.23 
(+1,+10)  0.0073 1.91*  0.0088 3.52***  -0.0014 -0.30 
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4.4.3 Volatility of oil and gas future contract prices and investment.  

The literature suggests that the value of oil and gas firms and their future cash flows are 

an increasing function of the volatility of the underlying asset (Galai & Masulis 1976). 

Thus, this section investigates the market reaction to the acquisition of acreage and 

reserves as crude oil price volatility varies. According to Panel A of Table 4-8, the 

market reacts positively and significantly to the announcement of investment in acreage 

when the volatility of crude oil is high. This indicates strong prospects for the firm since 

the real option value of acreage is greatest when oil price volatility is high and so 

acquisition of high priced acreage is a stronger signal of firm value. In effect, the 

announcement of investment in acreage when the volatility of crude oil price is 

relatively high may be perceived as good news for the firm. Further, the acquisition of 

acreage, when oil price volatility is high, may result in the accumulation of acreage, 

leaving the development options for the acquired acreage open till the uncertainty of oil 

prices resolves. The importance of acquiring an oil prospect in periods of high volatility 

is noted previously in the literature (Dixit & Pindyck 1995). Conversely, the market 

reacts negatively to the announcement of acquisition of acreage when the volatility of 

crude oil is relatively low. The CAR for high volatility periods exceeds the CAR in low 

volatility periods on average for the periods (0,0), (-1,+1) and (0,+1) windows. This 

indicates that market reaction is significantly stronger when the volatility of crude oil 

price is high relative to when volatility is low.  

In the case of the acquisition of reserves, the market values the investment positively 

regardless of the level of volatility of crude oil prices. According to Panel B of Table 4-

8, there is no significant difference in market reaction between periods of low crude oil 

price volatility and periods of high crude oil price volatility for announcements of the 

acquisition of reserves. While the sign of the coefficient is positive and significant 

during periods of both high and low volatility, there is no significant difference in 
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market response to announcements of the acquisition of reserves in periods of high 

volatility and low volatility. In effect, the real options effect is more valuable in the 

acquisition of acreage as an oil firm holds the option to further explore and develop 

acquired acreage.  

Table 4-8 Event study, the market reaction to acquisition of acreage and reserves 
for low and high volatility oil prices.  

This table provides an overview of the market response to announcements of acquisition of acreage for 
low volatility and high volatility periods. The parameters of expected return are calculated over days -269 
to -11, where day 0 is the announcement date. The parameters of expected return are calculated using 
Carhart (1997) four factor model. For mean CARS, t-statistics are calculated using the standardized cross-
sectional method of Boehmer et al. (1991). The t-statistics for differences in means are calculated using 
cross sectional variances of CARs and assuming unequal variances. The ***, ** and * refer to 
significance at the 1%, 5% and 10% levels, respectively. 

  
Low Volatility 

N=(241)  
High Volatility 

(N=244)  
Difference in Means 

     
  

(1) 
 

(2) 
 

 
Event Window Mean CAR t-stat   Mean CAR t-stat   (1)-(2) t-stat 
Panel A: Acquisition of acreage.  
(-10,+10)  0.0045 0.78  0.0069 0.80  -0.0024 -0.22 
(-5,+5)  0.0019 -0.42  0.0064 1.07  -0.0045 -0.62 
(-5,+1)  -0.0002 -0.61  0.0080 1.58  -0.0082 -1.41 
(0,0)  -0.0002 -1.07  0.0074 2.84**  -0.0076 -2.59*** 
(-1,+1)  -0.0026 -1.72*  0.0096 2.66**  -0.0122 -2.85*** 
(0,+1)  -0.0016 -1.64*  0.0094 3.07**  -0.0110 -3.06*** 
(-1,+5)  -0.0005 -1.04  0.0079 1.68*  -0.0084 -1.31 
(+1,+10)   0.0020 0.62   0.0046 0.71   -0.0026 -0.21 

 

Low Volatility 
(N=454) 

 

 
High Volatility 

(N=452) 
 
 Difference in Means 

Panel B: Acquisition of reserves.        
(-10,+10)  0.0067 1.09  0.0221 3.74***  -0.0153 -1.79 
(-5,+5)  0.0125 2.89***  0.0118 2.44**  0.0007 0.11 
(-5,+1)  0.0140 3.87***  0.0118 2.96***  0.0023 0.42 
(0,0)  0.0068 3.78***  0.0093 2.99***  -0.0025 -0.70 
(-1,+1)  0.0105 3.99***  0.0093 2.99***  0.0012 0.30 
(0,+1)  0.0095 4.11***  0.0097 3.56***  -0.0003 -0.08 
(-1,+5)  0.0089 2.48**  0.0091 2.30***  -0.0002 -0.03 
(+1,+10)   -0.0055 -1.51   0.0088 2.19**   -0.0143 -2.64*** 

 

4.4.4 Multivariate analysis    

A cross sectional model is also employed to explore the sensitivity of the share market 

reaction to various oil and gas firm investment announcements. The dependent variable 
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in this model is the cumulative abnormal return over the three days around the 

announcement date (-1,+1). The main explanatory variables, reserves to production ratio 

(RPR) and finding and development reserve replacement ratio (FD), are employed in 

tests of the significance of market reaction to these characteristics of oil and gas firm 

reserves. Robust standard errors, clustered by firm, are also reported in the analysis 

(Petersen 2009).  

Consistent with univariate analysis, the coefficient for the interaction of volatility and 

the indicator variable for the acquisition of acreage (DA_Acreage*VOL) is positive and 

significant at 10% using the Carhart (1997) model (See Table 4-9, Panel A) and at the 

5% level using the zero one market model (See Table 4-9, Panel C).39 This suggests the 

share market response to acquisition of acreage is significantly higher when the 

volatility of oil prices is higher.  

4.4.4.1 Does reserves level really matter? 

Table 4-9 provides the results of our multivariate analysis on acreage and reserves. 

McConnell and Muscarella (1985) highlight the importance of firms’ existing reserves 

in explaining market reaction to exploration and development announcements. To 

further explore this relation, the reserve-to-production ratio (RPR) is used. The higher 

the firm’s RPR, the longer the firm can provide cash flows from present reserves to 

meet its financial obligations. It is hypothesised that there is a negative relation between 

the RPR and the share market response to acquisitions of acreage and reserves. That is, 

oil and gas firms are expected to acquire acreage and reserves when the RPR is low. It is 

also expected that a decrease in the productive capacity of an oil and gas firm will lead 

to the acquisition of additional capacity through acreage and reserve acquisitions. 

Indeed, I find that the market reacts positively to the announcement of investments in 

acreage and reserves if the firm’s reserve-to-production ratio is low. This result is 

39 I note some variation in results estimated using market model and zero one market model.  
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consistent with the information hypothesis, which suggests that the investment 

announcement conveys information to the market about the firm’s future prospects and 

therefore supports the fifth hypothesis. Further, it suggests that a reduction in the 

potential productive capacity of oil and gas firms leads to the acquisition of additional 

capacity through the acquisition of acreage and reserves — which is a good news for 

investors.40 Further, I find that the market response is negatively related to the 

interaction of the RPR and an indicator variable for acquisition of acreage 

(DA_Acreage*RPR). This suggests that the market reaction to acquisitions of acreage is 

significantly less than the market reaction to acquisitions of reserves for firms with 

greater levels of reserve-to-production ratios. These findings are consistent with the 

overinvestment hypothesis as proposed by Jensen (1988). Perhaps, the high cost of 

exploration on unproven acreage explains the negative market response to acreage 

acquisition for firms with greater levels of RPR ratios.  

4.4.4.2 Does a track record really matter? 

The oil and gas finding and reserve replacement ratio (FD) is used as a proxy for track 

record to capture the firm’s success in replacing its reserves through extension of 

existing reserves and discoveries. It is hypothesised that the relation between share 

market value and firm track record from exploration is greater for acquisition of acreage 

than for acquisition of reserves. To test this, an interaction term between the FD ratio 

and the acquisition of acreage is included in the model (See Table 4-9). The result 

shows a significant positive coefficient for the interaction of acquisition of acreage and 

40 It is unlikely that the timing of managers’ investment announcments regarding good news (bad news) is 
contemporaneous with periods during which a firm’s share price is high (low). As a robustness check, I 
run a regression for the firms in the sample from 1992 to 2001. Using the coefficients obtained from this 
regression for variables of interest, the dependent variables are estimated for the hold-out sample period 
starting from 2002 to 2011. The actual dependent variable is regressed on the estimated variable obtained 
from the hold-out sample. I find that the adjusted R2 and the coeffecient obtained from this regression is 
not significantly different from the one obtained from regressing the actual dependent variable on the 
potentially endogeneous variables and the control variables. Hence, endogenity does not seem to pose any 
problem. 
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FD ratio. One plausible explanation for this positive relation is the existence of 

management reputation and expertise based on their past success. The market reacts 

more positively to the announcement of investment in acreage if the firm has a high FD 

ratio. It seems the market relies on the reputation and the expertise of manager on the 

basis of their previous exploration results in assessing the value of acquisition of 

acreage. In effect, the market values additional exploration expenditures and it reacts 

positively to this announcement when the acquirer has expertise on exploration. This 

explains the importance of exploration track record in explaining market reaction to 

acquisition of acreage and reserves. Further, it is consistent with manager past 

performance previously noted in the takeover literature.41 While the previous finance 

literature tends to use the growth in earnings and previous stock returns as a proxy for 

the managers past performance (Morck et al. 1990), I use the FD ratio which is specific 

to the oil and gas industry. Overall, the results support the third hypothesis.  

In the case of the acquisition of reserves42, the results demonstrate that the market reacts 

negatively to the announcement of acquisition of reserves if the firm’s FD ratio is high 

with the coefficient on the interaction variable (acquisition of reserves and FD ratio) 

being negative and significant. The results suggest that the announcement of the 

acquisition of reserves for firms with a high level of success in replacing reserves 

through exploration is perceived as bad news by the market. This is consistent with 

overinvestment hypothesis (Jensen 1986).  

The coefficient for size is negative and significant which suggest that market reaction is 

greater for smaller firms in the sample. This is consistent with the results reported in 

previous studies in the literature (Moeller et al. 2004). The significant results for size 

41 For example, in a somewhat different scenario, Morck et al. (1990) showed a positive relation between 
manager past performance of the bidder firm and the bidder return following the takeover announcement. 
42 An indicator variable for acquisition of reserves is equal to one minus an indicator variable for the 
acquisition of acreage.  
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are robust to different choices of expected return (See table 4-9, Panel A, B & C). 

Further, the coefficient for leverage is negative and significant which suggest that 

market reaction is greater for highly levered firms. While the coefficient for growth is 

negative, it is not statistically significant. This suggests that there is no variation of 

market reaction to firms with different level of growth options.  
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Table 4-9 Regression analysis for acquisition of acreage and reserves.  
The dependent variable is the cumulative abnormal return of both acquisitions of acreage and reserve over 
the three days around the announcement date. DA_Acreage is an indicator variable with a value of one if 
the deal refers to the acquisition of acreage. The RPR and FD variables refer to the reserve production 
ratio and finding and development reserve replacement ratio. DA_ACRE*Size refers to the interaction of 
DA_Acreage and size of the firm. DA_Acreage*VOL is the interaction of DA_Acreage and VOL. VOL is 
the volatility of changes in the crude oil price in the last 30 trading days prior to the announcement date. 
Size, GROWTH, and Leverage are estimated as described in Table 4-4. All of the variables are based on 
one year prior to the announcement. The ***, ** and * refer to significance at the 1%, 5% and 10% 
levels, respectively. Robust standard errors clustered by firm are reported in the respective parenthesis. 
 
Panel A, Carhart four factor model.  

 1 2 3 4 

Constant 0.0532*** 0.0607*** 0.0513*** 0.0626*** 

  (0.0105) (0.0118) (0.0108) (0.0125) 

DA_Acreage -0.0032 -0.0215 -0.0024 -0.0329* 

  (0.0028) (0.0161) (0.0029) (0.0169) 

RPR -0.0499*** -0.0403***    

  (0.0179) (0.0088)    

FD   0.0003 -0.0034 

    (0.0034) (0.0024) 

DA_Acreage*Size  0.0006  0.0014 

   (0.0015)  (0.0016) 

DA_Acreage*VOL  0.7758*  0.7526* 

   (0.3987)  (0.3966) 

DA_Acreage*RPR  -0.2649*    

   (0.1495)    

DA_Acreage*FD    0.0097** 

     (0.0043) 

VOL_oil -0.0008 -0.3227 -0.0003 -0.3314 

 (0.2166) (0.3058) (0.2162) (0.3059) 

Control variables:      

Size -0.0032*** -0.0034*** -0.0031*** -0.0036*** 

  (0.0008) (0.0009) (0.0008) (0.0010) 

Growth -0.0040 -0.0031 -0.0044 -0.0040 

  (0.0041) (0.0040) (0.0042) (0.0041) 

Leverage -0.0218* -0.0222* -0.0195 -0.0207* 

  (0.0124) (0.0125) (0.0124) (0.0124) 

Adjusted R2 0.0260 0.0302 0.0245 0.0275 

N 1376 1376 1378 1378 

P> F-Stat 0.0001 0.0000 0.0003 0.0000 
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Panel B, Market Model.  
 

 5 6 7 8 

Constant 0.0580*** 0.0630*** 0.0562*** 0.0648*** 

  (0.0103) (0.0113) (0.0106) (0.0120) 

DA_Acreage -0.0029 -0.0138 -0.0022 -0.0244 

  (0.0030) (0.0164) (0.0031) (0.0172) 

RPR -0.0464** -0.0363***   

  (0.0181) (0.0089)   

FD   0.0003 -0.0031 

    (0.0034) (0.0023) 

DA_Acreage*Size  0.0002  0.0010 

   (0.0016)  (0.0017) 

DA_Acreage*VOL  0.5858  0.5634 

   (0.3598)  (0.3586) 

DA_Acreage*RPR  -0.2569*   

   (0.1556)   

DA_Acreage*FD    0.0092* 

     (0.0046) 

VOL_oil -0.0591 -0.3006 -0.0586 -0.3085 

 (0.1995) (0.2707) (0.1992) (0.2708) 

Control variables:     

Size -0.0033*** -0.0034*** -0.0033*** -0.0035*** 

  (0.0008) (0.0009) (0.0008) (0.0010) 

Growth -0.0041 -0.0037 -0.0048 -0.0045 

  (0.0042) (0.0042) (0.0043) (0.0043) 

Leverage -0.0274** -0.0278** -0.0252** -0.0264** 

  (0.0120) (0.0120) (0.0120) (0.0120) 

Adjusted R2 0.0291 0.0315 0.0281 0.0294 

      

N 1376 1376 1378 1378 

P> F-Stat 0.0000 0.0000 0.0000 0.0000 
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Panel C. Zero one market model 

 9 10 11 12 

Constant 0.0604*** 0.0694*** 0.0584*** 0.0714*** 

  (0.0108) (0.0118) (0.0109) (0.0124) 

DA_Acreage -0.0037 -0.0260 -0.0030 -0.0386** 

  (0.0030) (0.0162) (0.0030) (0.0168) 

RPR -0.0309 -0.0195**    

  (0.0208) (0.0009)    

FD   0.0012 -0.0022 

    (0.0031) (0.0022) 

DA_Acreage*Size  0.0006  0.0016 

   (0.0016)  (0.0017) 

DA_Acreage*VOL  0.9727***  0.9475** 

   (0.3666)  (0.3651) 

DA_Acreage*RPR  -0.3116*    

   (0.1823)    

DA_Acreage*FD    0.0088** 

     (0.0042) 

VOL_oil -0.0616 -0.4659* -0.0591 -0.4722* 

 (0.2009) (0.2692) (0.2004) (0.2693) 

Control variables:      

Size -0.0034*** -0.0037*** -0.0033*** -0.0038*** 

  (0.0007) (0.0009) (0.0008) (0.0010) 

Growth -0.0043 -0.0033 -0.0047 -0.0041 

  (0.0044) (0.0043) (0.0045) (0.0045) 

Leverage -0.0261** -0.0267** -0.0245** -0.0256** 

  (0.0120) (0.0121) (0.0119) (0.0120) 

Adjusted R2 0.0314 0.0383 0.0317 0.0357 

       

N 1376 1376 1378 1378 

P> F-Stat 0.0000 0.0000 0.0000 0.0000 
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4.4.4.3 Further discussion and robustness checks 

Earlier studies find a negative market reaction to capital expenditure announcements of 

oil and gas firms in the early 1980s (McConnell & Muscarella 1985; Woolridge & 

Snow 1990). Such differences between this current study and previous studies can be 

attributed to changes in the nature of the oil and gas industry over the past three 

decades. McConnell and Muscarella (1985) propose two explanations for the negative 

market reaction to capital expenditure announcements of oil and gas firms over their 

period. One explanation is that the announcement of exploration and development 

implies that the magnitude of the firm’s oil and gas reserves has diminished. They argue 

that the market interprets this as bad news and thus reacts negatively to these 

announcements. The high cost of exploration and development projects during the 

1980’s relative to the purchase of reserves may also help to explain the observed 

negative market reaction to exploration and development announcements in earlier 

studies (McConnell & Nantell 1985; Jensen 1988). The next analysis further explores 

this relation using open market acquisitions of oil and gas firms from a more recent 

period.  

In respect to test statistics, the results from the robustness tests are reported in         

Table 4-10 and Table 4-11.43 While relying on the Boehmer et al. (1991) test to 

estimate the t-test in univariate analysis, I use other t-tests as well as non-parametric 

tests as robustness checks. Other measures of estimating expected return are also 

reported in a robustness section. Panel A reports the results for the Carhart (1997) four 

factor model. Panel B provides the results using the market model, followed by the 

adjusted market model which is reported in panel C. The percentage of positive 

abnormal return estimated using the Carhart (1997) model is 55% for announcement of 

the acquisition of reserves and 51% for announcement of the acquisition of acreage. 

43 See Section D in Appendices for detailed explanation of parametric and non-parametric tests.   
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There is a range of parametric and non-parametric tests that could be used to determine 

the level of significance of abnormal returns and cumulative abnormal returns. The 

parametric tests included in the robustness section are the Patell t-test (1976), a simple 

cross sectional test and the Boehmer et al. (1991) tests. Further, non-parametric tests are 

used as a robustness check since the distribution of abnormal return may not be normal. 

These include the sign test (Wilcoxon 1945) and the rank-sum test (Corrado 1989; 

Corrado & Zivney 1992). Overall, the results are robust to the different measures of test 

statistics used in the robustness section.  
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Table 4-10 Robustness tests, Acquisition of reserve. 
This table provide a robustness check using numerous statistical tests. The parameters of expected return in panel A and B are calculated over days -269 to -10, where 
day 0 is the announcement date. In panel A, the parameters of expected return are calculated using Carhart four factor model. The market model is used to estimate the 
parameters of expected return in panel B. The abnormal return in Panel C is calculated by subtracting the CRSP value weighted market index from the firm observed 
return over the event window. The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

CAR Mean std dev N %  posetive 
abnormal 

sign test 
(wilcoxon) 

patell`s 
(1976) 

cross 
sectional 

Boehmer`s et 
al (1991) 
t_statistic 

Corrado 
Rank test 

Panel A, Carhart model.       

(-10,+10) 0.0144 0.1290 906 0.53 1.86* 3.81*** 3.36*** 3.46*** 0.53 
(-5,+5) 0.0121 0.0973 906 0.53 2.06** 4.02*** 3.75*** 3.43*** 0.73 
(-5,+1) 0.0129 0.0810 906 0.54 2.13** 5.08*** 4.80*** 4.25*** 1.21 
(0,0) 0.0065 0.0395 906 0.53 1.86* 6.96*** 4.93*** 5.03*** 4.32*** 
(-1,1) 0.0099 0.0611 906 0.55 3.12*** 6.72*** 4.87*** 4.73*** 2.23** 
(0,+1) 0.0096 0.0538 906 0.54 2.33** 7.62*** 5.37*** 5.14*** 3.08*** 
(-1,+5) 0.0091 0.0806 906 0.53 1.66* 4.36*** 3.40*** 3.42*** 0.89 
(1,+10) 0.0018 0.0820 906 0.48 -1.13 1.23 0.66 1.14 0.13 

Panel B, Market model.        

(-10,+10) 0.0111 0.1312 906 0.51 0.73 2.86*** 2.55** 2.59*** 0.41 
(-5,+5) 0.0103 0.0976 906 0.52 1.46 3.21*** 3.16*** 2.77*** 0.54 
(-5,+1) 0.0114 0.0821 906 0.53 1.53 4.33*** 4.20*** 3.64*** 1.00 
(0,0) 0.0062 0.0401 906 0.52 0.93 6.47*** 4.62*** 4.78*** 3.86*** 
(-1,1) 0.0091 0.0615 906 0.55 3.06*** 6.01*** 4.48*** 4.32*** 1.86* 
(0,+1) 0.0092 0.0543 906 0.55 2.79*** 7.06*** 5.08*** 4.87*** 2.79*** 
(-1,+5) 0.0079 0.0805 906 0.53 1.73* 3.62*** 2.97*** 2.93*** 0.65 
(1,+10) 0.0009 0.0841 906 0.48 -1.00 0.90 0.32 0.83 0.08 
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Panel C, Zero one market model.  

(-10,+10) 0.0264 0.1273 906 0.57 4.19*** 6.53*** 6.24*** 6.07*** 0.42 
(-5,+5) 0.0177 0.0965 906 0.56 3.79*** 5.71*** 5.52*** 5.00*** 0.54 
(-5,+1) 0.0162 0.0819 906 0.56 3.52*** 6.25*** 5.94*** 5.32*** 0.92 
(0,0) 0.0071 0.0405 906 0.55 2.99*** 7.56*** 5.30*** 5.51*** 4.35*** 
(-1,1) 0.0113 0.0612 906 0.56 3.65*** 7.32*** 5.56*** 5.27*** 1.92* 
(0,+1) 0.0111 0.0542 906 0.56 3.79*** 8.58*** 6.16*** 5.94*** 3.13*** 
(-1,+5) 0.0128 0.0802 906 0.56 3.72*** 5.69*** 4.81*** 4.56*** 0.76 
(1,+10) 0.0088 0.0828 906 0.53 1.53 3.78*** 3.18*** 3.52*** 0.24 
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Table 4-11 Robustness tests, Acquisition of acreage. 
 This table provide a robustness check using numerous statistical tests. The parameters of expected return in panel A and B are calculated over days -260 to -10, where 
day 0 is the announcement date. In panel A, the parameters of expected return are calculated using Carhart four factor model. The market model is used to estimate the 
parameters of expected return in panel B. The abnormal return in Panel C is calculated by subtracting the CRSP value weighted market index from the firm observed 
return over the event window. The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 
 

CAR Mean std dev N %  posetive 
abnormal 

sign test 
(wilcoxon) 

patell`s 
(1976) 

cross 
sectional 

Boehmer`s et 
al (1991) 
t_statistic 

Corrado 
Rank test 

Panel A, Carhart model.       

(-10,+10) 0.0057 0.1217 485 0.52 0.77 0.83 1.02 0.77 0.09 
(-5,+5) 0.0042 0.0869 485 0.49 -0.59 0.44 1.05 0.40 0.05 
(-5,+1) 0.0039 0.0689 485 0.50 -0.05 0.64 1.25 0.59 0.11 
(0,0) 0.0037 0.0341 485 0.53 1.14 1.90 2.36** 1.40 1.56 
(-1,1) 0.0035 0.0483 485 0.51 0.32 0.60 1.61 0.50 0.25 
(0,+1) 0.0039 0.0415 485 0.49 -0.23 1.16 2.08** 0.88 0.60 
(-1,+5) 0.0038 0.0703 485 0.51 0.23 0.30 1.18 0.26 0.08 
(1,+10) 0.0033 0.0867 485 0.52 0.77 0.73 0.84 0.67 0.06 

Panel B, Market model.        

(-10,+10) 0.0005 0.1269 485 0.47 -1.41 -0.15 0.09 -0.14 -0.18 
(-5,+5) 0.0024 0.0906 485 0.50 0.05 0.18 0.58 0.17 -0.12 
(-5,+1) 0.0020 0.0733 485 0.49 -0.50 0.12 0.61 0.11 -0.13 
(0,0) 0.0037 0.0348 485 0.53 1.14 1.69* 2.37** 1.32 1.47 
(-1,1) 0.0029 0.0513 485 0.50 -0.05 0.17 1.24 0.14 -0.07 
(0,+1) 0.0034 0.0433 485 0.50 0.14 0.72 1.72* 0.57 0.22 
(-1,+5) 0.0032 0.0730 485 0.50 -0.14 0.22 0.98 0.19 -0.08 
(1,+10) 0.0006 0.0864 485 0.48 -0.77 -0.05 0.16 -0.04 -0.27 
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Panel C, Zero one market model.      
(-10,+10) 0.0140 0.1243 485 0.53 1.23 2.44** 2.48** 2.28** -0.15 
(-5,+5) 0.0099 0.0917 485 0.55 2.04** 2.04** 2.38** 1.85* -0.08 
(-5,+1) 0.0062 0.0744 485 0.51 0.59 1.35 1.85* 1.23 -0.22 
(0,0) 0.0040 0.0362 485 0.53 1.32 2.04** 2.43** 1.54 1.34 
(-1,1) 0.0039 0.0516 485 0.52 0.95 0.68 1.65* 0.58 -0.21 
(0,+1) 0.0038 0.0437 485 0.51 0.23 1.00 1.93* 0.79 -0.04 
(-1,+5) 0.0076 0.0735 485 0.54 1.59 1.66** 2.26** 1.45 0.00 
(1,+10) 0.0073 0.0858 485 0.51 0.50 1.99* 1.88* 1.91 -0.17 
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4.5 Conclusion  

This study examines share market reaction to capital acquisition announcements of oil 

and gas firms listed on the U.S. stock market. Using univariate analysis, I find that the 

positive market reaction to the announcement of reserve acquisitions exceeds the 

positive market reaction to the announcement of acreage acquisitions. While market 

responses to both acquisitions are expected to be significant due to the information 

hypotheses, the signalling hypothesis suggests that the market reaction to the acquisition 

of reserves should be greater than the share market reaction to the acquisition of acreage 

because this is a more costly signal. On average, the market reaction to the acquisition 

of acreage generates 0.63% less return than the acquisition of reserves over three days 

around the announcement. Consistent with real options theory, I find that the market 

reaction to announcement of acreage acquisition is significantly greater when the 

volatility of oil prices is higher.  

Cross sectional analysis is also used to further investigate the variation in share market 

reaction to oil and gas firms investment announcements. While the FD ratio is used as a 

proxy for track record, the interaction of track record and an indicator variable for 

acquisition of reserves is negatively related to share market response. Further, the 

market response is negatively correlated with the interaction of the RPR and an 

indicator variable for acquisition of acreage. These findings are consistent with the 

overinvestment hypothesis as proposed by Jensen (1988). In addition, using the 

interaction of the FD ratio and an indicator variable for acquisition of acreage, a positive 

relation is found. This is consistent with the notion that firms with a history of 

successful explorations in the past are more likely to generate positive returns following 

the acquisition announcements (Morck et al. 1990) — emphasising the importance of 

track records in explaining market reactions to acquisition announcements.  
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One of the contributions of this chapter is highlighting the importance of volatility of oil 

prices in explaining variation of market reaction to investments of oil and gas firms. To 

gain further insight on the volatility/returns relationship and its impact on oil and gas 

firm investments, the next chapter investigates this relationship with a particular focus 

on firm real options.  
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Chapter 5 Real options and the value of oil and gas 
firms: An empirical analysis 

5.1 Introduction 

This study focuses on the impact of underlying asset price volatility on firm value, and 

how this relation changes with the level of exercised real options. The oil and gas 

industry is chosen for analysis as it provides a rich set of firms with relatively well-

defined production stages to reflect the exercise of real options. Utilising information 

about oil and gas reserve investments, I am able to capture the impact of exercised real 

options.  In particular, the level of active drilling identifies the exercise of these drilling 

options. 

Oil and gas firm investment is generally classified into three stages: exploration, 

development, and extraction. As such, exploration leads to the discovery of proven 

reserves (undeveloped proven) and development is the process of converting 

undeveloped reserves to developed reserves (Paddock et al. 1988). This study also 

examines the nature of exploration options relative to development options. While both 

oil price and geological uncertainty are linked to the value of the exploration and 

development options, the level of geological uncertainty is greater for exploration 

options (Cortazar et al. 2001). Further, as the exploration stage proceeds over time, 

more information about the mine is revealed and, thus, the geological uncertainty 

associated with the exploration stage decreases (Cortazar et al. 2001). This suggests that 

the value of real exploration options will differ from the value of real development 

options, all else held equal, due to differences in the relative importance of geological 

uncertainty and price uncertainty.  

Previous studies demonstrate a positive relation between underlying asset volatility and 

firm-level stock returns and, more recently, real options have been used to explain the 
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changing nature of this relation (Grullon et al. 2012). The intuition behind this is as 

follows: the value of the real option is an increasing function of the volatility of the 

underlying asset (Galai & Masulis 1976; McDonald & Siegel 1986), and so the greater 

the real option component of firm value, the stronger the relation between volatility of 

underlying asset and firm level stock returns (Grullon et al. 2012).  

Volatility is value-relevant when managers have flexibility in modifying their 

investment decisions (McDonald & Siegel 1986). In the case of the oil and gas industry, 

Dixit and Pindyck (1995) argue that there is a positive relation between the volatility of 

crude oil prices and the value of delaying the option to invest in oil. Further, using the 

proportion of an oil and gas firm that comprises undeveloped reserves as a proxy for 

real options, Grullon et al. (2012) find a positive relation between firm value and 

volatility of underlying asset with greater levels of real options.  

Real options are created by oil and gas firms through the acquisition of the right to drill. 

Subsequently, a firm exercises these investment options through exploration and 

development drilling when the expected payoff from investment exceeds the value of 

the real options. In addition, an increase in firm investment opportunities provides more 

flexibility in terms of investment timing, and this increases the number of real options 

the firm possesses (Grullon et al. 2012).  

This study uses the level of active exploration drilling to capture the exercise of real 

options.  This is a useful proxy for two reasons. First, the drilling data is reported on a 

weekly basis and accumulated to give monthly data. While other data that could be used 

to capture changes in the level of real options, such as information on undeveloped 

proven reserves, is usually reported annually.  The use of weekly data ensures greater 

variation in the real option proxies that I use in my time series tests  Second, the value-

relevance of real options is a function of manager flexibility and their ability to modify 
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their investment decisions (McDonald & Siegel 1986; Dixit & Pindyck 1995). Indeed, 

Cortazar et al. (2001) document that a substantial portion of the project value in copper 

exploration is due to the exploration and development options available to the 

managers. Therefore, drilling data provides a plausible setting to capture oil and gas 

firm investment decisions, as this variable tracks actual investment as it occurs. 

The case of Chesapeake Energy, for example, highlights the importance of drilling for 

firms and managers in the oil and gas industry. In an unusual agreement, the CEO of 

Chesapeake Energy received the right to purchase a 2.5% stake in revenue from every 

well drilled by the company (Gold 2012a). While the deal came to an end following 

pressure from investors, this highlights the importance of drilling for firms and 

managers in the oil and gas industry.   

Drilling data has been previously used as a proxy for oil and gas firm investment 

opportunities (Gilje & Taillard 2012; Kellogg 2014). For example, Gilje and Taillard 

(2012) use the number of new drilling wells installed for each firm in a year as a proxy 

for the amount of investments undertaken by each firm in the natural gas industry.44 

Further, Kellogg (2014) conducts real option analysis and uses drilling data to gauge the 

impact of uncertainty on investment. Consistent with real options theory, Kellogg 

(2014) finds that oil and gas firms tend to reduce their drilling activity during periods of 

high expected oil price volatility.  

In this study, I use drilling data as a proxy for exercised real options, and by analysing 

95 oil firms with 8,239 firm-month observations and 93 gas firms with 9,150 firm-

month observations, drawn from the period of 1997 to 2012, I find that the relation 

between the underlying asset volatility and firm value is decreasing with the exercise of 

real options. This is consistent with real options theory. Grullon et al. (2012) show that, 

44 The number of new drilling wells started per month is identified by the “spud date” and used as a 
robustness check. This is further investigated in Section 5.6.2. 
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for firms with more real options (more undeveloped reserves), higher underlying asset 

volatility is associated with higher returns. Using a more direct natural experiment 

(drilling data), I document that when the level of drilling activity decreases, maintaining 

higher levels of reserves, I also expect to see higher underlying asset volatility being 

associated with higher returns. Further, the nature of real exploration options as 

compound options is highlighted with the finding that the relation is more sensitive to 

the exercise of exploration options rather than with the exercise of development options.   

The remainder of this study is organised as follows. Section 5.2 gives a brief overview 

of the literature. The hypotheses of our study are presented in Section 5.3. I discuss the 

data in Section 5. 4, followed by the methodology in Section 5.5. The empirical results 

are presented in Section 5.6 and Section 5.7 concludes the study.  

5.2 Literature review 

5.2.1 Real options 

There is a range of real options associated with the corporate investment decisions 

(Koussis et al. 2013) though the most common real options that firms in the natural 

resource industry face are the real options to defer, expand, close or resume operations 

based on market conditions. The importance of these real options for managerial 

decision making has been noted previously in the literature, particularly in regard to the 

option to invest (Brennan & Schwartz 1985; McDonald & Siegel 1986; Majd & 

Pindyck 1987).  

In a seminal study on real options, Brennan and Schwartz (1985) model the decision to 

open and close a mine when the price of the underlying commodity changes 

stochastically. Cortazar et al. (2001) further develop this model to incorporate the 

impact of geological and technical uncertainty on exploration, development and 
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extraction decisions. In their model, once the exploration process is over, there is 

flexibility in terms of timing of the decision to exercise of development options. 

Applying their model to copper exploration, they find that the major proportion of 

project value is related to operational, exploration and development options (Cortazar et 

al. 2001) .   

In terms of empirical studies, Paddock et al. (1988) estimate the value of offshore oil 

leases offered by the government for each firm using both real option and net present 

value techniques. The results of their study show that the value obtained using a real 

option model is closer to the market price relative to the value suggested by an NPV 

model. In a related study, Quigg (1993) uses land transaction data to develop a model 

which incorporates the value to wait to develop land. The owner of undeveloped land 

has the option to determine the appropriate time to begin construction on the land. As 

such, the owner has the option to exercise the right to convert undeveloped land into 

developed land. Using the cost of constructing a property (developing the land) as a 

proxy for the exercise price, and the price of the actual building as a proxy for the 

underlying asset value, the results of the study suggests that the real options model 

produces a more accurate measure of value than the discounted cash flow method. 

Hence, this suggests that the option to wait has value-relevance.45 Dunne and Mu 

(2010) investigate the impact of oil price volatility on firm level refinery investment and 

find a negative relation between the probability of investment and the increasing 

volatility of oil prices. A major contribution of the present study is the use of the level 

of active exploration drilling to provide a measure of the exercise of real options, which 

is used to explain the relation between underlying asset volatility and the value of an oil 

and gas producing firm.   

45 Moel and Tufano (2002) also find support for real option models when investigating opening and 
closing decisions for gold mines in North America. 
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5.2.2 Oil price volatility and investment 

The volatility of oil and gas prices has been used extensively as a measure of 

uncertainty in oil and gas firm investments (Pindyck 1991; Dixit & Pindyck 1994; 

Henriques & Sadorsky 2011). Higher volatility in underlying prices is associated with 

more uncertainty, which leads to an increase in the marginal product of capital (Pindyck 

1991; Henriques & Sadorsky 2011). For example, while oil prices decreased during the 

1980s, the uncertainty about future oil prices increased and, as a result, oil firms were 

prepared to pay more for offshore leases and other acreage compared to periods when 

uncertainty was lower (Pindyck 1991).  

The first significant discussion about the impact of future oil price uncertainty on firm 

investment decisions appears in Bernanke (1983). He suggests that as the firm waits to 

invest, more information regarding oil prices is revealed to the firm. Waiting for more 

information reduces the level of uncertainty and increases the chance of making the 

right decision (Henriques & Sadorsky 2011).  But, when a firm forgoes the option to 

invest early, it gives up the potential payoff from immediate production.  

5.2.3 Drilling and investment 

Oil and gas reserves are stored in geological formations known as ‘fields’, which are 

located beneath the surface (Kellogg 2011). Oil and gas firms extract the reserves by 

drilling wells into the fields. While the use of seismic technology has improved the 

estimation of recoverable reserves (Yergin 2011), there is still some uncertainty 

associated with drilling wells as the quantity of recoverable reserves is ambiguous. The 

upfront cost of drilling is not recoverable and so the act of drilling itself is an 

irreversible investment decision (Kellogg 2014).   

Drilling data has been used in the finance and economics literature in a range of areas, 

including the reaction of oilrig activity to oil price changes (Ringlund et al. 2008), 
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measuring firm investment activity in the natural gas industry (Gilje & Taillard 2012), 

and the impact of uncertainty on investment (Kellogg 2014).  

Ringlund et al. (2008) find that the level of oil drilling activity in the U.S. and Canada 

responds rapidly to changes in oil prices though, this reaction is stronger and faster in 

Canada than in the U.S. In another study, which is similar in nature to our analysis, 

Kellogg (2014) uses drilling data from the last stage of drilling (following both the 

exploration and the development stages). Using implied volatility as a proxy for 

expected price volatility, Kellogg (2014) investigates the extent to which firm 

investment decisions are sensitive to oil price volatility. Consistent with real option 

effects, Kellogg (2014) documents a negative relation between firm level investment 

activity and oil price volatility.  In this study I explore the impact of the exercise of real 

options, using drilling activity as a proxy, on the relation that exists between volatility 

and share returns  

5.3 Hypotheses 

According to real options theory, the value of an option is an increasing function of the 

volatility of the underlying asset (Galai & Masulis 1976; McDonald & Siegel 1986). In 

the case of the oil and gas industry, firms have numerous options, including options to 

explore and to develop reserves. The development option reflects the process of 

converting undeveloped proven reserves into developed proven reserves (Paddock et al. 

1988). Using undeveloped reserves as a proxy for real options, Dixit and Pindyck 

(1995) argue that developing a reserve is similar to a call option, whereby the exercise 

price is the development cost. Thus, the higher the volatility of oil prices, the more 

valuable the option to wait and so the greater the incentive for the firm to delay 

development of undeveloped reserves. Consequently, there is a positive relation 
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between the value of the firm and the volatility of oil prices for firms that hold a high 

level of real options (Dixit & Pindyck 1995; Grullon et al. 2012). 

While previous theoretical (Dixit & Pindyck 1995) and empirical (Grullon et al. 2012) 

studies use undeveloped reserves as a proxy for real option values, this study uses the 

level of active drilling as a proxy for the exercise of real options. The higher the 

volatility of the underlying oil or gas prices, the greater the value to the firm of waiting 

to exercise exploration or development option. This is because as oil price volatility 

increases, the value of these options increase and so too does the cost of exercising these 

options. Further, the exercise of real options will lead to a decrease in the positive 

relation between firm value and underlying price volatility. The intuition is as follows: a 

firm with few options has less flexibility in terms of investment, and less investment 

flexibility decreases the convexity of firm value with respect to the underlying asset 

(Grullon et al. 2012). Hence, an interaction term between oil price volatility and the 

level of exercised real options is used to capture this complex relationship. This gives 

rise to the following hypothesis: 

H1A: The relation between oil price volatility and firm value is decreasing with the 

exercise of real options (i.e. the level of active drilling). 

Previous studies generally use crude oil price volatility as a measure of uncertainty in 

oil and gas investments (Pindyck 1991; Dixit & Pindyck 1994; Henriques & Sadorsky 

2011; Grullon et al. 2012). However, there has been considerable variation in natural 

gas prices over the past few years. The recent developments in shale gas resources in the 

U.S. have changed the landscape of the energy market (Yergin 2011) and moreover, the 

importance of drilling activity for natural gas has more recently been cited in the 

literature (Gilje & Taillard 2012). Therefore, I use the volatility of natural gas prices as 
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a proxy for underlying asset volatility to test the real option effects of natural gas 

exploration drilling. This results in the following hypothesis: 

H1B: The relation between gas price volatility and firm value is decreasing with the 

exercise of real options.   

In practice, when a firm exercises the option to explore, it is exposed to two 

uncertainties: geological uncertainty and the asset price volatility (Cortazar et al. 2001). 

Since it is expected that less geological uncertainty is attached to the development stage 

compared with the exploration stage, underlying asset volatility is relatively more 

important in valuation of development options rather than exploration options. In effect, 

the exploration option is similar to a compound option (comprising of two stages, the 

option to explore and the option to develop) while the development option involves just 

one decision.46 As the value of the compound exploration option is at least equal to the 

value of the single development option, it is likely that in periods of high volatility, firm 

value is more sensitive to the exercise of compound options (active exploration drilling) 

than single options (active development drilling). It is important to note that 

development drilling is relatively predictable, whereas exploration drilling may have a 

large component related to investigating the specific geology of the reserves. While this 

is unrelated to price uncertainty, this important aspect of development drilling does not 

preclude the fundamental compound nature of this option. Consistent with compound 

option theory, this gives rise to our final hypothesis:  

H2: The relation between firm value and underlying price volatility is expected to be 

more sensitive to the exercise of an exploration option than a development option.  

46 The valuation of compound options is developed extensively in the literature (Geske 1979; Geske & 
Johnson 1984; Carr 1988). 
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5.4 Data 

The drilling data used in our study is obtained from the Smith Bits Schlumberger 

drilling count webpage.47 This database reports the weekly active drilling rig data for 

the U.S. and Canada from 1997 to 2012 and it identifies whether the well is essentially a 

gas well or an oil well. The level of weekly drilling activity is converted to monthly 

drilling activity to give the rate of drilling per month separately for oil wells and for gas 

wells.  

I focus on domestic firms in the U.S. and Canada ensures that firms in the sample are 

governed by similar regulations and exhibit similar institutional features.48 For example, 

the U.S. and Canadian governments impose drilling regulations for domestic and 

international firms which are reasonably consistent between the two nations. The level 

of weekly drilling activity is summed to give monthly drilling activity.   

The monthly and daily crude oil and natural gas prices are obtained from the U.S. 

Energy Information Administration (EIA).49 The West Texas Intermediate (WTI) 

closest-to-maturity futures contract prices and the Henry Hub natural gas closest-to-

maturity futures contract prices (NYMEX) are used as proxies for crude oil and natural 

gas prices, respectively.50 The quantities of proven, developed proven and undeveloped 

proven reserves are obtained from Compustat and the IHS Herold financial and 

operational database. The risk free rate is equal to the one-month U.S. Treasury bill 

47 This database has been used previously to measure the investment activity of the firms in the natural 
gas industry (Gilje & Taillard 2012). Webpage: http://www.smithprodserv.com/%24ca88deed-1360-
463d-a271-5b959eb7fb87. 
48 Elder and Serletis (2009, 2010) found a similar response to changes in oil price volatility in both the 
U.S. and Canada. 
49 See http://www.eia.doe.gov. 
50 Grullon et al. (2012) use Brent crude oil as a measure of crude oil prices. Given that this study is 
restricted to oil and gas firms in the U.S. and Canada, the WTI closest-to-maturity crude oil future prices 
are used to calculate oil returns and oil return volatility. 
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yield as provided by Kenneth French.51 The Compustat historical segment database is 

used to obtain firm geographical location and business segment information,52 and 

financial data is obtained from the merged CRSP/Compustat database. 

The process of sample selection is as follows. Oil and gas firms with the first two digits 

(SIC code 13) are obtained from the merged CRSP/Compustat database and the 

integrated oil and gas firms with the first two digits (SIC code 29) are excluded (as their 

assets are diversified over various segments and locations). Further, the oil and gas 

firms need to meet the following criteria: first, business segments of the firms in the 

sample are checked against disclosures provided in SEC Edgar 10-K reports. The 

geographical segments of the firm should be limited to North America, with the 

Computat historical segment database used to validate the operational and geographical 

segments of the firms. The oil and gas firms must also have operational activity only in 

the U.S. and Canada and only in the upstream sector. This ensures that the firms focus 

on the exploration, development and production of crude oil and natural gas. 

Second, firms in the Smith Bits Schlumberger drilling database are matched with the 

firms remaining in the sample. The database identifies the name of the drilling well 

owner either as the company name or the name of the operator for the well. To avoid 

double counting, the procedure by Gilje and Taillard (2012) who included the drilling 

activity of a subsidiary within the drilling activity of the parent firm. To this end, 

subsidiaries are identified for each firm using SEC Edgar 10-K reports, the Mergent 

online database and Factiva. The number of subsidiaries allocated to parent firms in the 

sample ranges from 1 to 6. Note that the name of the firms in the Smith Bits 

Schlumberger drilling database often provide only a partial match with the name of the 

firms held in the CRSP/COMPUSTAT database. In these ambiguous cases, Factiva 

51 See http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 
52 The SEC Edgar 10-k reports are also used to validate the business and geographical segments of firms 
in the sample. 
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searches are relied upon to identify the firms based on the well name, well location and 

other specifications to carefully match subsidiary firms with parent firms.53 Then, I 

identify the subsidiaries of the firms in the drilling database and match them with their 

parent company to provide a consolidated drilling activity measure. 

After matching the data, various constraints are imposed on the observations in the 

drilling database. First, the data is limited to the wells, which are specified as being an 

exploration and development well type. Indeed, I use measures of both exploration and 

development drilling activity, as the level of information asymmetry can differ 

substantially across these two stages as is evident from chapter 3 and 4 and is also noted 

in the literature (Paddock et al. 1988). Second, the data is restricted to oil or gas wells as 

defined by as defined by Smith Bits Schlumberger.54 Other exploration and 

development wells such as those used in rigging up and rigging down are excluded. 

Table 5-1 shows the sample selection process for the firms in the sample. 

 

 

 

 

 

 

 

53 The difficulty of matching the Smith Bits Schlumberger drilling database with other data sets has been 
noted in the literature (Kellogg 2011). 
54 While an individual well may produce both oil and gas I rely on Smith Bits Schlumberger to identify 
the primary output from the well. 
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Table 5-1 Description of Sample (1997-2012) 

The level of active drilling is identified from the Schlumberger Smith Bits database 
(SCHLUMBERGER). Drilling activity is constrained to exploration and development type wells of oil 
and gas reserves. 
  

  
Number of firms remaining 

Oil Gas 

 
U.S. and Canadian oil and gas firms with only 
domestic assets in Compustat.Segment (two digit SIC 
code=13).   

481 481 

   
Match with Schlumberger Smith Bits drilling 
database: restrict sample to firms with only 
exploration and development drilling well type.  

181 181 

  

 
Match firms with CRSP/COMPUSTAT and Herold. 144 144 

 
Exclude firms with insufficient data in COMPUSTAT 
and Herold.  95 (oil) 102 (gas) 

  
Final Sample for analysis 95 (oil) 102 (gas) 

 

Our sample consists of 95 oil firms and 102 gas firms, and includes 8,239 firm-month 

observations for oil firms and 9,150 firm-month observations for gas firms between 

1997 and 2012 (see Table 5-2). The 15 year period includes periods of sharp changes in 

both natural gas and crude oil prices. For example, the natural gas closest-to-maturity 

futures contract (NYMEX) price increased from $1.62 in February 1999 to $15.37 in 

December 2005, before decreasing to $1.90 in April 2012.   
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Table 5-2 Frequency of oil and gas firm-month observations (1997-2012) 

Year Oil  Gas 

Frequency  Percent Frequency Percent 

1997 462 5.61 
 

510 5.57 

1998 534 6.48 
 

582 6.36 

1999 463 5.62 
 

513 5.61 

2000 483 5.86 
 

560 6.12 

2001 490 5.95 
 

561 6.13 

2002 545 6.61 
 

572 6.25 

2003 538 6.53 
 

551 6.02 

2004 509 6.18 
 

551 6.02 

2005 520 6.31 
 

532 5.81 

2006 504 6.12 
 

546 5.97 

2007 521 6.32 
 

605 6.61 

2008 625 7.59 
 

703 7.68 

2009 595 7.22 
 

699 7.64 

2010 520 6.31 
 

595 6.5 

2011 493 5.98 
 

593 6.48 

2012 437 5.3 
 

477 5.21 

 
8,239 100 

 
9,150 100 

 

Figure 5-1 illustrates the variation over time of drilling activity relative to prices. The 

overall trend in drilling activity is consistent with the movement in oil prices though the 

movement in drilling activity and oil prices differs during periods of high volatility, 

consistent with Kellogg (2014). While there is evidence of a dramatic increase in the 

level of active drilling from 2004, there is also a substantial decrease in drilling activity 

during the global financial crisis period around 2008. 
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Figure 5-1  Time series of active drilling and oil prices  

The left axis represents the number of active exploration and development drilling. Oil price (right 
vertical axis) refers to the closest to maturity futures contract.  

 
 

The choice of control variables in this study follows the asset pricing literature (Fama & 

French 1993; Grullon et al. 2012) with both firm specific and market wide factors 

included in our regression models. The firm specific variables include the natural log of 

the book-to-market ratio, the natural log of market value of equity, the returns over the 

previous six months, and liquidity. Consistent with Karpoff (1987), liquidity is defined 

in terms of trading volume scaled by the number of shares outstanding as at the end of 

the month. Size is estimated using the natural log of the equity value of the firm as at 

the end of June each year. To estimate the book-to-market ratio, book value is equal to 

the stockholders’ equity (Item SEQ) minus preferred stock (Item PSTKL) plus balance 

sheet deferred taxes and investment tax credits (Item TXDITC), with market value 

estimated using the equity value at the end of the financial year. Following the 
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procedure employed by Grullon et al. (2012), monthly returns from January to June of 

year 𝑡𝑡𝑦𝑦55 are matched with the accounting variables of year 𝑡𝑡𝑦𝑦 − 2. Further, the monthly 

returns from July to December of year 𝑡𝑡𝑦𝑦 are matched with the accounting variables of 

year𝑡𝑡𝑦𝑦 − 1. The previous six month returns are also calculated as buy-and-hold returns 

from months (𝑡𝑡𝑚𝑚 − 7) to (𝑡𝑡𝑚𝑚 − 2). The market wide factor captured by beta (𝛽𝛽𝑖𝑖𝑖𝑖𝑚𝑚) is 

obtained by regressing daily excess returns (𝑆𝑆𝑖𝑖,𝑑𝑑,𝑖𝑖𝑚𝑚 − 𝑆𝑆𝑓𝑓,𝑑𝑑,𝑖𝑖𝑚𝑚) on the daily value 

weighted market portfolio returns (𝑆𝑆𝑀𝑀,𝑑𝑑,𝑖𝑖𝑚𝑚 − 𝑆𝑆𝑓𝑓,𝑑𝑑,𝑖𝑖𝑚𝑚) for the month 𝑡𝑡𝑚𝑚 : 

 𝑆𝑆𝑖𝑖,𝑑𝑑,𝑖𝑖𝑚𝑚 − 𝑆𝑆𝑓𝑓,𝑑𝑑,𝑖𝑖𝑚𝑚 = 𝛼𝛼𝑖𝑖,𝑖𝑖𝑚𝑚 + 𝛽𝛽𝑖𝑖𝑖𝑖𝑚𝑚(𝑆𝑆𝑀𝑀,𝑑𝑑,𝑖𝑖𝑚𝑚 − 𝑆𝑆𝑓𝑓,𝑑𝑑 ,𝑖𝑖𝑚𝑚) + 𝜀𝜀𝑖𝑖 ,𝑑𝑑,𝑖𝑖𝑚𝑚                    (5.1) 

Discrete returns are used in this study to estimate oil returns while oil price volatility is 

measured using the standard deviation of daily oil price returns over the month. The 

change in volatility ∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖𝑚𝑚, is estimated by subtracting the previous month’s volatility 

estimate from the present volatility estimate: 

∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖𝑚𝑚 = 𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖𝑚𝑚 − 𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖𝑚𝑚−1                  (5.2) 

Descriptive statistics are reported in Table 5-3. Panel A of Table 5-3 reports the 

statistics of the sample of oil firms. The mean of the market wide factor, captured by 

beta, is close to 1. The dispersion of the level of active development drilling for oil in 

each month is greater than that of the level of active exploration drilling in each month. 

For the gas sample, the dispersion of the level of active exploration drilling exceeds that 

of the level of active development drilling. 

 

 

 

55 I use 𝑡𝑡𝑦𝑦  to refer to relative time in years, 𝑡𝑡𝑚𝑚  to refer to relative time in months and for  𝑡𝑡𝑑𝑑  to refer to 
relative time in days.   
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Table 5-3 Descriptive statistics 

This table reports the descriptive statistics for explanatory variables. The Market wide factor (𝜷𝜷𝒊𝒊𝒕𝒕)�  is 
equal to the beta estimated by regressing daily firm excess returns on CRSP value weighted market 
return. Size is the natural log of the equity value of the firm as at the end of June each year. Liquidity is 
the trading volume at each month scaled by the number of shares outstanding. Previous six month returns 
(lag 6 Months) are equal to the buy-and-hold returns from month (t-7) to (t-2). Book to Market ratio is 
estimated using book value (stockholders equity (Item SEQ) minus preferred stock (Item PSTKL) minus 
balance sheet deferred taxes and investment tax credit (Item TXDITC)) and scaled by the market value 
(equity value at the end of financial year). Monthly returns from January to June of year t are matched 
with the accounting variables of year t-2. Further, the monthly returns from July to December of year t are 
matched with the accounting variables of year t-1. The oil and natural gas return is the monthly relative 
change in crude oil and natural gas prices respectively. The volatility of crude oil and natural gas is the 
standard deviation of daily crude oil and natural gas returns within month (t). The change in volatility 
(∆𝑽𝑽𝑽𝑽𝑽𝑽𝒕𝒕) is estimated by subtracting the volatility at time (t-1) from time (t). The level of active 
exploration (EXPD) drilling and development (DEVD) drilling is equal to the total number of active 
exploration and development wells being drilled per month. PROP is firm undeveloped proven reserve 
divided by the firm proven reserve.   

Variable N Mean Median Min Max Sd 
Panel 1  Oil descriptive statistics 

      Market wide factor (𝛽𝛽𝑖𝑖𝑡𝑡)� 8,239 0.991 0.962 -6.224 8.362 1.060 
Log(equity value) 8,239 12.969 12.987 8.338 18.038 1.726 
Liquidity 8,239 2.021 1.382 0.008 20.448 2.064 
Lag 6 Months  8,239 -0.003 0.039 -3.476 2.671 0.443 
Log(B/M) 8,239 -0.565 -0.584 -3.724 3.057 0.696 
Oil Return 8,239 0.006 0.017 -0.312 0.202 0.089 
Oil Volatility 8,239 0.024 0.022 0.012 0.073 0.010 
∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖  8,239 0.000 -0.001 -0.018 0.027 0.006 
DEVD Oil 8,239 1.943 0.000 0.000 142.000 6.418 
EXPD Oil 8,239 0.310 0.000 0.000 28.000 1.290 
PROP 8,239 0.322 0.295 0.001 1.000 0.209 
Panel 2 Gas descriptive statistics             
Market wide factor  (𝛽𝛽𝑖𝑖𝑡𝑡)� 9,150 0.968 0.941 -6.224 9.373 1.084 
Log(equity value) 9,150 12.849 12.849 8.338 18.038 1.785 
Liquidity 9,150 2.031 1.302 0.008 106.913 2.721 
Lag 6 Months 9,150 -0.005 0.035 -3.476 2.671 0.449 
Log(B/M) 9,150 -0.594 -0.593 -3.724 3.057 0.711 
Gas Return 9,150 -0.001 -0.004 -0.396 0.406 0.130 
Gas Volatility 9,150 0.036 0.032 0.015 0.090 0.014 
∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖  9,150 0.000 0.000 -0.067 0.047 0.012 
DEVD GAS 9,150 1.399 0.000 0.000 82.000 5.468 
EXPD GAS 9,150 5.937 1.000 0.000 200.000 17.780 
PROP 9,150 0.315 0.285 0.000 0.959 0.188 
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A matrix of Spearman rank correlation coefficients for the explanatory variables is 

reported in Table 5-4. The level of active exploration drilling and the level of active 

development drilling are correlated positively, with a correlation coefficient of 0.42. 

The proportion of undeveloped reserves is more highly correlated with the level of 

development drilling than with the level of exploration drilling.  
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Table 5-4 Spearman rank correlation coefficients 

Panel A Oil firms      

 

Market 
wide factor 
(𝛽𝛽𝑖𝑖𝑡𝑡)� 

Log 
(Equity 
Value) 

Liquidity Lag 6 
Months Log(B/M) Commodity 

Return 
Commodity 
Volatility ∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖  DEVD  EXPD  

Log(Equity Value) 0.3552*** 
         Liquidity 0.4455*** 0.4986*** 

        Lag 6 Months  -0.0182 -0.0161 0.0617*** 
       Log(B/M) -0.0159 -0.1361*** 0.0127 0.1586*** 

      Oil Return -0.0115 0.0068 0.0144 -0.0038 0.0338 
     Oil Volatility -0.1110*** -0.0830*** -0.0937*** -0.1412*** -0.0146 -0.1934*** 

    Delta Volatility -0.0478*** -0.0142 0.0003 0.0349*** 0.0104 -0.3359*** 0.357*** 
   DEVD Oil 0.1872*** 0.4364*** 0.2394*** 0.0364*** -0.0163 -0.0469*** -0.1295*** 0.0128 

  EXPD Oil 0.1258*** 0.3072*** 0.2158*** -0.0055 -0.003 -0.0432*** -0.0933*** 0.0149 0.4259*** 
 Prop 0.1804*** 0.1183*** 0.2471*** -0.0065 -0.0994*** 0.0025 -0.0633*** -0.0003 0.1231*** 0.0841*** 

Panel B Gas firms      

Log(Equity Value) 0.3508*** 
         Liquidity 0.4390*** 0.4928*** 

        Lag 6 Months -0.0163 -0.0099 0.0720*** 
       Log(B/M) -0.0223 -0.1503*** -0.0027 0.1495*** 

      Gas Return -0.0686*** -0.0653*** -0.0475*** -0.0153 0.0181 
     Gas Volatility -0.0020 -0.0527*** -0.0910*** -0.0840*** -0.0220*** 0.0289*** 

    Delta Volatility  0.0131 0.0370*** 0.0363*** -0.0135 -0.0306*** 0.1811*** 0.3200*** 
   DEVD  0.1703*** 0.5583*** 0.3036*** 0.0485*** -0.0780*** -0.0357*** -0.0443*** 0.0134 

  EXPD 0.0973*** 0.3727*** 0.1834*** -0.0090 -0.0481*** -0.0391*** -0.0191 0.0133 0.5444*** 
 Prop 0.2652*** 0.2426*** 0.3409*** 0.0015 -0.1572*** -0.0343*** -0.0607*** 0.0103 0.2344*** 0.1364*** 

*** refers to 1% level of significance 
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5.5 Methodology 

Much of the literature has focused on the relation between oil prices and share returns 

(Nandha & Faff 2008; Narayan & Sharma 2011) though a recent study suggests a more 

complex relation due to the existence of real options (Grullon et al. 2012). I use a 

modified version of the model proposed by Grullon et al. (2012) in this analysis and I 

focus separately on the oil and gas drilling activity of the firm.. While Grullon et al. 

(2012) use undeveloped proven reserves (PROP) as a measure of unexercised real 

options, this study focuses on the level of exercised real options, as captured by the 

level of drilling activity. In the oil and gas industry, the exploration stage leads to the 

discovery of proven reserves which are undeveloped (Paddock et al. 1988; Reiss 1989). 

The development stage is then the process of converting these undeveloped reserves to 

developed reserves (Paddock et al. 1988). The monthly level of active exploration and 

development drilling provides a more direct measure of exercised real options for the 

group of firms identified as drilling for oil and for the group of firms identified as 

drilling for gas.56 This gives rise to our measure of drilling activity: 

𝐸𝐸𝐸𝐸𝑃𝑃𝑈𝑈𝑉𝑉𝐸𝐸𝐻𝐻𝑖𝑖𝑖𝑖= The number of oil exploration wells subject to active drilling at month t.  

The model used in the following analysis takes the following form: 

  𝑆𝑆𝑖𝑖,𝑖𝑖 − 𝑆𝑆𝑓𝑓,𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽𝑉𝑉𝐸𝐸𝐻𝐻𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖 + 𝜂𝜂𝐸𝐸𝐸𝐸𝑃𝑃𝑈𝑈𝑉𝑉𝐸𝐸𝐻𝐻𝑖𝑖𝑖𝑖𝑉𝑉𝐸𝐸𝐻𝐻𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖 + 𝜃𝜃𝑉𝑉𝐸𝐸𝐻𝐻𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖 + 𝛾𝛾𝛽𝛽𝚤𝚤𝑖𝑖�  

         +∑𝐶𝐶𝐸𝐸𝐴𝐴𝐻𝐻𝑉𝑉𝑖𝑖,𝑖𝑖 + 𝜙𝜙𝑃𝑃𝐴𝐴𝑉𝑉𝑃𝑃𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖       (5.3) 

where 𝑉𝑉𝐸𝐸𝐻𝐻𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖 is the monthly oil return volatility; 𝐸𝐸𝐸𝐸𝑃𝑃𝑈𝑈𝑉𝑉𝐸𝐸𝐻𝐻𝑖𝑖𝑖𝑖which is a proxy for 

exercised real options and is the number of exploration oil wells subject to active 

drilling; 𝑉𝑉𝐸𝐸𝐻𝐻𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖  is the monthly changes in oil prices;  𝛽𝛽𝚤𝚤𝑖𝑖�  captures the market-wide 

factor and is estimated using Equation (5.1); 𝐶𝐶𝐸𝐸𝐴𝐴𝐻𝐻𝑉𝑉𝑖𝑖,𝑖𝑖 refer to firm specific control 

56 Around 80% of the firms in the sample are identified by Smith Bits Schlumberger as drilling for oil and 
also drilling for gas.     
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variables including book-to-market ratio (B/M), size (LOGEV), liquidity and the firm’s 

lag returns (LAG6M); 𝑃𝑃𝐴𝐴𝑉𝑉𝑃𝑃𝑖𝑖𝑖𝑖 is the proportion of the firm’s undeveloped reserves and 

is defined as follows: 

𝑃𝑃𝐴𝐴𝑉𝑉𝑃𝑃𝑖𝑖𝑖𝑖 =  𝑢𝑢𝑛𝑛𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑑𝑑  𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑢𝑢
𝑃𝑃𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑛𝑛  𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑢𝑢

= 𝑃𝑃𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑛𝑛  𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑢𝑢−𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑑𝑑  𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑢𝑢
𝑃𝑃𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑛𝑛  𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑟𝑟𝑢𝑢𝑢𝑢

    (5.4) 

To test the real options effect of natural gas exploration drilling, gas returns and gas 

return volatility are substituted into Equation (5.3) of the final model for natural gas 

producers:  

𝑆𝑆𝑖𝑖,𝑖𝑖 − 𝑆𝑆𝑓𝑓,𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽𝛽𝛽𝐴𝐴𝑆𝑆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖 + 𝜂𝜂𝐸𝐸𝐸𝐸𝑃𝑃𝑈𝑈𝛽𝛽𝐴𝐴𝑆𝑆𝑖𝑖𝑖𝑖𝛽𝛽𝐴𝐴𝑆𝑆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖 + 𝜃𝜃𝛽𝛽𝐴𝐴𝑆𝑆𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖 + 𝛾𝛾𝛽𝛽𝚤𝚤𝑖𝑖� 

           +∑𝐶𝐶𝐸𝐸𝐴𝐴𝐻𝐻𝑉𝑉𝑖𝑖,𝑖𝑖 +𝜙𝜙𝑃𝑃𝐴𝐴𝑉𝑉𝑃𝑃𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖       (5.5) 

where 𝐸𝐸𝐸𝐸𝑃𝑃𝑈𝑈𝛽𝛽𝐴𝐴𝑆𝑆𝑖𝑖𝑖𝑖  is defined as the number of exploration gas wells subject to active 

drilling at month t.    

5.6 Empirical results 

5.6.1 Drilling activity, volatility and real options  

Using panels of domestic North American (U.S. and Canada) oil and gas firms, monthly 

firm excess return is regressed on monthly return on the underlying commodity, the 

monthly underlying asset volatility (oil or gas), change in volatility and control 

variables. Following Petersen (2009), robust standard errors clustered by firm are used 

in the statistical tests.57 Further, as the reaction of oil drilling activity to oil price 

changes in North America has been noted previously in the literature (Ringlund et al. 

2008), either oil or gas returns are also included in the model.  

57 Given the heterogeneity observed in oil prices over the time period of this study (See Figure 1), I run a 
separate analysis by utilising robust standard error clustered by time (year month) and firm. There were 
no material differences between the results reported in the chapter (clustered by firm) and two dimension 
clusters.  
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5.6.1.1 Oil firms 

An interaction variable is used to capture the real options effects of active exploration 

drilling on the relation between firm value and underlying return volatility (oil and gas). 

This provides a direct test of the first hypothesis proposed in Section 5.3. According to 

Table 5-5, the coefficient of the interaction term between volatility and drilling activity 

(EXPDOIL*OILVOL) is negative and statistically significant. This implies that the 

relation between crude oil price volatility and firm value is decreasing with the level of 

active exploration drilling. In other words, consistent with real options theory, as real 

options are exercised the positive relation between firm value and underlying volatility 

decreases in magnitude. As such, a firm may be better off delaying the exploration of 

real options in times of high volatility, as there is a greater value attached to waiting and 

leaving the options unexercised.  
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Table 5-5 Regression results using the oil firm sample 

This table provides regression results of oil and gas firm excess returns on the market factor (𝛽𝛽𝚤𝚤𝑖𝑖� ), the 
natural log of the market value of equity (LOGEV), monthly trading volume scaled by the number of 
shares outstanding (LIQUIDITY), buy and hold return over the past 6 months (LAG6M), the natural log 
of book to market ratio (LOGB/M), monthly oil return (OILRET), monthly oil volatility (OILVOL), 
monthly changes in oil volatility (∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖), the level of active exploration drilling per month (EXPDOIL), 
the proportion of the firm undeveloped reserve (PROP) and the interaction variables. The volatility of 
crude oil and natural gas is the standard deviation of daily crude oil and natural gas returns within month 
(t).The sample period begins 1997 through to the end of 2012. Standard errors are robust clustered by 
firm and placed in parenthesis below the estimated coefficients. The ***, ** and * refer to significance at 
the 1%, 5% and 10% levels, respectively. 

 1 2 3 4 

     
α 0.0835*** 0.0822*** 0.0569*** 0.0616*** 

 
(0.0215) (0.0214) (0.0198) (0.0193) 

𝛽𝛽𝚤𝚤𝑖𝑖�  0.0004 0.0005 0.0012 0.0013 

 
(0.0024) (0.0024) (0.0024) (0.0024) 

LOGEV -0.0038** -0.0038** -0.0040** -0.0044*** 

 
(0.0017) (0.0017) (0.0017) (0.0017) 

LIQUIDITY 0.0054*** 0.0054*** 0.0051*** 0.0050*** 

 
(0.0019) (0.0019) (0.0019) (0.0019) 

LAG6M -0.0069 -0.0067 0.0018 0.0017 

 
(0.0061) (0.0061) (0.0049) (0.005) 

LOG(B/M) 0.0083** 0.0083** 0.0080** 0.0079** 

 
(0.0033) (0.0033) (0.0032) (0.0032) 

OILRET 0.4935*** 0.4934*** 0.5708*** 0.5719*** 

 
(0.0291) (0.0291) (0.0276) (0.0276) 

OILVOL -1.1936* -1.1359*** 
  

 
(0.2199) (0.2212) 

  ∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖  
  

1.0193*** 1.0663*** 

   
(0.331) (0.3458) 

EXPDOIL -0.0025*** 
 

-0.0021*** 
 

 
(0.0008) 

 
(0.0008) 

 PROP -0.0135 -0.0138 -0.0118 -0.0122 

 
(0.0096) (0.0097) (0.0094) (0.0094) 

EXPDOIL*OILVOL 
 

-0.1066* 
  

  
(0.0556) 

  EXPDOIL*∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖  
   

-0.1242 

    
(0.0811) 

Adjusted R2 0.0822 0.0822 0.0799 0.0798 
 N 8239 8239 8239 8239 
P> F-Stat 0.0000 0.0000 0.0000 0.0000 

 

While the coefficient of the past six months return is not significant (LAG6M), the 

coefficient of liquidity is positive and significant. This is consistent with Cooper et al. 

(2008), who argue that the coefficient on the past six months return is sensitive to the 
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choice of other explanatory variables. The coefficients for the book-to-market ratio, 

size, oil returns and changes in oil return volatility follow those reported by Grullon et 

al. (2012), with significant positive coefficients for the book-to-market ratio, oil return 

and changes in volatility and a significant negative coefficient for size.58  

Two measures of volatility are used to capture the level of uncertainty of investments in 

the oil and gas industry. While Grullon et al. (2012) use only changes in volatility as a 

measure of uncertainty, I use both volatility  in level (Column 1 & 2) and changes in 

volatility (Column 3 & 4) as proxies for uncertainty. Note that while coefficients for 

both volatility and changes in volatility are significant, the coefficients sign varies.   

Further, the sign of the interaction term coefficient (Column 2 & 4) is not sensitive to 

the choice of volatility measure though the coefficient becomes significant only when 

volatility (EXPDOIL*OILVOL), rather than change in volatility (EXPDOIL*∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖), is used 

as a measure of uncertainty (See column 2 & 4 in Table 5-5).59 Overall, the result 

supports H1A hypothesis.  

5.6.1.2 Gas firms 

Table 5-6 reports the regression results for gas firms. Gas firms have played a key role 

in the energy market over the last decade (Medlock et al. 2011), with previous studies 

using oil volatility of the underlying asset in tests of oil and gas investments (Pindyck 

1991; Dixit and Pindyck 1994). In particular, Grullon et al. (2012) use the change in oil 

volatility as a proxy for volatility of the underlying assets in tests of real option effects 

58 As a robustness check, the natural log of firm total assets (Item AT) is also used as a proxy for size and 
the result is consistent with the results reported here.  
59 Grullon et al. (2012) document that the proportion of firm undeveloped reserves explains the relation 
between firm returns and oil return volatility. Therefore in this current study, I use a control variable to 
control for unexercised real options using the proportion of firm undeveloped proven reserves (PROP). 
This variable is to proxy for the level of unexercised development options held by the firm. However, 
inconsistent with Grullon et al. (2012), I find no evidence of significance of this variable in our extended 
model.   
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for undeveloped proven gas reserves. In this study, both gas volatility and change in 

gasvolatility are used as proxies for the volatility of underlying asset for gas producers. 

Further, the coefficient for the volatility and drilling activity interaction term is negative 

and significant, regardless of the volatility measure chosen. Consistent with the results 

obtained for the oil drilling group, I find the relation between natural gas return 

volatility and firm value is decreasing with the exercise of real options (See Column 2 

& 4 in Table 5-6). This is consistent with H1B hypothesis. 
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Table 5-6 Regression results using the gas firm sample  

This table provides regressions of oil and gas firm excess returns on the market factor (𝛽𝛽𝚤𝚤𝑖𝑖� ), the natural 
log of the market value of equity (LOGEV), monthly trading volume scaled by the number of shares 
outstanding (Liquidity), buy and hold return over the past 6 months (LAG6M), the natural log of book to 
market ratio (LOGB/M), monthly gas return (GASRET), monthly gas volatility (GASVOL), monthly 
changes in gas volatility (∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖), the level of active exploration drilling per month (EXPDGAS), the 
proportion of the firm undeveloped reserve (PROP) and the interaction variables. The sample period 
begins 1997 through to the end of 2012. Standard errors are robust clustered by firm and replaced in 
parenthesis below the estimated coefficients. The ***, ** and * refer to significance at the 1%, 5% and 
10% levels, respectively. 

 1 2 3 4 

     
α 0.0527*** 0.0511*** 0.0633*** 0.0672*** 

 
(0.019) (0.0191) (0.019) (0.0176) 

𝛽𝛽𝚤𝚤𝑖𝑖�  0.0011 0.0011 0.0011 0.0012 

 
(0.0028) (0.0028) (0.0028) (0.0028) 

LOGEV -0.0044*** -0.0043** -0.0045*** -0.0049*** 

 
(0.0017) (0.0016) (0.0017) (0.0015) 

LIQUIDITY 0.0074*** 0.0074*** 0.0072*** 0.0072*** 

 
(0.0017) (0.0017) (0.0017) (0.0017) 

LAG6M -0.0055 -0.0056 -0.0058 -0.0058 

 
(0.0049) (0.0049) (0.0049) (0.0049) 

LOG(B/M) 0.0080** 0.0080** 0.0081** 0.0078** 

 
(0.0034) (0.0034) (0.0034) (0.0034) 

GASRET 0.3106*** 0.3107*** 0.3009*** 0.3001*** 

 
(0.0184) (0.0184) (0.0175) (0.0174) 

GASVOL 0.2243** 0.2374**   

 
(0.0968) (0.0966)   

∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖    0.6260*** 0.6775*** 

 
  (0.1447) (0.1495) 

EXPDGAS -0.0003  -0.0003  

 
(0.0002)  (0.0002)  

PROP -0.011 -0.0109 -0.0113 -0.0118 

 
(0.0115) (0.0115) (0.0115) (0.0116) 

EXPDGAS*GASVOL  -0.0124**   

 
 (0.0056)   

EXPDGAS*∆𝑉𝑉𝑉𝑉𝐻𝐻𝑖𝑖     -0.0514** 

 
   (0.0239) 

Adjusted R2 0.063 0.0621 0.0643 0.0634 
 N 9150 9150 9150 9150 
P> F-Stat 0.0000 0.0000 0.0000 0.0000 
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Different regressions are run for oil and gas firms to differentiate and highlight the 

impact of active exploration drilling and active development drilling, and determine the 

importance of the compound option in the exploration drilling decision. The first two 

regressions in Table 5-7 for oil and gas firms reflect the correlation between active 

drilling and firm value when only one of the drilling interaction terms is used in the 

regression. In this case, the coefficient for the interaction term for the level of active 

exploration drilling and volatility is negative and significant at the 10% level for the oil 

firm sample, while it is negative and significant (EXPD*VOL)60 at the 5% level for the 

gas firm sample. This is consistent with the real option effect being more apparent in the 

gas firm sample as noted above.  

The third regression from the oil and gas samples includes interaction terms for both 

active exploration drilling with volatility (EXPD*VOL) and active development drilling 

with volatility (DEVD*VOL). While the coefficient for the interaction of exploration 

drilling and volatility (EXPD*VOL) is negative and significant, the coefficient for 

development drilling and volatility (DEVD*VOL) is positive and insignificant for the 

oil sample and positive and significant for the gas sample. This reflects important 

differences in the impact of exercising compound options at the exploration stage 

relative to exercising simpler options at the development stage. This is consistent with 

the notion that the value of compound option associated with exploration is at least 

equal in value to the development option which can only be exercised once exploration 

has been completed. Further, an F-test is used to gauge whether the exploration drilling 

interaction term (EXPD*VOL) is significantly different from the development drilling 

interaction term (DEVD*VOL). I find that these two interaction terms are significantly 

different from each other, which is consistent with the compound options argument and 

Hypothesis 2. 

60 EXPD and DEVD refers to the number of exploration and development wells subject to active drilling 
per month.  
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Table 5-7 Exploration drilling versus development drilling 

This table provides regressions of oil and gas firm excess returns on the market factor (𝛽𝛽𝚤𝚤𝑖𝑖� ), the natural 
log of the market value of equity (LOGEV), monthly trading volume scaled by the number of shares 
outstanding (Liquidity), buy and hold return over the past 6 months (LAG6M), the natural log of book to 
market ratio (LOGBM), monthly oil/gas return (COMMRET), monthly oil/gas volatility (COMMVOL), 
the level of active exploration drilling per month (EXPD), the level of active development drilling per 
month (DEVD), the proportion of the firm undeveloped reserve (PROP) and the interaction variables. The 
sample period begins 1997 through to the end of 2012. Standard errors are robust clustered by firm and 
replaced in parenthesis below the estimated coefficients. The ***, ** and * refer to significance at the 
1%, 5% and 10% levels, respectively. 

  Oil Gas 
1 2 3  1 2 3 

        
α 0.0778*** 0.0886*** 0.0858***  0.0493** 0.0605*** 0.0627*** 

 
(0.0203) (0.0222) (0.0222)  (0.0190) (0.0192) (0.0192) 

𝛽𝛽𝚤𝚤𝑖𝑖�  0.0003 0.0005 0.0005  0.0008 0.0014 0.0014 

 
(0.0024) (0.0024) (0.0024)  (0.0028) (0.0028) (0.0028) 

LOGEV -0.0037** -0.0042** -0.0041**  -0.0044*** -0.0050*** -0.0052*** 

 
(0.0016) (0.0018) (0.0018)  (0.0016) (0.0017) (0.0017) 

Liquidity 0.0051*** 0.0053*** 0.0054***  0.0073*** 0.0073*** 0.0074*** 

 
(0.0018) (0.0019) (0.0019)  (0.0017) (0.0017) (0.0018) 

LAG6M -0.0066 -0.0069 -0.0066  -0.0056 -0.0056 -0.0059 

 
(0.0061) (0.0062) (0.0061)  (0.0049) (0.0049) (0.0049) 

Log(B/M) 0.0087*** 0.0082** 0.0082**  0.0085*** 0.0076** 0.0079** 

 
(0.0033) (0.0033) (0.0033)  (0.0032) (0.0034) (0.0033) 

COMMRET 0.4937*** 0.4953*** 0.4941***  0.3108*** 0.3106*** 0.3107*** 

 
(0.0291) (0.029) (0.029)  (0.0184) (0.0184) (0.0184) 

COMMVOL -1.1244*** -1.1772*** -1.1259***  0.2435** 0.2175** 0.2069** 

 
(0.2206) (0.2186) (0.2212)  (0.0963) (0.0986) (0.1001) 

Prop  -0.0138 -0.0143   -0.0115 -0.0109 

  (0.0097) (0.0097)   (0.0117) (0.0114) 

EXPD*VOL -0.1066*  -0.1400**  -0.0129**  -0.0394*** 

 (0.0559)  (0.0699)  (0.0058)  (0.0100) 

DEVD*VOL  -0.0010 0.0186   0.0020 0.0106*** 

 
 (0.0163) (0.0163)   (0.0028) (0.0034) 

Adjusted R2 0.0830 0.0819 0.0822  0.0621 0.0620 0.0635 

 N 8239 8239 8239  9150 9150 9150 

P> F-Stat 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 

P> F-test diff   0.0466**    0.0002*** 
 

Exploration and development options provide different information for investors. 

Exploration drilling leads to discovery of proven reserves which may not be further 

developed. Development drilling converts undeveloped proven reserves to developed 
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proven reserves which provide value relevant information for investors. This is 

consistent with the variation in sign of the coefficients for exploration drilling and for 

development drilling in both the oil and the gas samples.  

There are some issues associated with the exercise of exploration and development 

options available to a firm. In the case of exploration and development options, the 

expiration effect could be important. For example, lease expiration could limit the 

ability of a firm to achieve the optimal exercise of its exploration or development 

option. Further, a firm may be limited in terms of the capacity of its drilling operations. 

While the expiration effect of the lease and the capacity of a firm’s drilling operations 

are plausible points to consider, these issues would tend to bias the analysis against 

finding a result because they would tend to reduce the value of the firm’s real options 

and thus decrease the impact of volatility on the returns of the oil and gas firm. 

5.6.2 Further analysis and robustness checks  

Table 5-8 shows that the relation between firm return and the level of active exploration 

drilling rigs initiated each month for each firm. I also conduct several robustness tests 

which are reported in Table 5-8. Instead of counting the number of monthly active 

drilling rigs, I utilise the number of drilling wells started per month, identified by the 

“spud date”, in the drilling data file. While the spud date captures the month in which 

the exploration option is initially exercised, it does not reflect the number of wells being 

actively drilled. Consistent with real options theory, the results show that there is a 

statistically significant negative relation between firm return and the interaction term 

between the level of exploration drilling initiated over the period and underlying asset 

volatility. This provides further insight into the impact of the firm’s decision to exercise 

a real option (to start drilling) on its value. 
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Table 5-8 Robustness tests — “Spud date” 

This table provides regressions of oil and gas firm excess returns on the market factor (𝛽𝛽𝚤𝚤𝑖𝑖� ), the natural 
log of the market value of equity (LOGEV), monthly trading volume scaled by the number of shares 
outstanding (Liquidity), buy and hold return over the past 6 months (LAG6M), the natural log of book to 
market ratio (LOGBM), monthly oil/gas return (COMMRET), monthly oil/gas volatility (COMMVOL), 
the proportion of the firm undeveloped reserve (PROP),  the level of active exploration drilling rigs 
initiated each month for each firm (SPUDEX), and the interaction of drilling rigs initiated each month and 
the monthly oil/gas volatility (SPUDEX*COMMVOL). The sample period begins 1997 through to the 
end of 2012. Standard errors are robust clustered by firm and replaced in parenthesis below the estimated 
coefficients. The ***, ** and * refer to significance at the 1%, 5% and 10% levels, respectively. 

 
Oil  Gas 

1 2  1 2 

      
α 0.1317* 0.1222  0.0159 0.0154 

 
(0.0681) (0.0762)  (0.0425) (0.0411) 

𝛽𝛽𝚤𝚤𝑖𝑖�  0.0122 0.0134  0.0021 0.0026 

 
(0.0079) (0.0083)  (0.0058) (0.0057) 

LOGEV -0.0091* -0.0076  -0.0016 -0.0004 

 
(0.0049) (0.005)  (0.0024) (0.0024) 

Liquidity 0.0055* 0.0059**  0.0032* 0.0036** 

 
(0.0031) (0.0028)  (0.0017) (0.0016) 

LAG6M -0.0318* -0.0315  -0.0085 -0.0101 

 
(0.0187) (0.0197)  (0.0092) (0.0092) 

Log(B/M) 0.0033 0.0003  0.0007 0.0004 

 
(0.0077) (0.0087)  (0.0074) (0.0071) 

COMMRET 0.6267*** 0.6257***  0.3676*** 0.3671*** 

 
(0.0861) (0.086)  (0.0307) (0.0308) 

COMMVOL -0.6191 -0.454  0.2075 0.2135 

 
(0.6044) (0.6849)  (0.2609) (0.2599) 

Prop  -0.0412   -0.0452* 

  (0.0502)   (0.0263) 

SPUDEX*COMMVOL  -0.1617*   -0.0151** 

 
 (0.0852)   (0.0071) 

Adjusted R2 0.1546 0.1568  0.063 0.0643 

 N 715 715 
 

1898 1898 

P> F-Stat 0.0000 0.0000 
 

0.0000 0.0000 
 

It is acknowledged that the linear model used in this study imposes the assumption that 

oil prices affect the share returns of an oil and gas firm in a linear manner. To check the 

impact of this assumption on the results, the analysis reported in Tables 5-5 and 5-6 is 
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repeated including both OILRET and OILRET squared. The findings from this 

extended model are essentially unchanged.   

5.7 Conclusion  

In this study, I investigate the role of real options in determining the strength of the 

relation between firm returns and underlying asset volatility for natural gas and crude 

oil firms. One innovation of this study is the use of a more direct proxy for the real 

option effects — the level of active drilling. This provides a measure of real option 

exercise. Furthermore, I examine the level of firm active exploration drilling, which 

could be thought of as a compound option with the right to explore followed by the 

right to develop, and the level of active development drilling which could be thought of 

as a single option with the right to develop. The results suggest that the relation between 

firm value and underlying asset volatility is decreasing with the exercise of real options. 

Moreover, given that the value of an exploration option should be at least equal to the 

value of a development option, I find that the value of the firm is more sensitive to 

exercised exploration real options than to exercised development real options. More 

broadly, this study highlights the important role of managerial decision-making in 

exercising the real options available to oil and gas firms in the U.S. and Canada.   
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Chapter 6 Summary 

6.1 Introduction 

The following section provides a summary of the key conclusions of this dissertation. 

Section 6.3 reports the implications and the contribution of this study to the existing 

literature and Section 6.4 lists some of the limitations and extensions of this study.  

6.2 Summary of findings 

This thesis examines four main aspects of the oil and gas firm investments. The first 

study investigates the market reaction to acquisition and divestiture of frontier 

technology and proven technology assets. The second study examines the information 

asymmetry around upstream investment announcements which includes acquisition of 

acreage and reserves. The third study deals with market reaction to the announcement of 

acquisition of acreage and reserves. Finally, the last study deals with the relation 

between underlying asset price volatility and firm value, with particular emphasis on the 

impact of real options. 

The results in the first study show that the market reaction is positive and statistically 

significant for the acquisition of proven technology resources. Further, it is observed 

that the market reacts more positively to announcement of the divestiture of frontier 

technology resources relative to proven technology resources. This is consistent with 

both the option based explanation and the focusing hypothesis explanation. Further, 

there is evidence of a positive wealth effect for matched proven technology resource 

acquirer and seller with greater wealth effect for small firms in the deal. In addition, 

portfolio analysis shows that there is no significant difference in the market reaction to 

firms which invest purely in either proven or frontier technology resources. This is 

consistent with efficient market hypothesis and shows that investors react to technology 
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related and non-technology related acquisition announcements rapidly and in an 

unbiased manner.  

In the second study, I investigate the existence and impact of information asymmetry 

around the announcement of open market acquisition of acreage and reserves using the 

bid-ask spread. In effect, the upstream sector within the oil and gas industry provides a 

natural experiment to examine the existence of information asymmetry. In this study, I 

find that the difference in bid-ask spread is significantly less around the announcement 

of the acquisition of reserves than to announcement of the acquisition of acreage. This is 

consistent with greater information asymmetry around the acquisition of acreage than 

the acquisition of reserves. It appears that market makers adjust spreads to compensate 

for the cost of trading with informed traders and this is particularly evident on 

announcement of acquisition of acreage which is subject to a greater level of 

information asymmetry. Overall, the results of this study support the existence of 

different level of information asymmetry as an explanation for why the spread around 

the announcements of acquisitions of reserves is significantly different from the spread 

around the announcements of acquisition of acreage. 

The third study documents that market reaction to acquisition of reserves is significantly 

greater than market reaction to the acquisition of acreage. An important contribution of 

this study is the identification of track record of successful exploration as an 

explanatory variable for the market response to acquisition announcements. This result 

suggests that the market reacts positively and significantly to the acquisition of acreage 

when a firm has history of successful exploration. It is also found that the market 

reaction to acquisitions of acreage is significantly less than the market reaction to 

acquisitions of reserves for firms with greater levels of reserve-to-production ratio, 

supporting the overinvestment hypothesis. Consistent with real option effects, it is 
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found that market reaction is greater for announcements of the acquisition of acreage 

than to acquisition of reserves when volatility of oil prices is high.  

The   study focuses on the impact of real options on equity returns. Using the level of 

active drilling as a direct proxy for real option effect, this study shows that the relation 

between underlying price volatility and firm value is decreasing with the exercise of real 

options.  Further, given the compound nature of exploration options, with exploration 

taking place before development, I find that the value of oil and gas firms is more 

sensitive to the exercise of exploration options than to exercise of development options. 

Finally, this study highlights the important role of managerial decision-making in 

exercising the real options available to oil and gas firms in the U.S. and Canada.   

6.3 Contribution and implications 

This thesis contributes to the existing literature by investigating investments of North 

American oil and gas firms. In the first study, I investigate the impact of acquisition and 

divestiture of proven technology and frontier technology resources announcements on 

the value of the firm. The contribution and implication of the first study is as follows: 

• Market reaction is positive and statistically significant for the acquisition of 

proven technology resources. 

• Market reaction to divestiture announcements of frontier resources is 

significantly greater than market reaction to divestiture announcement of proven 

technology resources.  

• Consistent with efficient market hypothesis, there is no significant difference in 

the market reaction to firms which invest purely in either proven or frontier 

technology resources. This study rejects the mispricing argument documented 

by Hirshleifer et al. (2013) and it shows that investors react to technology 
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related and non-technology related acquisition announcements in a similar 

manner in the oil and gas space.  

• While the difference in market reaction to announcement of acquisition of 

proven technology and frontier technology resources is not statistically 

significant, the magnitude of the difference is economically important. Indeed, 

the difference in market reaction observed is consistent with winner’s curse 

argument. 

• There is evidence of a positive wealth effect for matched proven technology 

resource acquirer and seller. 

• Market reaction to acquisition and divestiture of shale gas assets is positive and 

significant.  

• There is a variation in the market reaction to acquisition and divestiture of each 

subsector of frontier technology resources across the different periods.  

• Does the type of technology really matter in asset acquisition and divestiture? 

While the results observed for acquisition show that there is no statistically 

significant difference between market reaction to proven technology and frontier 

technology resources, there is a significant difference in market reaction to 

divestiture of proven technology and frontier technology resources.   

The study investigates the bid-ask spread around the announcement of acquisition of 

acreage and reserves by oil and gas firms. The contribution and implication of the 

second study is as follows: 

• The difference in bid-ask spread is significantly less around the announcement 

of the acquisition of reserves than to announcement of the acquisition of 

acreage. 
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• The result of the second study shows how market makers avoid potential loss 

associated with trading with informed traders. 

• The main implication from the second study for regulators and market 

participants is the evidence of considerable uncertainty around acquisition 

announcement date of acreage and reserves, even for quite sophisticated equity 

market participants. 

• This study adds to prior literature (Raman & Tripathy 1993; Boone 1998) which 

shows that reserve disclosures have strong explanatory power over bid-ask 

spreads. 

While previous studies investigate the exploration and development of oil and gas firms 

(McConnell & Muscarella 1985; Cortazar et al. 2001; Boyce & Nøstbakken 2011), little 

attention has been paid to open market acquisitions of acreage and reserves by oil and 

gas firms. The third study highlight the variation in market reaction to acquisition of 

acreage and reserves. The contribution and implication of the third study is as follows: 

• This study contributes to the literature by facilitating a test of the links that exist 

between share market reaction to capital acquisitions, information asymmetry, 

track record and real options. 

• Consistent with the signalling hypothesis, this study shows that the market 

reaction to the acquisition of reserves is greater than the share market reaction to 

the acquisition of acreage. 

• It highlights the importance of track record in exploration in explaining market 

response to acquisition of acreage and reserves. The results of the study provide 

evidence that investors pay attention to previous exploration success and they 

incorporate the track record when assessing future investments of oil and gas 

firms.  
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• Consistent with real options theory, this study shows that the market response to 

announcements of acreage acquisition is significantly greater when the volatility 

of oil prices is higher. 

• Consistent with overinvestment hypothesis, acquisition of acreage by firms with 

high levels of reserves generates a negative return for oil and gas firms. 

The last study focuses on the impact of underlying asset price volatility on firm value, 

and how this relation changes with the level of exercised real options. The contribution 

and implication of the third study is as follows: 

• One of the contribution of this study is the use of a more direct proxy for the real 

option effects — the level of active drilling. Indeed, this study adds to the 

literature through its focus on an actual drilling activity to proxy for exercised 

real options and the link between firm value and the volatility of oil prices. 

• Previous studies used the proportion of the firm undeveloped proven reserves as 

a proxy of unexercised real options (Dixit & Pindyck 1995; Grullon et al. 2012) 

and show that, for firms with more real options (more undeveloped reserves), 

higher underlying asset volatility is associated with higher returns. The present 

study shows that when the level of drilling activity decreases, maintaining 

higher levels of reserves, higher underlying asset volatility being associated with 

higher returns. 

• Consistent with compound option theory, this study shows that the value of the 

firm is more sensitive to exercised exploration real options than to exercised 

development real options. 

• The results of last study reveal the important role of managerial decision-making 

in exercising the real options available to firms. 
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In this dissertation, I utilise data from specialized oil and gas databases such as that 

provided by IHS Herold Inc and using well-established models and econometric 

techniques. Overall, this thesis enhances our understanding of the relation between oil 

and gas firm investments and their share prices as well as the link between real options 

and share prices.  

6.4 Limitation and extensions for future research  

6.4.1 Value of technology. 

One extension to this study is the inclusion of trading volume in the analysis of the 

variation in market reaction to announcement of acquisition and divestiture of proven 

technology and frontier technology resources. The impact of advances in information 

technology on the energy industry could also be further explored by observing its effect 

on trading volume. Trading volume is expected to be high when information is received 

by investors (Barber & Odean 2008). Analysis of trading volume could provide insight 

into the expectation of individual market participants while prices reflect “.... change in 

the expectation of the market as a whole” (Karpoff 1987). As the purpose of this study 

is to investigate how investors react to the acquisition of frontier and proven 

technologies, trading volume could be used to capture the expectation of individual 

investors. Another extension of this study is taking into account the importance of both 

oil and gas prices for shale resources. For example, there is often significant gas 

discovery even in the oil-bearing shales. Therefore, oil and gas prices need to be 

recognised for shales resources in further research.     

Even in oil-bearing shales there is often significant gas production.  Moreover, firms in 

shales produce both oil and gas, meaning the prices of each are relevant.  It is important 

to recognize this. The thesis focuses on gas when referring to shales, but that is not 

accurate. 
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One limitation of this study is lack of geographical location data for the resource type. 

Given that the geographical location of the asset reflects the geological play that is 

being entered, there could be considerable variation in productivity and cost across 

geological plays even within a resource type. 

6.4.2 Bid-ask spread 

There are two possible extensions to bid-ask spread study. First, instead of relying on 

the end of day bid-ask spread, intraday data could be used. Second, it may be possible to 

capture the adverse selection component of bid and ask spread and focus solely on this 

element of the spread (Collin-Dufresne & Fos 2012). 

6.4.3 Capital investments of oil and gas firms 

One of the limitations of this study is the lack of the transaction value, which acquirers 

actually paid for the assets or received on disinvestment. In fact, there were few deals 

with disclosed transaction value and this would reduce the sample substantially. 

Therefore, I relied on all deals reported regardless of the transaction value and I leave 

further analysis of transaction value effect for future research with more complex 

datasets.   

A useful extension to this study is the use of the location of the asset in the regression 

analysis. Previous firm level studies document evidence of considerable information 

asymmetry associated with offshore drilling in Gulf of Mexico (Hendricks & Porter 

1996). It is found that firms with private information about nearby leases tend to start 

developing their land and firms with a lack of information about the lease tend to wait 

to acquire more information by observing neighbouring leases. Hence, another 

extension of this study would be to include the distance of the asset from other similar 

assets owned by the same company. This would allow a further test of the impact of 

information asymmetry associated with each acreage acquisition as a firm that is 
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developing a lease may have superior information regarding the acreage surrounding 

that lease.  

Another possible extension of this study is to utilise the source of funding used in 

acquisitions. Acreage acquisition involves a high level of risk. Thus, firm managers may 

seek funding from equity holders, as lenders may not be willing to provide funding for 

these high risk assets. Yet, debt holders may be more willing to provide funding for 

reserves acquisition as these assets tend to be less risky. Thus, some of the cross 

sectional variation in market reaction to acquisition of acreage and reserves could be 

explained by the source of funding.  

6.4.4 Real options and the value of oil and gas firms  

One limitation of this final study in the thesis is the sample used for analysis. In this 

study, I rely on North American oil and gas firms which have operational activities in 

North America. One possible extension of this study is to expand the sample beyond the 

firms with operational activity in the US and Canada. It may also be feasible to include 

other resource based industries such as mining, as they share similar stages of 

exploration and development. 
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A Table appendices 

Table A-1 Description of variables. 

Item             

Size The total asset (Item AT) of the acquirer firm.  

 

Market to 

book ratio 

(MB) 

The acquirer firm market value to book value (Item AT). Market 

value is defined as total liability (Item LT) - Defered taxes and 

investment tax credit ( Item TXDITC) +Prefered stock liquidation 

value (Item PSTKL) + market value of equity (Items 

CSHO*PRCC_F)  

ROA The acquiring firm opertating income before  deprecitation (Item 

OIBDP) over total asset (AT).  

Leverage The acquirer firm total liability (Item LT) over total asset (Item AT). 

Age 

The age (AGE) of the firm is measured using the natural log of the 

number of years the firm has been listed on the stock exchange 
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Table A-2 The description of the oil and gas reserve variables. 
 
All of the reserve variables are based on the period of one one year prior to the announcement. Therefore, 
reserve variables are in public domain at the time of the announcement. 
 

Variable Definition Bloomberg IHS Herold  

Reserve 
production ratio 
(RPR) 

The reserve production ratio 
is the firm’s total proven 
reserves divided by the 
firm’s total production at the 
end of the year (Barrel of oil 
equivalent BOE). 
 

TOTAL_RESERVE_P
RODUCTION_RATIO 

Data item (88): 
Reserve/Production 
(R/P) Ratio: O&G 

Finding and 
discovery reserve 
replacement 
ratio(FD) 

This item measures the 
proportion of the company’s 
oil and gas reserves 
consumed by production that 
were replaced through 
improved recovery or new 
discoveries.     

F&D_RESERVE_REP
LACEMENT_BOE 
 

Data item (118): 1-Yr 
O&G@6/1 F&D 
Prod. Replacement, 
% 
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Table A-3 Examples of acquisition of acreage and reserve. 
  

Type Example 
Reserve 1. In 27th of April 2000, Southwestern Energy Company announced the 

acquisition of producing properties in the Overton Field in Smith 
County, Texas, from Total Fina Elf.  The transaction is valued at 
$6.5Million and includes approximately 7.5 BCFE of proved reserves. 
 
2. In 30th March 2009, Apache Corporation acquired nine producing 
Permian Basin oil and gas fields from Marathon Oil Corp. 
 
3. In 5th of Dec 1994, Louis Dreyfus Natural Gas acquired oil and gas 
reserves from a privately held company and an affiliated partnership 
for $19.4Million. 

Acreage 1. In 13th of Jan 2000, Harken Energy Corp. ("Harken") acquired nine 
exploration prospects covering approximately 51,000 net acres in 
Texas and Mississippi from Benz Energy Inc. 
 
2. In 21th of June 2001, Petro-Canada agreed to acquire a 25% interest 
in a undeveloped oil property in Libya from Lundin Oil AB for 
US$75Million in cash. 
 
3. In 5th of Nov 2007, Chesapeake Energy Corp. has agreed to acquire 
approximately 2,000 net undeveloped leasehold acres in the Barnett 
Shale play in Tarrant County, Texas, from Western Production 
Company. 

Source: Herold M&A database. 
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B. Data 

B.1 Introduction 

This chapter explains the process of identifying, verifying and preparing the data for the 

analysis conducted in the first three studies (Chapters two, three and four). Furthermore, 

it reviews the main databases used in the literature to collect asset and corporate level 

acquisitions data. The IHS Herold Inc61 database (Herold hereafter) is used in this study 

to obtain merger and acquisition data. To further strengthen the data, the Herold 

Mergers and Acquisition transactions were compared with the most common academic 

sources to study mergers and acquisitions, Thomson Reuters Securities Data 

Corporation (SDC). Accordingly, individual deals in Herold are matched against SDC 

to evaluate and validate the use of Herold data for academic research.   

Throughout this study the term asset acquisition and capital expenditure is used 

interchangeably. Capital expenditure corresponds to firm investment and asset 

purchases. Similarly, the corporate acquisition refers to mergers and acquisitions, which 

are regularly noted in the literature. Herold classifies each of the transactions to asset 

and corporate level acquisitions. Table B-1 shows the distribution of the asset and 

corporate level acquisitions.  The number of asset acquisitions far exceeds the number 

of corporate acquisitions. According to Herold data, asset acquisitions accounts for 

approximately 70% of the acquisitions in the energy industry.   

This study relies on the Herold industry classification. Herold defines industry based on 

the sector that represents the majority of transaction value.62 In other words, this 

classification relies on the industry sectors of the assets and corporations involved in the 

transaction. Furthermore, if one transaction represents more than one industry, the 

61 IHS Herold Inc , is an independent research company that specialize in the worldwide energy market 
(www.herold.com).  
62 IHS Herold Inc, line item definition (www.herold.com). 
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transactions is said to fall into the integrated/diversified energy sector. This approach 

has also been used previously in the literature (Wright & Gallun 2008). 

Table B-1 The frequency of Herold transactions based on the asset and corporate 
level acquisition. 
 Percent 
Asset   70.54 
  
Corporate 29.46 
  
Final Sample  100 

 
The organization of this chapter is as follows. The second section further explores 

different sources and classifications of the energy industry. The third section shows the 

importance of the time period selected for this study. The descriptions of the databases 

are reported in the fourth section. The fifth section addresses the process of preparing 

the dataset for analysis, followed by a conclusion in the last section.  

B.2 The classification of energy 

According to the U.S. Energy Information Administration (EIA)63, energy and natural 

resources are classified either as renewable or non-renewable. The major difference 

between renewable and non-renewable energy derives predominantly from the nature of 

the energy sources. As illustrated in figure one, the utility and hydrogen sector are 

classified as secondary energy sources since they are derived from either renewable or 

non-renewable energy sources. This graph also lists the final output of renewable and 

non-renewable energy sources. In this study, the terms fossil fuels, non-renewable and 

proven energy are used interchangeably, although fossil fuel energy is generally viewed 

as being part of the non-renewable energy resources group (Koroneos et al. 2003). 

Numerous industry classifications have been used in the literature to identify certain 

industries. Examples of this variety include the U.S. Standard Industry classification 

63 U.S Energy Information Administration ( http://www.eia.gov/energyexplained) 
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(SIC) (Jin & Jorion 2006), the North  American Industry Classification System 

(NAICS) (Krishnan & Press 2003) and the Global Industry Classification System 

(Gagnon & Andrew Karolyi 2010). Moreover, previous research further explores the 

importance of certain industry classifications on financial market research and the 

problems associated with them (Kahle & Walkling 1996; Bhojraj et al. 2003). In the 

same manner, financial research academics developed their own industry classification 

scheme to remove some of the problems associated with standard industry classification 

(Fama & French 1997).  
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Figure B-1 Categories of energy sources (EIA)64 

  

 

 

 

 

 

 

 

 

 

 

64 http://www.eia.gov/energyexplained 
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In the context of mergers and acquisitions, SIC codes were mainly used to identify firms 

in certain industries such as the pharmaceutical industry (Higgins & Rodriguez 2006). 

Yet, none of these classifications lists a comprehensive range of firms in the energy 

sector. For example, the problem of identifying firms in the renewable energy sector, as 

one of the sub-sectors of the energy market, is previously noted in the consolidation 

literature (Eisenbach et al. 2011). Given the complexity in classification, I choose to use 

Herold for the analysis used in this study. For example, practitioners in the market use 

the term proven and frontier technology resources when referring to the upstream 

sector. This refers to the conventional and non-conventional resources classified by 

Herold.  

Table B-2 illustrates the distribution of asset and corporate level acquisition within the 

whole energy industry. Herold includes transactions for the entire energy industry 

including upstream, downstream, coal, integrated, midstream, oilfield services and 

power. The upstream sector is associated with exploration, drilling and extraction of oil 

and gas. The midstream sector deals with the gathering and the processing of petroleum 

products. Downstream activity comprises refining, marketing and distribution (Wright 

& Gallun 2008). The upstream, midstream and downstream fall into a bigger group 

called exploration and production (E&P) which involves the whole process of finding, 

exploring, producing and selling oil and gas. Transactions dealing with drilling, 

offshore services, well services and tool rental fall into the oil field equipment and 

services category. Power and coal represent transactions in the utility and mining sector 

respectively. Alternative energy represents the transactions dealing with the renewable 

energy as well as nuclear energy. In this study, I focus on the oil and gas industry as it is 

the most important and complex subsector of the energy industry.  
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Table B-2 Herold industry classification 

Alternative energy sector involves renewable energy and nuclear sector. Coal sector represents the mining industry. Downstream refers to the distribution and 
marketing of petroleum products. Integrated is used when one transaction includes more than one industry, e.g. Upstream and Power. Midstream corresponds to 
gathering and processing of petroleum products. An oilfield services involves firms which provide drilling, well and offshore services. Power represents the utility 
sector. Upstream sector deals with exploration, development and production of petroleum products.  

 

Industry Asset acquisition Corporate acquisition 

Frequency Percentage Cumulative 
Frequency 

Cumulative 
Percent 

Frequency Percent Cumulative 
Frequency 

Cumulative 
Percent 

Alternative energy 951 5.59 951 5.59 569 8.01 569 8.01 

Coal 297 1.74 1248 7.33 166 2.34 735 10.34 

Downstream 1447 8.50 2695 15.83 957 13.46 1692 23.8 

Integrated 12 0.07 2707 15.90 32 0.45 1724 24.25 

Midstream 1157 6.80 3864 22.70 326 4.59 2050 28.84 

Oilfield services 1073 6.30 4937 29.01 1602 22.54 3652 51.38 

Power 1060 6.23 5997 35.23 678 9.54 4330 60.92 

Upstsream 11024 64.77 17021 100.00 2778 39.08 7108 100 
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B.3 The time period of the study 

This study investigates the asset and corporate level acquisitions in the energy industry 

from January 1989 to Aug 2011. The studies in chapter two used data from 1989 to 

2011 as financial data of the firms with deals in 1988 were not available. The study 

reported in chapter two and three spans the period from 1992 to 2011 because the 

reserve disclosures were not available prior to 1992 for the firms used in the study. To 

my knowledge, this thesis is the first study to cover acquisitions in the energy industry 

for more than 22 years. Previous studies of energy mergers and acquisitions used much 

smaller time periods. For instance, Byrd and Stammerjohan (1997) use a sample of oil 

and gas mergers and acquisitions from 1979 to 1985. The Table B-3 below summarises 

the time period and databases evident in the literature.  
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Table B-3 A review of the literature on capital expenditures and asset acquisition 
data. 

This section summarises the main literature on capital expenditure and asset acquisition. Capital 
expenditures announcements are extracted from the News Services (Panel A). Asset acquisitions and 
divestitures data are mainly obtained from SDC database (Panel B).  
 
Study Sample 

 

Databases 

Panel A.   Capital expenditures  

McConnel and Muscarella 

(1985) 

1975-1981 The Wall Street Journal index 

and Predicast F&S index 
Chung, Wright & Charoenwong 

(1998) 

1981-1995 Lexis Nexis News Wire 

Vogt (1997) 1979-1993 Dow Jones News Retreival 

Boma and Royan (2000) 1980-1995 WSJ Index  and Lexis/Nexis 

i  Brailsford and Yeoh (2004) 1995- 1997 Sirca database 

Chen and Ho (1997) 1983-1991 Daily financial News Summary 

Burton, Lonie & Power (1999) 1989-1991 Weekly financial News 

S  Panel B, Asset acquisition and 

divestitures 

 

Maksimovic & Gordon (2001) 1974-1992 Longitudinal Research database 

Schlingemann, Stulz and  

Walkling (2002) 

1979-1994 Compustat Business Information 

file  
Warusawitharana (2008) 1985-2005 SDC 

Akhigbe, Martin & Whyte 

(2007) 

1990-2001 SDC 

Slovin, Sushka & Ferraro (1995) 1980-1991 News Wire report 

Bates (2005) 1990-1998 SDC 

B.4 Description of the datasets 

B.4.1 The importance of Herold Inc database 

The sample for this study covers the asset and corporate level acquisition 

announcements provided by the Herold Merger and Acquisition Database between 

January 1988 and Aug 2011. This database provides detail industry break down of the 

acquisitions in the energy sector. While the Securities Data Corporation (SDC) database 

is well regarded in the literature as a primary database for merger and acquisition type 
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studies (Raghavendra Rau & Vermaelen 1998; Rossi & Volpin 2004), Herold is a 

professional energy database and has also been used in the energy finance literature 

(Merton & Upton 1985). A survey of financial analyst and investment bankers carried 

out by Welsch & Deakin (1977) illustrates the importance of the Herold database for 

practitioners. Further, publications in the Wall Street Journal often rely on the Herold 

reports for the energy market. However, to be consistent with most of the empirical 

finance research, SDC is used as a secondary database to verify asset and corporate 

acquisition announcements.  

Herold provides financial, operational and mergers and acquisitions data for the firms in 

the global energy industry. Examples of the use of this dataset include valuation of 

reserves and oil and gas firms (Merton & Upton 1985; Harris & Ohlson 1987; Boone 

1998), analysing political risk through using Herold Merger and Acquisition database 

(Click & Weiner 2010), examining the relation between Herold estimates and stock 

prices (Magliolo 1986), investigating the role of historical cost to value oil and gas 

firms (Ghicas & Pastena 1989)  and analysing investment behaviour of oil and gas firms 

through financial database (Mohn & Misund 2009, 2011).  

B.4.2 The data sources of capital expenditures. 

Various sources have been used in the literature to obtain data for capital expenditure 

announcements. For example, the Wall Street Journal Index (McConnell & Muscarella 

1985; Borna & Ryan 2000), the Dow Jones News Retrieval (Vogt 1997) and Lexis 

Nexis News Wire (Chung et al. 1998; Kim 1998) were used to obtain U.S. market 

capital expenditure announcements. For their Australian study, Brailsford and Yeoh 

(2004) obtained capital expenditure announcements from the Sirca database. Table B-3 

illustrates the time period and databases used for recent capital expenditure and asset 

acquisition studies.  
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Table B-4 Various restructuring activities within the energy sector 

This section provides an overview of restructuring activities within the whole range of asset and corporate level in the energy market. It should be noted that some of 
these deal types are relatively unique to the energy industry. The acquisition refers to acquiring interest in the oil and gas field and the acquisition of single significant 
asset. Award is the licence that is granted to companies by government. IPO refers to the issue of shares to the public. Increasing the lease term by the government is 
called extension. Failed to close transactions occurred when the deal is terminated by one of the transaction parties. Farm In is used in energy industry when one energy 
firm purchases an interest in the oil and gas field in return for financing a percentage of the project costs. Relinquishment is the process of returning the possession of 
assets from company to government. Renegotiation is used when the terms of production sharing agreement are modified. The process of changing the current line of 
business is called restructuring. Swap is used when assets with same value exchanged between two parties.  

  
DEAL TYPE Asset acquisition Corporate acquisition 

Frequency Percentage Cumulative 
Frequency 

Cumulative 
Percentage 

Frequency Percentage Cumulative 
Frequency 

Cumulative 
Percentage 

Acquisition 17017 71.96 17017 71.96 6620 66.9 6620 66.9 
Award 2351 9.94 19368 81.90 2 0.02 6622 66.92 
Equity Issuance (IPO) 1 0.00 19369 81.91 154 1.56 6776 68.48 
Extension 47 0.20 19416 82.11 441 4.46 7217 72.94 
Failed to Close 395 1.67 19811 83.78 1 0.01 7218 72.95 
Farm In 1454 6.15 21265 89.93 1112 11.24 8330 84.18 
Joint Venture 640 2.71 21905 92.63 488 4.93 8818 89.12 
Merger 4 0.02 21909 92.65 930 9.4 9748 98.51 
Other 1090 4.61 22999 97.26 21 0.21 9769 98.73 
Relinquishment 88 0.37 23087 97.63 1 0.01 9770 98.74 
Renegotiation 52 0.22 23139 97.85 2 0.02 9772 98.76 
Restructuring 28 0.12 23167 97.97 105 1.06 9877 99.82 
Swap 480 2.03 23647 100.00 18 0.18 9895 100 
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As mentioned above, the data used in capital expenditure studies is often collected 

through News Wire Services. However, this study relies on the data provided by the 

Herold database. The Herold data is matched with SDC data and also checked against 

the Wall Street Journal and Dow jones news services to check its veracity. In addition, 

the Herold data retrieves information regarding announcements through various sources 

including firm press releases, firm financial filling (SEC), firm presentations, annual 

reports, government department reports and news services stories. To be consistent with 

the capital expenditure literature, a sample period was tested to confirm Herold’s data 

with the capital expenditure announcement published in the news services 

B.4.3 The distinction between Herold Inc and SDC database 

Herold data comprises the entire set of asset and corporate level acquisition 

announcements for firms in the energy sector. In terms of asset acquisitions, it reports a 

comprehensive range of acquisitions including acquisition of interests in oil and gas 

fields and acquisitions of significant assets. This database provides a comprehensive 

sample for the study of asset and corporate acquisitions in the energy sector. 

Further, differences between the Herold and the SDC merger and acquisition database 

highlight the importance of data verification. Herold defines the name of the parent 

acquirer/target firm even if the announced acquiring firm is a subsidiary. In contrast, 

SDC reports the name of the parent and subsidiary acquirer/target firm based on the 

party involved in the transaction. SDC also reports the name of the immediate and 

ultimate parent of the parties involved in each transaction. Using the parent company 

instead of the subsidiary firm for both the target and acquirer firm is problematic since 

most of the subsidiaries are not listed. The difference in the acquirer abnormal return for 

acquisition of subsidiary firms and parent firms is documented in the literature (Fuller et 

al. 2002). Fuller et al (2002) point out the impact of liquidity on acquirer returns as non-

listed subsidiaries are less liquid than the publicly traded firms. In this study, I match 
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Herold against SDC and Factiva to avoid this problem. This is further discussed in 

section B.5.  

B.5 Sample Selection criteria 

The initial sample of 33,542 transactions is obtained from the Herold merger and 

acquisition database. Herold reports mergers, acquisitions, swaps, joint ventures, 

restructuring, equity issuance, recapitalization, relinquishment and farm in (out) deals in 

its merger and acquisition database (See Table B-4). Yet, it is widely documented in the 

finance literature that each of these firm investment announcements has different 

implications in terms of share market effect. For instance, the announcements of joint 

venture projects has a positive and significant impact on firms share returns (McConnell 

& Nantell 1985; Johnson & Houston 2000). In contrast, the announcements of equity 

issuance has a negative impact on the firm stock returns (Myers & Majluf 1984). Thus, 

the sample for this study is constrained the broad category of mergers and acquisitions 

announcements, which results to 24,129 transactions. This is further reduced in size for 

each of the analyses conducted in this thesis.  

This thesis focuses on firms with the share price data and financial data available in 

CRSP and Compustat databases, which includes all the firms listed in NYSE, NASDAQ 

and AMEX. Acquisitions and divestitures were manually identified and matched against 

CRSP and Compustat through CUSIP and Permno codes. This reduces the sample to 

8,236 transactions over this period.  

The use of SDC as a check on the Herold database proved useful. When there was a 

difference in the announcement date between Herold and SDC, the deal summary 

section of Herold and deal synopsis section of SDC were read thoroughly to check the 

deal. Factiva searches were then used to verify the correct announcement date.  
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Finally, non-match deals between SDC and Herold were verified through Factiva. Non-

match deals are transactions with inconsistent announcement date between Herold and 

SDC as well as transactions reported by Herold but not included in SDC. To provide a 

premium estimate and further extend the dataset, Factiva searches are used to validate 

non-match deals with news articles. The Wall Street Journal (WSJ) and Dow Jones 

News Interactive (DJNI) are used in this study, consistent with the literature to verify 

announcement details (Amihud et al. 1990; Martin & McConnell 1991; Harford 1999; 

Luo 2005).  

B.6 Conclusion  

The purpose of this chapter was to describe the process of preparing the final dataset for 

the analysis. Perhaps, the most important point in this section concerns the process of 

selection and verification of the data. To further strengthen the data used for this study, 

all the deals identified in Herold data were matched against SDC dataset and Factiva 

searches were used to validate mismatches in the data that occurred between these two 

databases.  
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C. Institutional background.  
In this section, I summarize the institutional background and provide a brief description 

of the key frontier technologies developed over the past decades in the oil and gas 

industry.  

C.1 Deep water drilling 

While the first deep water drilling occurred in 1975 (OSC 2011) , the commercial use of 

deep water drilling started in the 1990’s (Godec et al. 2002). Advances in exploring 

shallow water coupled with developments in seismic technology and platform 

technology led to the adoption of deep water drilling in the 1980’s and the 1990’s (OSC 

2011). In particular, the development of Shell Cognac’s field in 1978 and the Exxon’s 

Lena field in 1984 were important steps in the development of deep water drilling 

(Godec et al. 2002; Acha & Finch 2003). Deep water discoveries expanded from 1985 

(Managi et al. 2005). The pace of deep water drilling increased again in the second half 

of 1990’s with a 14% increase in deep water discoveries (Godec et al. 2002). The 

successful deep water drilling in the Auger field by Shell in 1994 triggered the rapid 

expansion of deep water drilling that took place over the following decades (Godec et 

al. 2002; Acha & Finch 2003).  

C.2 Coal bed methane 

Coal bed methane is a natural gas extracted by drilling wells into coal seams. Coal bed 

methane has been developed in certain countries including Australia, Canada and the 

U.S. (Alonso & Mingo 2010). The production of Coal Bed Methane increased 

substantially from 91 billion cubic meters (BCM) of natural gas in 1989 to 1003BCM in 

1995 and 1500 BCM in 2001 (see Figure C-1). In 2008, Coal Bed Methane accounted 

for 10% of natural gas production in U.S. and 8% in Australia (Alonso & Mingo 2010). 
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Figure C-1 The emergence of coalbed methane (Source: EIA) 

 

C.3 Heavy oil 

Heavy oil and Natural Bitumen (tar sands or oil sands) differ from light oil in terms of 

technical characteristics such as reservoir temperature and content (Meyer & Attanasi 

2003). While it is cheaper to extract, process and transport light crude oil relative to 

heavy oil, discovering unproven heavy oil is an easier task relative to that of unproven 

light crude oil  (Carlisle 2006). The recent increase in crude oil prices over the past 

decade prompted the discovery and refining of heavy oil (Ordonez 2007). The majority 

of heavy oil and oil sands are located in Venezuela and Canada (Aguilera et al. 2012). 

According to Alberta Energy Research Institute, the total estimates of Heavy oil and 

Bitumen are around 8 trillion barrels of oil equivalent (Isaacs 2005).   

C.4 Shale gas 

The growth in unconventional and shale gas resources stems from the widespread use of 

horizontal drilling and hydraulic fracturing known as fracking. Energy firms extract oil 

and gas up to a one mile from a well location through horizontal drilling. At the same 

time, hydraulic fracturing (the combination of water and chemicals used to break rocks) 

is used to release oil and gas from the shale formation (Gold 2012b). These new drilling 

techniques coupled with wide geographic distribution of unconventional reserves in the 

U.S. led to a boom in development of unconventional resources. Figure C-2 illustrates 

the development in the use of horizontal and vertical drilling by oil and gas firms over 
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the past 15 years. The dramatic increase in horizontal drilling shows how advances in 

technology have changed the exploration methods used by oil and gas firms. 

Shale discovery is the dominant new product for oil and gas firms in recent years (Gilje 

& Taillard 2012). A range of shale gas reserves have been found and explored in the 

U.S. over the past few years. Some of the major shale plays65 with large quantities of 

recoverable natural gas reserves include Marcellus, Barnett, Haynesville, Eagle Ford, 

Fayetteville, Antrim, Woodford and Mancos play (EIA 2011b). Numerous studies focus 

on the impact of shale gas extraction on the economy of the U.S. (Coulson et al. 2011; 

Kinnaman 2011; Weber 2012). Yet, no study has investigated whether the investments 

in shale gas are wealth creating. This study investigates the share market response to 

investment in shale gas discovery and extraction. 

Figure C-2 Vertical and horizontal drilling frequency (source: Baker Hughes). 

 

Overall, the previous literature on shale gas focuses on the economic gain obtained from 

these investments. Examples of this include the impact of the boom in shale gas 

investments on the economy of the U.S. states such as Texas, Wyoming, Colorado 

65 Shale play refers to the undeveloped geographical area that is believed to contain natural gas resources.   
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(Weber 2012), Arkansas (CBER 2008), Pennsylvania (Considine et al. 2010). Further, 

they explore the impact of shale gas extraction on economic variables such as income 

and employment (See Kinnaman (2011)). Yet, the economic value gained from 

investment in the shale gas made by oil and gas firms has not been explored in the 

literature to date.  
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D. Additional tests 
There is a range of parametric and non-parametric tests that could be used to determine 

the level of significance of abnormal returns and cumulative abnormal returns. While 

the problems with event induced volatility and cross correlation in abnormal returns is 

noted in the event study literature (Kolari & Pynnönen 2010), some parametric and non-

parametric tests have been proposed to resolve these issues. This study uses the 

Boehmer, Masumeci and Poulsen (1991) standardized t-test that controls for 

autocorrelation as well as event induced volatility (Kolari & Pynnönen 2010). Event 

induced volatility arises as a result of cross sectional variation at the time of the event 

(Harrington & Shrider 2007).66 The remainder of this section briefly reviews the main 

parametric tests used in this study. 

D.1 Parametric tests 

Parametric tests are classified into two groups of scaled and non-scaled abnormal 

returns. Non-scaled abnormal returns are estimated using the traditional cross-sectional 

method: 

tns =
1
N∑ ARi

N
i=1

�σ2(AR i)
                                                                                                                   (𝑈𝑈. 1) 

Where N refers to the number of observations. While this test statistic assumes that 

abnormal returns are independently distributed, the previous literature tends to use 

scaled abnormal returns to account for autocorrelation in abnormal returns as well as to 

adjust for event induced variance. Patell (1976) proposed the first scaled (standardised) 

abnormal return to generate abnormal returns with constant variance: 

66 It should be noted that the cross sectional variation corrects itself when the event is common across the 
whole sample (See section 4.3.2)..  
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𝑡𝑡𝑢𝑢 =
∑ 𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖𝑁𝑁
𝑖𝑖=1

√𝐸𝐸
                                                                                                                     (𝑈𝑈. 2) 

Where 𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖  is the abnormal return of the stock i at time t divided by the standard 

deviation of estimated period residuals from the expected return model: 

𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 =
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
𝜎𝜎𝜀𝜀𝑖𝑖

                                                                                                                        (D.3)  

The Patell test controls for cross correlation in abnormal return. Yet, it ignores event 

induced volatility in abnormal returns. Following Patell (1976), Boehmer, Masumeci 

and Poulsen (1991) propose a new standardized t-test that controls for cross correlation 

as well as event induced volatility: 

𝑡𝑡𝑏𝑏 =
1
𝐸𝐸∑ 𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖𝑁𝑁

𝑖𝑖=1

� 1
𝐸𝐸(𝐸𝐸 − 1)∑ �𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖 −

1
𝐸𝐸∑ 𝑆𝑆𝐴𝐴𝐴𝐴𝑖𝑖𝑁𝑁

𝑖𝑖=1 �
2

𝑁𝑁
𝑖𝑖=1

                                                         (𝑈𝑈. 4) 

D.2 Non-parametric tests 

To further check the validity of the results obtained in parametric tests, non-parametric 

tests have also been employed. Non-parametric tests rely on the signs and ranks of the 

abnormal returns rather than the observed abnormal return itself. Thus, they avoid the 

problems associated with event induced volatility (Kolari & Pynnönen 2010). Corrado 

(1989) argues the distribution of abnormal return is not normal and exhibits high 

kurtosis and positive skewness.  To avoid this problem, various non-parametric tests 

have been proposed. Examples of these tests include the sign test (Wilcoxon 1945) and 

the rank-sum test (Corrado 1989; Corrado & Zivney 1992). The sign test is estimated 

using the sign of the abnormal return observed during the event period: 
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𝑡𝑡𝑟𝑟 =
(𝑆𝑆 − 0.5)

�0.25
𝐸𝐸

                                                                                                                        (𝑈𝑈. 5) 

 Where 𝑆𝑆  represents the percentage of observations with positive abnormal return. The 

sign test assumes independence among abnormal returns. Subsequently, Corrado (1989) 

and Corrado and Zivney (1992) proposed non-parametric sign and rank tests which 

control for event induced volatility and cross correlation in abnormal returns. It should 

be noted that the sign test is only applicable to measure significance for a one period 

window. The sign of abnormal return in each date during the event and estimation 

period is calculated:  

𝛽𝛽𝑖𝑖𝑖𝑖 = 𝑠𝑠𝑖𝑖𝐻𝐻𝑛𝑛 �𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 − 𝑚𝑚𝑄𝑄𝑄𝑄𝑖𝑖𝑆𝑆𝑛𝑛(𝐴𝐴𝐴𝐴𝑖𝑖)�                                                                                  (𝑈𝑈. 6) 

 𝑡𝑡 = −269, … , +10                                                                                                               

Where  𝑚𝑚𝑄𝑄𝑄𝑄𝑖𝑖𝑆𝑆𝑛𝑛(𝐴𝐴𝐴𝐴𝑖𝑖) is the median abnormal return in the time series of observed 

abnormal returns for firm i. Further, the test statistic at the date of announcement is 

estimated:  

𝑡𝑡𝐶𝐶𝐶𝐶 =
1
√𝐸𝐸

�
𝛽𝛽𝑖𝑖𝑖𝑖
𝑆𝑆(𝛽𝛽)

𝑁𝑁

𝑖𝑖=1

                                                                                                                (𝑈𝑈. 7) 

Where 𝑆𝑆(𝛽𝛽) is the standard deviation using the entire event and estimation period (𝑆𝑆∗):  

𝑆𝑆(𝛽𝛽) = � 1
𝑆𝑆∗ � (

1

�𝐸𝐸𝑖𝑖  
�𝛽𝛽𝑖𝑖𝑖𝑖) 
𝑁𝑁𝑡𝑡  

𝑖𝑖=1

2+10

𝑖𝑖=−269

                                                                                 (𝑈𝑈. 8) 

Where 𝐸𝐸𝑖𝑖is the number of non-missing returns in the cross section of 𝐸𝐸 firms on day t 

in the event window. 

Another non parametric test statistic is the Corrado and Zivney rank test: 

𝐾𝐾𝑖𝑖𝑖𝑖 = 𝑆𝑆𝑆𝑆𝑛𝑛𝐴𝐴 (𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖)                                                      

 𝑡𝑡 = −269, … , +10                                                                                                               (𝑈𝑈.9) 

Subsequently, the model is adjusted for missing returns: 

𝑈𝑈𝑖𝑖𝑖𝑖 = 𝐾𝐾𝑖𝑖𝑖𝑖  / (1 +𝑆𝑆𝑖𝑖)                                                                                                            (𝑈𝑈.10) 
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Where 𝑆𝑆𝑖𝑖 represents number of non-missing returns for firm i for observation at time t.  

𝑡𝑡𝐶𝐶𝐶𝐶 =
1
√𝐸𝐸

�
𝑈𝑈𝑖𝑖𝑖𝑖 − 0.5
𝑆𝑆(𝑈𝑈)

𝑁𝑁

𝑖𝑖=1

                                                                                                       (𝑈𝑈. 11) 

The standard deviation is estimated using both the event and estimation period (𝑆𝑆∗): 

𝑆𝑆(𝑈𝑈) = � 1
𝑆𝑆∗ � (

1

�𝐸𝐸𝑖𝑖
�(𝑈𝑈𝑖𝑖𝑖𝑖 − 0.5))
𝑁𝑁𝑡𝑡

𝑖𝑖=1

2+10

𝑖𝑖=−269

                                                                   (𝑈𝑈. 12) 

Where 𝐸𝐸𝑖𝑖  refers the number of non-missing returns in the cross section of 𝐸𝐸 firms on 

day t in the event window. Both rank and sign test (Corrado & Zivney 1992) are 

estimates based on one period event windows. To estimate the statistical significance of 

cumulative abnormal returns using a rank test, Campbell and Wesley (1993) calculate a 

cumulative rank test which captures the statistical significance of cumulative abnormal 

returns using the Corrado rank test. It should be noted that estimating the CAR using the 

Campbell and Wesley (1993) model is subject to internal misspecification for long 

intervals (Cowan 1992). Further Kolari and Pynnönen argue that “…This 

misspecification stems from the technical serial correlation of the ranks, with the effect 

increasing as the number of cumulated periods grows…”(Kolari & Pynnönen 2010 

Review of Financial Studies P. 3998).   
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