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Abstract 

When the Norwegian oil adventure started in the late 1960s, large international companies 

dominated the player landscape. Through mergers and acquisitions (M&A) the player picture 

has developed as the shelf has matured, along with changes in market conditions, regulations 

and framework (Norwegian Petroleum, 2018a). 

This study aims to determine how the oil price affects the M&A activity on the Norwegian 

continental shelf from 1998 to 2018.   

The thesis is targeted at players in the industry, academics, regulators and other parties related 

to the industry. The conclusion on how the oil price affects transactions can be useful for 

companies engaging in transactions and regulators effort to monitor the M&A activity on the 

Norwegian continental shelf. Furthermore, the thesis can inspire other academics to further 

develop the research area by expanding the knowledge both on the Norwegian continental 

shelf and globally. 

Previous literature shows that the oil price has a significant and positive effect on M&A 

activity in the oil and gas industry. However, the investigation of the relation remains 

unexamined on the Norwegian continental shelf. This thesis´ contribution to the extensive 

literature on M&A activity in the oil industry is therefore the examination of the oil price 

influence on the Norwegian oil and gas sector, with focus on M&A on the Norwegian 

continental shelf. 

The thesis is data driven and based on statistical analysis, where time series analysis is applied 

to study the relationship between the oil price and transactions. Through this econometric 

analysis, there has been established a relation between the oil price and the number of 

transactions on the Norwegian continental shelf. Association between the variables has been 

established through contingency table analysis, it has been found that oil price Granger-causes 

transactions and the regression analysis has showed a significant and positive impact of the oil 

price on the M&A activity on the shelf.  

The results from this thesis indicate that the Brent crude oil price has an impact on the M&A 

activity on the Norwegian continental shelf, and that the effect is positive.  
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Chapter 1 

 

1.1 Introduction  

In the late 1950s, very few people believed that there was oil and gas on the Norwegian 

continental shelf. However, in October 1962, Phillips Petroleum applied for exploration in the 

North Sea. The discovery of Ekofisk in 1969, marked the beginning of the Norwegian oil 

adventure (Government.no, 2013). Today, Norway is the third largest exporter of natural gas 

in the world, and oil and gas is the most important exported commodity for the Norwegian 

economy (Norwegian Petroleum, 2018g). 

When the Norwegian oil adventure started in late 1960s, large international companies 

dominated the player landscape. The supermajors were important for the development on the 

shelf, and for the first 10 to 15 years such enterprises accounted for all exploration. The 

picture has developed as the shelf has matured, along with changes in market conditions, 

regulations and framework (Norwegian Petroleum, 2018a). The Norwegian government 

implemented measures to improve the predictability in the licensing process and to widen the 

number of players on the shelf to increase competition (Norwegian Petroleum Directorate, 

2018a).  

Market conditions have also influenced the developments on the shelf. High oil prices and 

considerable activity attracted new participants, and fluctuations in prices have resulted in 

mergers and acquisitions among firms. Oil prices were around USD 10 per barrel in the late 

1990s, which resulted in consolidation of the oil sector. Large international companies 

merged such as Conoco and Phillips; BP, Amoco and Arco; Total, Fina and Elf; Chevron and 

Texaco; and Exxon and Mobile. Also, in Norway, Saga and Hydro merged in this period. The 

consolidation affected the player landscape on the Norwegian continental shelf directly as the 

international companies became fewer and larger. While there were around 30 companies in 

1995, the number increased to 55 in 2013. Number of players decreased to 43 in 2017 due to 

the 2014 oil price fall (Norwegian Petroleum Directorate, 2019). 

There are many studies regarding M&A activity, even within specific industries such as 

banking and financial services. The oil and gas industry is interesting to study as the 

motivations for M&A might differ from the general transaction motivation. Ferguson and 
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Popkin (1982) argue that a unique motivation in the oil and gas industry is the purpose of 

purchasing reserves. Weston et al. (1999) state that takeover activity is high in industries 

undergoing deregulation or experiencing price shocks. Furthermore, Jensen (1993) argues that 

the oil price volatility stemming from OPEC boycott in 1973 is one shock that drove 

transaction activity in the 1980s. Mitchell and Mulherin (1996) note that M&A activity 

clusters in some industries, including the oil industry. As the industry reflect responses to 

fundamental changes in the economy, the oil industry merits further academic study. Also, the 

literature on M&A activity in other commodity-driven industries as for example the mining 

industry is rather limited. Further studies on industries driven by commodity prices will 

broaden the rather narrow firm level and managerial view as motivation for M&As.  

An unstable and volatile oil price seems to have an impact on the transaction activity. This 

paper´s contribution to the extensive literature on M&A activity in the oil industry is the 

investigation of the oil price influence on the Norwegian oil and gas industry. Earlier 

literature has examined the relation between the oil price and transaction activity in the U.S., 

Canada and North America (Hsu et al., 2017; Ng & Donker, 2013; Ng & Donker, n.d.). 

However, this remains unexamined on the Norwegian continental shelf. As a result, this paper 

examines the relation between the Brent crude oil price and the M&A activity in the upstream 

oil and gas industry focusing on the Norwegian continental shelf.  

The thesis is targeted at players in the industry, academics, regulators and other parties related 

to the industry. The conclusion on how the oil price affects transactions can be useful for 

operators engaging in transactions and regulators trying to control the M&A activity on the 

Norwegian continental shelf. Furthermore, the thesis can inspire other academics to further 

develop the research on the relationship between the oil price and transactions, both on the 

Norwegian continental shelf and globally. 

 

1.2 Motivation 
As the oil and gas industry is one of the most important industries in Norway, the historical 

fluctuations in the oil price have affected the country heavily. The Norwegian economy is 

largely dependent on the activity on the Norwegian continental shelf (Norwegian Petroleum, 

2018g). The revenues from the oil and gas industry account for 17 percent of total GDP 
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(Norwegian Petroleum, 2018h). As Norwegians, a better understanding of the industry driving 

the economy is crucial when looking to strengthen the knowledge of the Norwegian economy.  

One might expect that the oil price, the main driver for profitability in the industry, affects the 

transaction level and transaction characteristics. However, to the authors´ knowledge, there 

does exist comprehensive reports on the oil and gas industry and M&A activity in Norway, 

but no analysis relating these elements to the oil price. This triggered the interest to further 

investigate this relation.  

The authors both have interest in corporate finance, hereof especially mergers and 

acquisitions. This thesis will help gain substantial knowledge in transactions within the 

leading industry in Norway, which certainly will be beneficial in future careers.  

Through the Master of Science, Applied Economics and Finance, one gains analytical skills 

necessary to tackle financial and econometric problems. In particular, the application to real 

life problems caught interest. The analytical approach of this thesis has released potential to 

apply these statistical skills on a comprehensive analysis of transactions and combine it with 

financial knowledge.  

 

1.3 Problem Statement 
This study aims to determine how the oil price affects the M&A activity on the Norwegian 

continental shelf. The main objectives of this paper can be summarized as the following 

problem statement:  

How is the M&A activity on the Norwegian continental shelf affected by the oil price?  

As seen in the chapter 2, external shocks trigger M&A activity within an industry. For oil 

companies, increases in oil prices signalize a potential future increase in revenues, which will 

revision the value of the companies upward. This increase in firm value will serve as an 

incentive to expand business through M&A. On the other hand, if oil prices are decreasing 

and investors expect the downward trend to continue, M&A activity will be hindered, as 

investors will be unwilling to acquire firms whose value is expected to decrease in the future.  

This problem statement can be expressed in the following five hypotheses:  
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Hypothesis 1: The Brent crude oil price is positively correlated with number of transactions 

on the Norwegian continental shelf.  

According to Hsu et al. (2017), oil prices have a positive effect on M&A activity due to the 

increased value of the firm as a result of higher oil prices and a higher expected value of the 

assets, making it a value-maximizing activity to engage in M&As. On the basis of earlier 

study and financial theory, it is expected that Brent crude oil price is positively correlated 

with the total number of transactions on the Norwegian continental shelf.  

Hypothesis 2: The volatility of the oil price is negatively correlated with the number of M&A 

activity on the Norwegian continental shelf. 

Volatility is a determinant of uncertainty. Thus, increased volatility in the oil price signalizes 

increased uncertainty. This is expected to slow down investment, as it affects both the value 

of the specific investment decision and the value of the firm or the oil field (Miller, 1998). 

Hypothesis 3: The oil price Granger-causes the total number of transactions on the 

Norwegian continental shelf. 

Ng & Donker (2013) investigated the causality between oil price and transactions within the 

Canadian oil industry and found statistical evidence that the oil price Granger-causes M&A 

activity. Oil price is argued to be the most crucial factor for oil companies, and it is expected 

that there is causality between the price level and M&A activity on the Norwegian continental 

shelf. 

Hypothesis 4: Different type of oil companies show different and distinct takeover behavior.  

Large integrated oil companies, as the supermajors, are less exposed to changes in the oil 

price as they have a higher degree of vertical integration and a high level of solvency.  

However, historically there have been consolidations among supermajors on the Norwegian 

continental shelf and big players have decreased their interest or exited the shelf. Smaller oil 

companies are expected to behave different than the large Norwegian companies and the 

international independents as they have less financial power and cannot afford to suffer big 

losses.  

Hypothesis 5: The level of oil prices has an impact on the type of transactions made on the 

Norwegian continental shelf. 
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The transactions that are characterized as Production are directly affected by the oil price as 

the value of the oil fields, the assets and production licenses included in the transaction are 

valued based on the future cash flows generated. Transactions characterized as Exploration 

and Development are less exposed to the oil price, as the oil fields included in these 

transactions are not producing oil, therefore other components are also included in the 

calculations. It is therefore expected that the transaction types vary with different levels of the 

oil price.  

 

1.4 Delimitation 
It is necessary to set some delimitations to set the scope of the thesis.  First of all, the thesis 

will restrict to transaction activity on the Norwegian continental shelf. Transactions elsewhere 

in the world will be excluded.  In addition, the thesis will only focus on activity in the 

upstream sector, which concerns exploration and production (E&P) companies. The reasons 

for this narrowness are that firms in the upstream sector are the ones most directly influenced 

by the oil price as they are the oil producing companies. Companies in the midstream and 

downstream activities, as for example oil service companies, do not engage as much in the 

M&A of assets on the shelf as they are not producers of oil and therefore not owners of 

production licenses, which is often included in the transactions.  

Secondly, the thesis will look at the period from 1998 to 2018 as this period is argued to 

include relevant fluctuations in the oil price and a significant number of transactions in the 

industry. The period includes several phases of the player picture on the Norwegian shelf, 

from consolidation of supermajors to the development of small- and medium sized companies 

and European utilities. The cutoff date is set to 31th of December 2018.  

Theoretical statistical models and theory used in the thesis are not described in detail. It is 

assumed the reader has a certain level of prerequisites. The oil product referred to in this 

thesis concerns Brent Crude, which is the type of oil produced in the North Sea. The global 

Brent Crude price is used as a benchmark for the oil price. 
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1.5 Research Approach and Methodology 

In this section, the methodology developed to test the set of proposed hypotheses will be 

presented. The thesis follows a deductive research approach, as it is based on previous 

research concerning a relationship between M&A activity and oil price, and the thesis wants 

to prove whether the relationship exists on the Norwegian continental shelf (Andersen, 2013). 

The problem statement and hypotheses are stated in section 1.3 and the aim of the thesis is to 

explain whether the M&A activity on the Norwegian continental shelf is influenced by the oil 

price, and how it might affect the transaction activity. The dataset consists of monthly 

transactions back to 1998 and the relevant oil price, as well as other control variables. R is the 

statistical software program used. 

The purpose of the thesis is to test the hypotheses and either confirm or reject that the 

transaction level is affected by the oil price. The thesis is based on statistical analysis. Other 

research approaches such as logical research approach, case studies, and interview-based 

approach are excluded. The approaches are foreclosed as they would not sufficiently answer 

whether the oil prices affect M&A activity, and it would be weak to draw conclusions based 

on logical sense, interviews or in-debt case studies of a random and small selection of 

transactions. Thus, an empirical and data-driven approach through statistical analysis is 

argued to best approach to address the problem statement and hypotheses of this thesis.   

The thesis consists of six chapters, where the first chapter introduces the research area and 

problem statement of the paper. The second chapter consists of a literature review of relevant 

M&A theories. The review concerns general M&A theory such as the neoclassical and the 

behavioral approach, financial theory and theory related to transactions in the oil and gas 

industry. A significant share of the chapter is given to the research papers written by Hsu et 

al. (2017) and Ng & Donker (2013, n.d.), as they are, due to their significant relevance, the 

main theories of the thesis. In the third chapter, the background information related to the 

Norwegian continental shelf is presented. This concerns the industry, players, the value chain 

and the unique taxation program on the Norwegian continental shelf. Furthermore, the chapter 

presents the historical development of the Brent oil price and the Norwegian oil production, 

as well as factors that have influenced the price and production level the past 20 years.  

The collection and treatment of the dataset, as well as a description of the variables is 

introduced and explained in chapter four. The transaction data is gathered from various 
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sources, hereof investment banks, the database of the Norwegian Petroleum Directorate and 

consulting companies within the industry. All other data is downloaded from Bloomberg, the 

Central bank of Norway and Statistics Norway. All the sources are argued to be reliable and 

acknowledged, so the dataset and hence the findings of the analysis can be trusted. The 

authors have tried to use a critical perspective cf. Guba (1990), by trying to strive for 

objectivity and be critical to the data gathering and sources. However, some parts of the thesis 

may be affected by the Authors’ subjectivity.  

In chapter five, the econometric theory and empirical results that create the fundamental of the 

analysis is presented. The analysis is based on econometric theory by the authors behind the 

original models, and theoretical frameworks by Gujarati (2004) and Koop (2008). The 

analysis includes three different statistical tests categories; contingency table analysis, a 

regression model analysis and Granger causality tests. Before the tests are conducted, 

diagnostic tests for each statistical test are performed to make sure the assumptions of the 

respective models are fulfilled. The Quasi-Poisson regression model is used, as a result of the 

violation of the assumption in the original Poisson regression model. Furthermore, the Error 

Correction model is incorporated in the Granger causality tests as there is found cointegration 

among the variables.  

The conclusion of the thesis is presented in chapter six, followed by criticism and alternative 

and future perspectives of the paper.  
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Chapter 2 
 

Literature review/ M&A theories 

2.1 Strategic Theory 

There are various reasons why firms engage in mergers or acquisitions. Thus, it is necessary 

to look at past research on rationales behind transactions to strengthen the analysis regarding 

M&A activity in the oil and gas industry on the Norwegian continental shelf. Past studies 

have tried to identify the triggers for such activities. Previous literature has identified several 

key motivations to explain why firms engage in M&A. Conventional financial theories claim 

that strategic purposes and efficiency gains by achieving synergies are common drivers for 

M&A activity. General M&A theory is said to cluster into two different approaches of merger 

and acquisition activity; the neoclassical approach and the behavioral approach (Hsu et al, 

2017).  

 

The Neoclassical Approach  

The neoclassical approach assumes that managers maximize profit, the M&A activity creates 

wealth and that capital markets are efficient. The view is supported by various studies, which 

claim that M&A activity is a result of efficient reorganizing due to economic events. M&A is 

explained by fundamental shocks in the economy or that the industry causes firms to relocate 

assets (Hsu et al, 2017). This theoretical approach fits well with the proposed hypothesis that 

oil price fluctuations impact M&A activity in the oil and gas industry. This means that the 

industry would respond to environmental shocks, and hereby shocks in the oil price. Thus, a 

significant increase or decrease in the oil price will impact the M&A activity in the industry.  

Previous literature has stated that the neoclassical theory is modified by the capital liquidity 

theory. Even though shocks drive motivation for relocation, lower cost of capital releases the 

potential for acquiring assets (Hsu et al, 2017). Harford (2005) found empirical evidence in 

line with this argument. The fundamental reasons for M&A were the regulatory, technological 

and economic shocks, however overall capital market liquidity conditions cause these 

activities to happen. Furthermore, Harford explains that merger waves happen, as takeovers 
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tend to cluster due to the environmental shocks. Overall, he supports the neoclassical view by 

stating that industry and liquidity have an important impact on takeovers. 

 

The Behavioral Approach 

The behavioral view on M&A eliminates the neoclassical hypothesis of efficient capital 

markets and argues that managers do not act to maximize shareholder wealth. In contrast, the 

approach takes the psychological aspects of decision-making into account. Thus, they believe 

that psychological factors prevent markets from being efficient and managers from acting to 

maximize shareholder wealth. Jensen & Meckling (1976) state that managers engage in M&A 

activities to benefit themselves as agents and likely on the expense of shareholders. This is 

based on empirical findings and supports the behavioral explanations to why transactions 

occur, which supports the behavioral view of M&A activities. 

Furthermore, the behavioral view explains the occurrence of M&A activity as a result of 

rational managers who take advantage of consistent pricing errors (Vancea, 2012). Rhodes-

Kropf et al. (2005) argue that M&A tend to be driven by stock market performance due to 

manager’s rational behavior and imperfect information regarding the value of firms. 

Furthermore, Shleifer and Vishny (2003) argue that misinformation about the aggregated 

market cause irrational behavior of the target firm managers. They state that stock market 

valuation tends to drive M&A as firms with overvalued stocks tend to bid for undervalued 

firms, as they can take advantage of the stock market to buy relatively cheap firms.  

 

2.2 Theory on the Oil and Gas Industry  

As the previous section shows, literature regarding M&A activities in general is common and 

there are many factors proposed as drivers for overall mergers and acquisitions. The 

neoclassical and behavioral views propose reasons why firms engage in M&A. Even though 

many firms choose to undertake such activities due to general strategic considerations, 

literature regarding industry specific M&A activity is of interest.  

There is substantial empirical literature on M&A within specific industries such as banking 

and financial services. The literature regarding M&A in the oil and gas industry is rather 

limited compared to other industries. Energy endowment and its market pricing influences 
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core parts of any national economy as inflation, monetary policy, economic growth and 

wealth. Furthermore, M&A in this industry reflects the responses to fundamental changes in 

the economy, and more academic studies on this topic are preferred. However, there are some 

authors that have studied the investment behavior in the oil and gas industry.  

Mohn and Misund (2009) study the impact of industry uncertainty and market turbulence on 

total investment expenditures in the industry. They report that macroeconomic uncertainty 

deterred oil and gas investment, while industry-specific uncertainty stimulated investment. 

Also, Kellogg (2014) studies the effect of uncertainty in Texan oil and drilling and proposes 

that the response pattern is consistent with the prescribed theory on investment. As the oil 

price is volatile and therefore an uncertainty in the oil and gas industry, it is interesting to 

further study how this will affect takeovers and transactions in the industry.  

Another reason that M&A in the oil and gas industry should be further studied is that there 

may be other motivations than in the general literature. This is for instance proposed by 

Ferguson and Popkin (1982). They theorize a specific rationale for M&A in the oil and gas 

industry and suggest that a unique motivation for takeovers in this industry is the purpose of 

purchasing reserves to increase the resource endowment possessed by the firm. According to 

Ferguson and Popkin (1982) the market price of a firm should be equal to the market price of 

its reserves. This is later empirically demonstrated by Ng and Donker (2013).   

Jones and Kaul (1996) examine that oil price shocks have an effect on international stock 

market, and this is justified in terms of changes in real cash flow and expected return. This 

perspective suggests that economic forces can affect corporate decision-making, and 

specifically M&A, in the oil and gas industry. This is also suggested by Mitchell and 

Mulherin (1996), whom propose that takeover activity is directly related to economic shocks 

borne by the industries. They further discovered that the volatile oil price in the 1980s 

positively affected the takeover activity, particularly in oil-related industries. This is 

supported by Weston et al. (1999). These authors propose that takeover activity is high when 

industries are undergoing deregulation, facing structural changes or experiencing oil price 

shocks. Specially, they point out the instability in oil prices as a trigger for M&A. 

Furthermore, they identified factors such as technology advantages and globalization as 

motivation for M&A in the 1990s. This caught the authors interest to investigate whether 
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macroeconomic such as the oil price and changes in the oil price influence transactions in the 

oil and gas industry.   

Sadorsky (2002) proposed, “The idea that macroeconomic variables can help to explain 

excess return in equity and bond markets has recently been extended to commodity futures 

market” (Sadorsky, 2002, p. 540). As Boyer and Filion (2007) report, the value of oil 

companies are driven by the oil price and it is therefore worthwhile to study how 

macroeconomic factors impact corporations operating in the industry. Managers of oil firms 

are motivated to make acquisitions when the valuation of their company is high, which 

according to Boyer and Filion (2007) is when commodity prices are high. Therefore, it is 

interesting to examine if there is evidence of how market timing of energy prices affects 

takeover activity.  

 

2.3 Main Theories 

Literature on industry-specific M&A activity is existing but limited and rarely concerning the 

oil and gas industry in particular, and how the oil price and changes in the oil price affect 

M&A activity. However, Hsu et al. (2017) in addition to Ng and Donker (2013, n.d.) are 

notable exceptions. They have provided empirical evidence regarding the M&A activity in the 

U.S and Canadian oil and gas industry. Further elaboration into the literature mentioned 

above seems essential before conducting a similar analysis on the M&A activity on the 

Norwegian continental shelf. This study aims to complement the literature above by 

extending the literature regarding the influence of the oil price on M&A activity in Norway.   

Hsu et al. (2017) investigate what motivates transaction activity in the upstream sector in the 

U.S. from 2003 to 2013. The study found that M&A activity in the industry was relatively 

infrequent until about 2006, however after 2006 the frequency increased. The M&A activity 

in the U.S. oil and gas industry experienced a general upward trend during the period from 

2006 to 2013.  

M&A activities in this industry are usually broader defined than the traditional definition of 

M&A. The traditional definition refers to the acquisition of one company by another company 

or the merger of two companies to form a new business entity. In contrast to the traditional 
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definition, M&A activities in the oil and gas industry are usually broader defined including 

the acquisition of assets related to oil and gas, such as properties or reserves (Hsu et al. 2017).  

 

Hsu et al (2017): What motivates merger and acquisition activities in the upstream oil & 

gas sectors in the U.S?  

In the study by Hsu et al (2017), the focus of the M&A definition goes beyond the traditional 

definition and includes other forms of M&A defined in the industry. The study includes deals 

in the following categories: volumetric production payment, acreage, corporate, joint venture, 

property and royalty. In other words, the study conducts a broad specter of transaction 

activities compared to similar studies. This could potentially result in different underlying 

factors determining the activity level compared to the traditional definition. As a result, the 

study conducts analysis on both the narrow and broad definition of M&A. 

First of all, the article is of interest because it investigates M&A patterns in the upstream 

sectors of the industry, the same part of the value chain as this thesis and look at factors 

influencing these patterns. They claim that the M&A waves in the industry are unique but 

may be related to aggregate M&A waves. The study finds that M&A waves occur through 

positive autocorrelation in the M&A count for both broad and narrow definitions of M&A 

activities. Most of the significant lagged effects were positive, signaling a positive feedback 

or momentum in M&A activities. Furthermore, there were different wave patterns for each oil 

and gas region in the U.S., where waves were formed at different times. 

Secondly, the study incorporated various factors in the analysis, which also will be included 

in the analysis of this thesis. Stock market performance is one of the macroeconomic factors 

included in their analysis, which is an indicator of the general economic activity. This factor 

captures the effect of stock valuation on M&A activities. They also include interest rate 

spread, which is the difference between the loan rate and the federal funds rate and reflect the 

capital market liquidity conditions. In addition, the study tested the influence of oil and gas 

prices and production on M&A activity. Their model lagged effects of M&A activities on 

M&A, by 1 month, 6 months and 12 months.  For analysis purposes, the study used the 

following models; the Zeger and Qaqish (1998) model, autoregressive Poisson models with 

lags of Pearson residuals as regressors and Poisson integer-valued autoregressive model 

(INAR).  
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Furthermore, this article is relevant as their findings can be compared to the findings of this 

thesis and the authors can investigate if the oil price and the other macroeconomic factors 

have the same impact in Norway. The findings of Hsu et al. (2017) indicate that oil prices 

have a statistically significant impact on M&A activity. This is true for both the narrow and 

the broad definition of M&A activities. The paper has two explanations to why this occurs. 

First of all, higher oil price increases the value of the firms, which release potential for the 

firms to buy assets needed for further production. Secondly, the expected value of the assets 

increases as a result of a risen value of oil. The expected return on the investment is 

substantially higher, meaning it will be a value-maximizing activity for the managers of the 

acquiring firms to pursue. The gas price did not show statistically significant effect on M&A 

activity in either definition. The study cannot tell why the oil price is highly influential while 

the gas price is not. However, previous studies have found similar differences in the effect of 

oil and gas prices. Boyer and Filion (2007) found that oil prices had greater impact on oil and 

gas stock returns in Canada than natural gas prices. The paper argued the origin of the 

difference was due to the significant impact of oil prices on energy firms’ revenue and profit.  

The study found a close relation between output growth and M&A activity. Oil and gas output 

growth has significantly positive impact on M&A activities, both by the narrow and broad 

definition. More buyers are attracted as the potential value of the assets are revealed when 

production increases. The output growth also attracts more sellers to sell as the value of the 

assets increase.  

The stock market had a mixed effect on the M&A activity, depending on number of lags and 

whether the narrow or broad data sample were used. This indicates that the paper cannot 

really tell whether the stock market effect is significant and if, in what ways. Thus, the paper 

concludes that stock performance was not statistically correlated with M&A activities in the 

upstream sector. As a result, the study indicates that the oil firms´ performance are closer 

related to the oil price than the general stock market performance.  

The capital market liquidity had no significant effect on M&A activities. The theoretical part 

of the paper indicated that the effects could be either positive or negative, however none of 

these were found. The negative effect on M&A would occur as tightening of the capital 

market would make less capital available and thus reduce M&A activities. The positive effect 
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arises when the capital market becomes tighter, so firms have to sell assets to raise capital for 

capital spending.  

Overall, the study found evidence that industry specific factors are more important than 

general economic conditions. Oil price and oil production was pointed out as the most 

important factors influencing M&A activities.  

 

Ng & Donker (2013): Purchasing reserves and commodity market timing as takeover 

motives in the oil and gas industry 

Ng and Donker (2013) is another study that is closely related to the one of Hsu et al. (2017). 

They investigated whether purchasing reserves and commodity market timing is used as 

takeover motives in the oil and gas industry. The study concerns Canadian oil and gas firms in 

the period from 1990 to 2008. The paper tests whether managers time M&A activity with 

energy prices. If so, this may indicate that takeover waves in the oil and gas industry are 

driven by energy prices. The study also tests whether energy reserves significantly affect 

takeover activity by the use of Granger causality tests. In addition, the non-parametric 

Spearman correlation test is used. The paper also did a conditional examination of whether 

energy prices and reserves are related to takeovers. Other macroeconomic factors are included 

in the tests to increase the robustness of the results.  

The paper finds supportive evidence that takeover activity is affected by energy prices and 

reserves. Energy prices greatly influence both the input and output of the firms. The study 

further discovers that energy prices have a significant impact on takeover decision-making 

among firms. In other words, the performance, takeover activity and value of the firms are 

affected by energy prices. When managers are making takeovers in the energy industry they 

are motivated to time prices in the commodity markets. Thus, market timing is essential in the 

motivation to buy and sell reserves. By examining the same tests on M&A deals in Norway, 

comparison of the results and the conclusions across countries is possible.   

The study finds strong correlation between oil and gas prices and takeover activity where 

results are statistically significant at one percent level. Higher oil and gas prices affect 

takeover activity positively. Furthermore, it finds that takeover activity shows significant 

causality with the oil price and the changes in oil price, but not vice versa. This suggests that 



18	
	

firms respond to the oil price and its fluctuations in decision-making related to transactions. 

This seems natural as the oil price has a significant impact on the firms through revenues, 

profits, investments and cash flow. The opposite casual direction is found for gas prices, 

where takeover deals cause gas prices. This finding can be due to the fact that oil and gas 

prices have moved differently historically. This is supported by previous literature that found 

differences in the effect of oil and gas prices on stock return. Ng and Donker (2013) conclude 

that the differences are a result of the fundamental market differences in demand and supply 

between oil and gas.   

The tests, both the Granger causality test and the conditional examination, show that oil 

reserves cause takeover deals and the relationship is negative. In other words, lower reserves 

are associated with a higher activity of takeovers. The reverse relationship is not statistically 

significant, hence takeover deals does not affect oil reserves. The same results imply for gas 

reserves and its effect on takeover activity; gas reserves affect takeover activity, but takeover 

activity does not cause changes in gas reserves. Overall, the study concludes that energy 

reserves are related to takeover activity in the energy industry. The study cannot 

simultaneously show that oil price and reserves affect transactions significantly, as 

multicollinearity is present between oil reserves and prices.  

The results show weak support of stock markets or economic conditions impact on M&A 

activity. There was neither any support for debt market financing conditions to affect 

transactions in the industry. Overall, general market conditions do not have a significant 

impact on merger activity. As a result, the paper states that M&A in the oil and gas industry is 

influenced by a commodity price-driven motivation rather than stock market-driven 

acquisition.  

The paper claims that firms time their transactions with commodity prices. This is found as 

transactions over time have a feedback relationship with energy prices. The study claims that 

the reason for this relationship is that energy prices and changes in prices affect takeover 

performance. Thus, as a consequence, energy prices drive motivation for M&A activity.  
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Ng & Donker (n.d.): A commodity price driven acquisition hypothesis 

Another study by Ng and Donker (n.d.) is also notable. This study tests the “commodity price 

driven acquisition” hypothesis for M&A among Canadian and American firms in the oil and 

gas industry from 1990 to 2008. In the industry, energy prices have Granger causality on the 

number of transactions over time. There is a strong statistically significant relationship 

between oil prices and merger activity in the U.S., hence takeover waves seem to drive oil 

prices and oil prices appear to drive takeover waves. For the Canadian market, this is not the 

case. There is no statistical evidence that oil prices drive M&A activity in Canada. The study 

uses an energy price index in addition to WTI oil price to check the robustness of the results. 

The outcome is unchanged.  

Ng and Donker (n.d.) gives an explanation to why M&A activity increases during periods of 

high oil price levels. In the energy sector, more established companies typically buy smaller, 

fast growing or high potential junior players. Such target firms will try to extract a maximum 

takeover premium from the established players and in periods of high oil prices the premium 

tends to be higher due to oil price driven asset values resulting in higher valuation of oil firms. 

Furthermore, these target firms are often too small to acquire other players, why mergers and 

acquisitions by established firms are their best available strategic choice for expansion.  

The feedback relationship found in the U.S. has a theoretical explanation. As explained 

above, high oil price levels result in restructuring and consolidations. M&A activity tends to 

reduce the market of energy producing assets and hereby reduce the supply of energy. Given 

that demand remains unchanged, the shortage put pressure on oil prices driving the prices up. 

Overall, the study concludes that there is a commodity-driven motivation for takeovers. There 

is a significant feedback relationship between oil prices and merger activity in the U.S., while 

the same relationship cannot be statistically proved in Canada. As the study finds different 

results for the Canadian- and the U.S. market, it is even more interesting to investigate the 

relationship in Norway.  

 

Conclusion main theories 

All of the three research papers imply that energy prices and reserves are factors that 

influence M&A activities. Hsu et al. (2017) and Ng & Donker (2013) state that the oil price 
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has significant impact on the transaction level in the U.S. and Canada. Ng & Donker (n.d.) 

support the findings in the U.S. but cannot find any statistical evidence in their study that oil 

prices drive M&A activity in Canada. Furthermore, Ng & Donker (2013) found strong 

correlation between gas prices and takeover activity in Canada, while Hsu et al. (2017) could 

not find the same relation between gas prices and activity in the U.S. These contradicting 

results makes this thesis even more important and interesting, as these researches suggest that 

the relationship between commodity prices and M&A activity is not equal across countries.  

Variation in outcomes could be due to diversity in data gathering and methodology. Hsu et al. 

(2017) study activity in the upstream sector in U.S. in a relatively new and short period from 

2003 to 2013. In contrast, Ng & Donker (2013) focus on a much broader sector including all 

sectors within the O&G industry in Canada. The period of their study is from 1990 to 2008, 

thus an early period of the oil industry than this thesis. This may indicate inconsistent and 

infrequent data.  

In addition, oil and gas reserves and output growth have been pointed out as important factors 

influencing the M&A activity. None of the studies found general economic factors 

statistically significant for the transaction activity. Overall, all three theories conclude that 

industry specific factors significantly influence the M&A activity in the countries, where the 

oil price is pointed out as an essential component. The findings of these theories can be used 

later on in the analysis. The factors used in their studies is a good point of departure and it 

will be interesting to see whether the factors influencing M&A activity in U.S. and Canada 

are relevant in explaining the development of the transaction deals on the Norwegian 

continental shelf. 

 

2.4 Financial Theory – Real Options  

Decision-making in the oil and gas industry and especially in the upstream sector is becoming 

increasingly complex due to many uncertainties, concerning both internal and external 

variables, such as the oil price. As the volatility in the oil price can lead to uncertainty 

regarding the return on investment, taking the oil price and its volatility into account in the 

process of decision-making is crucial. One way to do this is by using the rationale behind real 

options.  
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According to Kulatilaka & Kogut (2001), real options are defined as “an investment decision 

that is characterized by uncertainty, the provision of future managerial discretion to exercise 

at the appropriate time, and irreversibility” (Kukatilaka and Kogut, 2001, p. 746). The ability 

to delay an investment to await more information and reduce uncertainty in order to get better 

opportunities in the future and reduce future losses can be seen as an option. The company 

has the opportunity to invest or simply not invest, similar to a financial call option (Fernandes 

et al., 2011). An opportunity to invest can be seen as a call option, where the firm has an 

option to spend money now or in the future in return for an asset. The company will invest if 

the option is “in the money”, meaning that the company will receive positive net payoff. On 

the other hand, the company will not invest if the option is “out of the money”, to avoid the 

negative net payoff.  

When a firm makes an irreversible investment, it can be said that the firm exercises the option 

and gives up the opportunity to wait for new information. As the investment is irreversible, 

the lost option value is an opportunity cost (Pindyck, 1991). This option value is highly 

affected by the uncertainty over the future value of the investment, why it is necessary to look 

at decision behavior in a real option way to make the right decisions. Pindyck (1991) 

illustrates how characteristics of investment opportunities can be option-like and how optimal 

investments can be obtained from the methods of option pricing. A firm´s option to invest, to 

pay a sunk cost, and receive a project value, is, as earlier stated, analogous to a call option on 

the stock. The value of this call option can be found, hence, determine the optimal investment 

rule. (Pindyck, 1991). 

From a decision-theoretic perspective, engagement in M&A can be explained by real option 

interpretation. Consistent with literature on real options, oil companies await investments, as 

there is an option value of waiting to resolve the uncertainty around the oil price. Several 

authors have earlier studied this rationale, where Bernanke (1983) has one of the earliest 

papers to determine that it is optimal for firms to postpone investments when there is 

increased uncertainty about the future oil price. The study shows how increased uncertainty 

around oil prices raise the value of waiting to invest.  

During times with high uncertainty, the value of waiting to invest will increase and oil 

companies might postpone investments. As the oil firms wait for information regarding the 

uncertainty in the oil price, the firms give up any return from making the investment earlier. 
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However, waiting to invest will increase the chances of making the right investment decision. 

As the oil price volatility increase, the option value to await investment increases and the 

incentives to invest decreases.  

Later research papers have shown that there are two option value effects, the option value of 

postponing the investment and the option value to grow the business (Kulatilaka and Perotti, 

1998). The paper by Kulatilaka and Perotti (1998) presented a U-shaped relationship between 

investments and uncertainty. As earlier described companies postpone investments in the face 

of uncertainty. On the other hand, not investing delays the chances of gaining market shares 

and the possibilities of growing. These to effects give a U-shaped relationship between 

investments and uncertainty.  

This real option theory was later tested by Henriques and Sadorsky (2010), who investigated 

the effects of oil price volatility on strategic investments. The study found results consistent 

with literature on strategic growth options and a U-shape relationship between investment and 

oil price volatility in the U.S. In times of increased oil price volatility, the option value of 

waiting increases as it becomes worthwhile to wait until this uncertainty is resolved. A result 

of this is delayed investments, indicating that oil price volatility has a negative relationship 

with M&A activity. However, after some time, further increase in oil price volatility will lead 

to increased investments as the value of the pre-emptive strategic effects of not growing 

increases relative to the option value of waiting. Hence, the U-shaped relationship.  

These studies support the hypothesis that oil price volatility has a negative impact on M&A 

activity on the Norwegian continental shelf. However, the theory of the U-shaped relationship 

might indicate that there is a positive correlation between oil price volatility and transactions 

on the shelf if the option value of waiting is lower than the value destroyed by not growing.  

The theory of real options is known as a modern approach to valuation of projects under 

uncertainty (Fernandes et al., 2011). If the purpose of this thesis was to investigate the value 

of M&A on the Norwegian continental shelf in regards to the oil price, this theory would have 

been included as a model. However, an empirical and data-driven approach is used to answer 

the problem statement, where a statistical analysis is argued to best fulfill the purpose of this 

thesis. The real option theory is therefore used as an explanation rather than a model in the 

analysis, as the rationale behind the theory is interesting and can explain the findings from the 

empirical data but not answer the problem statement as an underlying model.   
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Chapter 3 
 

Background Information 

 

The objective of this section is to provide background information about the Norwegian oil 

and gas industry for the reader to get a better understanding of the industry, its development 

and factors affecting it, and to understand the findings and discussions of the analysis. 

Furthermore, the section will describe the fluctuations of the oil price and its determination. 

Lastly, the oil production on the Norwegian continental shelf will be reviewed.  

  

3.1 Norwegian Oil Industry 

3.1.1 The Players in the Industry  

The oil and gas industry is made up of thousands of firms of all sizes, nationality, strategic 

focus, resources and technical capabilities. Shuen et al. (2014) reported an increase in the 

complexity of players in the industry, and that even within the company categories companies 

are not homogenous. Garcia et al. (2014) also argued that the differences of the companies are 

the assets the firms own but also the capabilities the companies develop, how they operate and 

which procedures they follow. It is therefore necessary to divide the companies on the 

Norwegian continental shelf into company categories. To be able to comment on the player 

picture, how the competition on the shelf has developed and to investigate if different types of 

players show different and distinct takeover behavior, categorization is required. For the 

purpose of this paper, the focus will be on the companies operating in the upstream sector of 

the value chain. The classification of company types is based on the clarification given by the 

Norwegian Petroleum Directorate (2016) and are presented below: 

Large Norwegian companies: The Norwegian Government controls this type of company. 

Examples are Equinor and Petoro.  

International integrated companies (supermajors): This company type competes 

internationally, operate in every part of the value chain and is among the largest oil and gas 
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companies. Examples of International integrated companies are Total, Eni, ConocoPhillips, 

Shell and ExxonMobil.  

Medium-sized companies: Norwegian Petroleum Directorate has defined size by the 

enterprise´s market value on the stock exchange. Medium-sized companies lie in the USD 

1000-5000 million range. Examples of these types of companies are Lundin, Wintershall. 

Repsol. Aker BP, Vår Energi and Tullow.  

Small companies: Small companies is in the range of USD 0-1000 million in enterprise 

value. Example of small companies are: Skagen44, Lime, Origo and Wellesley.  

European gas/power companies (Utilities): European gas companies are the producers of 

natural gas. Examples on the Norwegian continental shelf are Centrica, Spirit, PGNIG, VNG 

and Edison.  

 

3.1.2 Player Picture  

The landscape of companies on the Norwegian continental shelf has developed as the shelf 

has matured, along with changes in market conditions and frameworks. The player picture is 

affected by petroleum policy. A goal for the petroleum policy is to facilitate efficient and 

profitable operations in a long-term perspective (Norwegian Petroleum, 2018a). It is 

important with strong competition and diversity to ensure interest in opportunities on the 

shelf. As the player landscape changes due to M&A activity, a review of the development of 

the shelf is meaningful when later discussing the factors behind the development.  

Until 2000, large companies dominated the activity on the Norwegian continental shelf. Since 

then, different measures have opened the doors to various types of players and have greatly 

increased the number of firms on the shelf. A lot of the newer players are seeking other kinds 

of business opportunities than the larger international firms, through for example exploration 

for smaller deposits in more challenging areas (Norwegian Petroleum Directorate, 2019). 

Independents and private equity backed companies constitute the most active licensees today 

and majors and European utilities are selling down or exiting the shelf (Thommessen Oil and 

Gas group, 2018).  

The supermajors were important for the development on the shelf in the 1960s and for the 

first 10-15 years such enterprises accounted for the bulk of all exploration. Several of these 
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companies have reduced their interests the recent years and some have also exited the shelf 

(Norwegian Petroleum Directorate, 2018a).  

The Norwegian Government implemented measures to improve predictability in the licensing 

process and to widen the number of players. Three adjustment in the framework have been 

particularly important for the changing of the player landscape (Norwegian Petroleum, 

2018a): 

1. The prequalification system was established to give companies an opportunity to 

secure an evaluation of their suitability for participation on the shelf before they 

devote resources to assessing concrete business opportunities.  

2. The awards in predefined areas (APA) scheme, together with adjustments in how 

work programs are designed, give the companies steady access to exploration acreage 

and ensures continuous exploration activity.  

3. The exploration tax reimbursement scheme was introduced to ensure equal tax 

treatment of exploration costs for companies both outside and inside tax position. This 

will improve the competition as it reduces entry barriers for new players and facilitate 

profitable exploration.  

These measures combined with rising oil prices contributed to an increase of companies on 

the shelf and greater diversity. Many small- and medium-sized companies, European power 

companies and Norwegian undertakers got established. The total number of players almost 

doubled from 2002-2007 (Norwegian Petroleum Directorate, 2016).  
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Figure 1: Number of companies on the Norwegian continental shelf 1998-2018 (Source: Norwegian Petroleum 

Directorate)  

As seen from Figure 1, the player picture has been more stable over the past decade. 

However, market conditions have influenced developments. High oil prices and considerable 

activity attracted new participants in 2010-2013. As in earlier periods, big price falls have 

resulted in company consolidations. While there were 55 active production licenses in 2013, 

the number decreased to 43 in 2017 due to the 2014 oil price fall. Expect from the large 

Norwegian companies, this decline has affected all company categories during the period 

(Norwegian Petroleum Directorate, 2019).  

The reduction has been greatest for utilities and small companies. Several of the utilities 

companies withdraw from the upstream activities to focus on the downstream activities and 

renewable energy. In 2017, Dong and Engie sold their oil and gas operations to medium-sized 

companies, while Centrica´s oil and gas business merged with Bayerngas´ Norwegian 

operations. (Norwegian Petroleum Directorate, 2018a). 

Among smaller companies, several have pulled out or been acquired by others. In addition, 

Pure E&P, Core Energy and Spike Exploration merged in 2016 to establish Point Resources.  

Of the supermajors, BP Norge merged with Det Norske Oljeselskapet to establish Aker BP in 

2016 and Total acquired Maersk’s oil and gas business in 2017. The reduction also affected 

the medium-sized companies, where American Hess sold its Norwegian business to Aker BP 

in 2017. Also, ExxonMobil sold its interest on the Norwegian continental shelf to Point 
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Resources in 2017, which promoted Point Resources into the medium-sized company 

category. (Norwegian Petroleum Directorate, 2018). The player picture was changing further 

when Eni Norge and Point Resources merged to establish Vår Energi in 2018, which now is 

the largest independent exploration and production company on the shelf (Vår Energi, 2018).  

In the recent years, transaction activity has showed that firms financed by private equity have 

made substantial acquisitions on the shelf and that private equity-backed companies have 

great faith in the Norwegian continental shelf (Norwegian Petroleum Directorate, 2018a). The 

shelf is also increasingly attracting interest from International private equity investors (DNB 

Q2, 2015).  

Although a number of new entrants have entered the Norwegian continental shelf the large 

companies controlled by the Norwegian state and the super-majors still account for the largest 

part of the output. In the end of 2015 top 20 companies held close to 96 percent of the 

reserves and resources on the shelf and counted from 99 percent of the oil and gas production 

(DNB Q2, 2015). However, the amount of international independent companies has increased 

since mid-2000s and the share of medium-sized companies has increased sharply the past 

decade (Norwegian Petroleum Directorate, 2016).  

At the end of 2018 there were 39 active companies on the shelf, 25 of these were operators, 

the rest as joint venture partners. This is fewer compared to a few years ago, and it is a result 

of factors such as consolidation. Some companies have left the self in whole or in part, while 

other have reinforced their activity (Norwegian Petroleum, 2018a).  

 

Operator companies for field on stream 

In December 2015, 22 of 45 licenses in discoveries and fields were operators, where 15 were 

operators for fields on stream. This represents almost a doubling over the past 15 years 

(Norwegian Petroleum Directorate, 2016). This increase mainly occurred between 2010 and 

2013. Most of the companies became production operators by developing discoveries where 

they operated as explorers. As for example when Eni took Marulk through to start-up in 2012. 

Other companies acquired operator status by farming into fields on stream. As when 

Wintershell took over Statoil´s (Now Equinor) operations of Brage in 2013 and when Faroe 

Petroleum became operators of Trym and Oselvar through acquisition in 2016. Most of the 
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increases of operators are due to an increase in medium-sized companies and European 

gas/power companies (utilities) (Norwegian Petroleum Directorate, 2016).  

After this period with substantial growth, a slight reduction of operators for field on stream 

occurred in 2016. This supported the impression of consolidation in the production phase. As 

when Shell acquired BG and when Det Norske and BP merged and formed Aker BP. Even 

though there have been a relatively stable number of operators the last couple of years, Point 

Resources’ purchase of ExxonMobil´s operated interests proves that the player picture on the 

Norwegian continental shelf is constantly changing (Norwegian Petroleum Directorate, 2016).    

 

Players in the exploration phase 

Companies involved in the exploration phase today display considerable diversity, which has 

resulted in a high level of activity, increased competition and a greater variety of ideas 

(Norwegian Petroleum Directorate, 2018). Because of the many mergers between supermajors 

in the late 1990s and around 2000, exploration was initially dominated by a limited number of 

players, primary large international and Norwegian companies. However, the diversity on the 

shelf has increased from the mid-2000s (Royal ministry of Finance, 2018).  

The number of production licenses has more than doubled since 2000 and the medium-sized 

category has seen the largest increase in holdings. Together with the large Norwegian 

companies, they account for about 70 percent of license in 2017 (Norwegian Petroleum 

Directorate, 2018a). A large factor for this increase is the tax reimbursement system for 

exploration costs, established by the Norwegian government in 2005, which will be further 

elaborated later on.   

 

3.1.3 Norwegian Petroleum Taxation 

“The overall objective of Norway’s petroleum policy has always been to provide a framework 

for the profitable production of oil and gas in the long term. It has also been considered 

important to ensure that as large as possible a share of the value creation accrues to the 

state, so that it can benefit society as a whole. This is partly obtained by the tax system” 

(Norwegian Petroleum, 2018b).  
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The petroleum taxation is based on the Petroleum Taxation Act (Act of 13 June 1975 no. 35). 

The oil companies are subject to an additional special tax due to the extraordinary returns 

from extracting petroleum resources. In 2017, the ordinary corporate tax was 24 percent and 

the special tax was 54 percent. In 2018 the corporate tax was adjusted to 23 percent and the 

special tax to 55 percent. This gives the oil companies a marginal tax rate of 78 percent. The 

high marginal tax rate is partly offset by favorable tax depreciation rules. It constitutes of a 

six-year straight line depreciation period and also an additional write-off of 5.2% of 

investments for four years (Norwegian Petroleum, 2018b).  

The petroleum taxation system is intended to be neutral, so that investments that are profitable 

before tax is also profitable after tax. This ensures that companies carry out all profitable 

projects. To ensure this, the company´s net profit is taxable, and losses may be carried 

forward with interest (Norwegian Petroleum, 2018b). 

In general, only the net profit is taxable, and royalties are no longer a part of the tax system. 

Deductions are allowed for all relevant cost such as costs associated with exploration, 

research, development, financing, operations and decommissioning. Consolidation between 

fields are allowed, which means that losses from one field can be written off against income 

from operations elsewhere on the shelf (Norwegian Petroleum, 2018b).  

 

Reimbursement system for exploration costs  

Explorations costs are cost incurred with the purpose of locating and discovering petroleum 

resources, such as geological surveys, drilling costs, acquisitions and shooting for seismic and 

all administration costs related to these activities. These costs are considered as operating 

expenses (OPEX) and may be a subject to immediate expenses (Petroleum Tax Act no. 35 of 

1975).   

Companies that are not in tax position, which means that they do not have any taxable 

income, may carry forward losses and uplift to subsequent years, with interest. This is called 

the reimbursement system for exploration costs and was introduced in 2005 to reduce the 

entry barriers and encourage profitable viable exploration activity after a low annual figure for 

exploration wells in late 1990s and early 2000s. Companies that are making losses may 

choose between requesting an immediate refund of the tax value (78%) of the exploration 
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costs or carry the loss forward. This system ensures that companies are treated equally 

(Norwegian Petroleum, 2018b).  

Even with the reimbursement system, the exploration costs need to be financed. For a small- 

and medium-sized company, such a loan would be offered with a substantial risk premium 

before this regulation. Now, companies can finance up to 78 percent of the exploration cost at 

a much lower interest rate. With this reimbursement system, the government takes the 78 

percent of the risk in the exploration phase.  

 

Figure 2: Development in exploration wells and number of applications in NCS licensing round (Source: 

Norwegian Petroleum Directorate)  

This measure from the Norwegian government changed the player landscape on the 

Norwegian shelf. The system made it more attractive for small- and medium-sized companies 

to operate in the exploration and development part of the value chain. It also impacted number 

of exploration projects and the interest from smaller companies to explore on the shelf. This is 

seen from Figure 2, where the number of exploration wells increase significantly after 2005. 

Also, the number of applications in the licensing round grew a lot after the reimbursement 

form was introduced.  

The unique taxation of the industry has participated in forming the player picture on the shelf 

today. These measures done by the Norwegian government have contributed to changes in the 

player landscape on the Norwegian continental shelf.  
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3.1.4 Value Chain  

The value chain for the oil and gas industry can be divided into three main parts: Upstream, 

midstream and downstream activities, as seen from Figure 3. The upstream activities, the 

segment that this thesis is focusing on, include exploration and production of oil and gas. The 

main players in this segment are the energy companies, often referred to as Exploration and 

Production companies (E&P) (Olesen, 2015).  

Figure 3: Value chain for the oil and gas industry (Source: Olesen, 2015).  

 

The upstream segment  

The upstream industry is arguably the most complex sector in the oil and gas industry. The 

upstream activities are highly capital-intensive, highly risky, highly regulated and need a high 

level of technology (Ekt Interactive, 2018). The equipment used for exploration and 

production is extremely expensive and the sector depends on knowhow from geologists 

regarding the exploration and engineers that construct the rigs and drills ships. The sector is 

furthermore characterized by a large degree of uncertainty as only few explorations can be 

used commercially (Olesen, 2015). The upstream sector can be further divided into five 

segments, as seen from figure 4. As the transactions in this thesis are divided into transaction 

types, which are reflected in the value chain, a review of the different segments is conducted.  

	

Figure 4: Value chain in the upstream sector of the oil and gas industry (Source: Olesen, 2015)  

 

Exploration Production Transportation Refining Marketing

Oilfield	services

UPSTREAM MIDSTREAM DOWNSTREAM

Tender	and	
concession	 Exploration Development Production Field	

abandoning



32	
	

Exploration activities  

The oil and gas resources are owned by the Norwegian state. In order for companies to extract 

the resources from the ground, the state grant concession rights to E&P companies (Olesen, 

2015). The Norwegian licensing system consists of two equally important types of rounds: 

numbered licensing round for the least explored areas (frontier areas), and awards in 

predefined areas (APA) (Norwegian Petroleum, 2018d).   

The numbered rounds, which are held every second year, are used for the areas where there is 

limited knowledge of the geology, lack of infrastructure and more technical challenges 

(Norwegian Petroleum, 2018d). APA licensing rounds are used for mature areas, where there 

have been petroleum activities for many years. The infrastructure is well developed, there are 

fewer technical challenges and the geology is well known (Norwegian Petroleum, 2018c).  

When a company has been granted concession rights, the exploration phase consists of three 

main activities: Seismic surveys and analysis, exploration drilling and commercial evaluation. 

This phase involves several actors, both in the seismic surveys and the explorations drillings. 

The E&P companies contract specialized contractor to do the analysis and to design and drill 

the wells (Olesen, 2018).  

 

Development and installation  

The development phase generally consists of four steps: building the production platform, 

transportation and logistics, installation of the production platform and drilling of production 

wells (Olesen, 2015).  

If it is decided to develop the field after exploration, the E&P companies begin to carry out 

preliminary engineering. This includes deciding on the type of project concept, what type of 

rig or platform to install, and to choose contractors. The production of rigs and platforms 

include many actors. To manage these complex series of contracts, the E&P often set up its 

own management team (Olesen, 2015).  

After completion of the rigs and platforms, the structures must be transported to the final 

assembly site. The transportation and logistics are often carried out by offshore logistics 

companies and onshore base facilities. Following the completion of the production platform, 
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the drilling of the production wells are initiated. This is usually done by a drilling contractor 

(Olesen, 2015).   

In this part of the value chain, the E&P´s coordinate and control all activities, but they only 

perform limited activities themselves. This part of the value chain requires large investments 

for the building, installation and transportation of the rigs and payment to the contractors.   

 

Production  

The production phase of the value chain in the upstream sector is by far the longest. It can last 

between 20 and 40 years. The daily operations on the field are basically the extraction of oil 

and gas, where the E&P companies perform this activity. Usually there are several E&P´s that 

own a share in an oilfield, to share and distribute risks. The operator on the field is 

responsible for the production and it usually the largest shareholder. In the operations part of 

the production, the E&P´s are often supported by contractors (Olesen, 2015).  

As the platforms often operate in 20-40 years, they need maintenance during their lifetime. 

Daily maintenance is often carried out by the E&P´s. The first-line maintenance, the 

insurance of a safe and stable production and special repairs, are normally performed by 

contractors (Olesen, 2015).  

Supply vessels transport almost all equipment and goods on the installations. The activities in 

the logistics chain are coordinated and controlled by the E&P´s but they involve several 

external actors. Shipping companies, such as Maersk Supply Service, operate these supply 

vessels. Also, companies that perform onshore activities, as port operators and logistics 

suppliers, are included in the production phase of the value chain (Olesen, 2015). s 

 

Field abandoning  

When the oilfield has reached its end of lifetime, the regulations in most countries require all 

facilities removed (Olesen, 2015).  Shutdown and disposal of facilities is regulated in Chapter 

five of the Petroleum Act and Chapter six of the Petroleum Regulations (Norwegian 

Petroleum Directorate, 2018b). The disposal process begins when a facility is no longer being 

used and requires that the facility removed, and the area cleared. A detailed description of all 

phases of the decommissioning plan is required from the licensees. The plan must be 



34	
	

submitted to the Ministry of Petroleum and Energy five years at the earliest and two years at 

the latest prior to a license expiring or being relinquished, or when use of facility ceases 

(Norwegian Petroleum, 2018e).  

 

3.2 Oil Price 

3.2.1 Determination of the Oil Price 

The price of crude oil is determined by the thousands of transactions that occur all over the 

world every day. Transactions concern spot transactions, future markets and contract 

agreements, and among those involved are crude producers, oil traders, speculators, refiners 

and OPEC (Inkpen & Moffett, 2011).  Equilibrium oil price is set to where demand equals 

supply. A change in the oil price results from both changes in actual demand and supply, as 

well as expectations to the price. Over the past decades, various factors such as shortage and 

oversupply have influenced these channels and created volatility in the oil price (The 

Economist, 2014).  

Demand for oil is the demand for its compounded products, such as gasoline, jet fuel, diesel 

and lubricant. The demand is closely related to economic activity and has risen over the past 

decades due to development and industrialization. The elasticity of demand and supply of oil 

measures the responsiveness to supply and demand of oil after a change in the market price of 

oil. The elasticity of demand is fairly inelastic, meaning the responsiveness to price changes is 

low. This is due to the lack of alternatives, especially in the short run. Supply reflects the 

ability of oil exploration and is affected by weather and geopolitical factors (Inkpen & 

Moffett, 2011).   

The oil price is a common term used for a wide range of prices for different crude oil types. 

Crude oil varies by composition, quality and location. It is therefore common to use 

benchmarks to value the commodity based on characteristics of the oil. The three most 

common benchmark indexes to use are Brent Blend (Brent), West Texas Intermediate (WTI) 

and Dubai (Fateh). The prevalence of the benchmarks depends on location and Brent is most 

used in Europe and Africa, while WTI and Dubai Crude is common in the U.S. and Asia 

respectively.   
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Historically, there is a close correlation between the benchmarks, signaling that the 

benchmarks are affected by the same factors and follow the same pattern. Today, 

approximately two-thirds of the world´s crude oil sells at prices pegged to the Brent. The 

Brent benchmark concerns oil extracted from the fields in the North Sea and is thus the most 

relevant benchmark price for Norway (Inkpen & Moffett, 2011). As a result, the Brent will be 

used as price benchmark, referred to as the oil price in the thesis.  

 

3.2.2 Historical Development 

This thesis focus on transactions from 1998 and onwards and it is relevant to look at the 

historical oil price development over the same period. The historical oil price is illustrated in 

Figure 5. In December 1998, the oil price reached its lowest level in recent history at USD 

9.64 per barrel of oil (Bloomberg, 2018a). The weakened oil price is associated with reduced 

demand due to the Asian financial crisis in mid-1997 followed by economic crisis in Russia, 

Brazil and Argentina. The financial crisis was offset by a combination of macro-economic 

imbalances, external circumstances and a weak corporate- and financial system. IMF 

intervened by giving financial support with loans such that the economies could stabilize. 

Already one year after, in 1999, many of the countries showed signs of recovery (IMF, 2000). 

The global economy recovered resulting in increased demand for oil. In addition, there were 

cuts in oil production. As a result, the oil price started to recover in 1999. 

 

Figure 5: Historical oil price (Source: Bloomberg) 
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2001-2007 

In the end of 2001, The Organization of the Petroleum Exporting Countries (OPEC) decided 

to cut quotas to reduce production. The measures should be set in place from 2002 and 

onwards. This was done as an incentive to raise prices after a period of low oil prices (CNN, 

2001). Figure 6 illustrate the historical OPEC production in relation to the global supply.  The 

graph shows that the agreement reduced OPEC production significantly as well as reduced the 

global supply for oil. During the following years of recovery, two major exogenous events 

influenced the supply of oil. Firstly, a strike among oil workers in Venezuela in 2002 caused a 

sharp drop in Venezuelan oil production (OPEC report, 2002). As a result, global supply for 

oil fell 2.5 percent shown in Figure 6.  Secondly, the 2003 Iraq war caused a production 

shortfall. However, the oil price remains fairly stable due to increased oil production 

elsewhere and the fact that demand was less affected than by similar, previous events. The 

events above showed the oil price could be fairly resistant to oil supply shocks, which was 

quite remarkable at that time (OPEC report, 2003).    

 

Figure 6: Global supply and OPEC production (Source: Bloomberg)  

The oil price experienced significant growth over the following years and increased by more 

than 320 percent from January 2002 to August 2006 (Bloomberg, 2018a). There is evidence 
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individual, small increases in demand for oil occurred as a result of unexpected expansion of 

the global economy, particularly in the Asian region. Prices rose, as oil producers were not 

able to meet this additional demand (OPEC report, 2004) (Hamilton, 2009). The rise in the oil 

price lead to a boost in the activity in the Norwegian petroleum sector. In 2002, oil composed 

of 45 percent of total exports in Norway, while in 2006 it was as high as 51 percent, one of 

the highest levels in history (Norwegian petroleum, 2018g).  

The oil price experienced an increasing trend with significant spikes during the period from 

2005 to 2007 due to major events across the globe. Economic growth in developing countries 

continued, driving the demand for oil to rise. As shown in Figure 7, Chinese economy grew 

significantly over the period with an average year-over-year of 12.5 percent. The rapid growth 

resulted in increased need oil for further growth and production. Their demand for oil grew by 

0.6 million barrels per day in 2006 and by the end of the year their average demand was 7.14 

mill barrels per day.  The same year China and Middle East contributed to 70 percent of the 

growth of world´s demand for oil (OPEC report, 2006).  

 

Figure 7: Oil price and GDP growth in China (Source: Bloomberg)  
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losses occurred and supply for oil was affected (BSEE, 2018). In addition, global supply over 

the period was reduced further as Russia experienced a leakage in one of their pipelines 

weakening the Russian supply and the production in the North Sea was short (OPEC report, 

2006).  

However, by the end of the period, it was indication on a bearish momentum as demand fell 

and the tension in geopolitics in the Middle East eased out. As a result, OPEC decided to 

interact and to reduce output in 2006 and 2007 with an aim to prevent prices from falling 

(OPEC report, 2006). Figure 6 show the cut reduced OPEC production relatively little 

compared to the cut back in 2001. 

 

2008-2012 

In July 2008 the Brent price reached USD 140 per barrel of oil, which is an all-time high 

price. Even though the financial crisis started in late 2007 and early 2008, a weak U.S. dollar 

had sparked investment in the oil market driving prices up. In addition, low refinery outputs 

and strong demand from China caused record high prices. However, the peak in July 2008 

was followed by a significant decrease due to the financial crisis. The global recession had a 

tremendous negative impact on economic growth around the world. It caused a fall in general 

production and demand for industrial commodities was sharply reduced (OPEC report, 2008). 

Demand weakened significantly while supply remained strong. In addition, there was lack of 

optimism in financial markets pushing prices further down. The oil price fell significantly the 

next seven months, from USD 140 in July 2008 to USD 40 in February 2009.   

The reduction in world oil consumption continued in 2009, as world oil consumption reduced 

by 1.6 percent equal to a year over year decline of 1.3 million barrels per day. After the 

financial crisis, producers held large oil reserves as the supply had remained high during the 

recession. The increased supply globally during the recession is shown in Figure 6. This 

prevented the oil price from recovery in the early 2009, even though the global economy 

started to recover fully. By the end of 2009, the oil market started to recover and the price per 

barrel of oil was just below USD 80, which was the highest level in over a year. The market 

perceived this as a signal of economic recovery and strengthens of the global growth (OPEC 

report, 2009).  
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The end of 2009 to 2012 was a new period of strong oil price growth. The driver for this 

growth was mainly recovery from the financial crisis due to global economic growth. Demand 

for oil increased and the global macroeconomic situation strengthen. The civil war in Libya in 

2011 pushed the oil price up significantly. The nation normally produces 1.6 million barrels 

per day but due to the war, staffs were evacuated such that production and exports were 

affected. In addition, the fear that the unrest would spread to regions nearby such as Saudi 

Arabia drove the oil price further up (Webb & Bawden, 2011).   

The significant increase in 2011 was mainly due to turbulence in the Middle East and North 

Africa region, which affected oil supply from the area (OPEC report, 2011). The area, which 

consists of mostly OPEC countries, has approximately 58 percent of the total oil reserves in 

the world. This implies the countries have large impact on the global oil price (OPEC, 2012). 

Figure 6 shows that OPEC production and global supply for oil historically have fluctuated in 

the same pattern, supporting the importance of OPEC production in price fluctuations.   

In Europe, a debt crisis was a fact. The Greek government debt crisis resulted in the nation´s 

economy declining 6.8 percent in 2011. This led to economic uncertainty around the world, 

especially in Europe. The market feared it could spread to other countries (OPEC report, 

2011). In 2012, the crisis spread from Greece to Spain and Italy. Three large European nations 

experienced debt crisis, and as a result there was uncertainty in the global market. It feared the 

global economy would be threatened, as Italy was the third largest sovereign debt market 

globally and because the Euro-zone was the second largest oil consumer in the world after the 

U.S.  

In 2012, fluctuations in the oil price were high. Second to fourth quarter was characterized by 

gloomy economies such as in the Euro-zone, generous oil supplies and a significant amount 

of sell-offs by speculators. This led to a sizable reduction in the oil price. In the following 

periods, the economic situation in the U.S. got better leading to improved economic 

expectations and more support in the oil marked. Furthermore, the continued tensions in 

Middle East and North Africa, tight supply in the North Sea, and reduction in oil stockpiles 

drove prices up (OPEC report, 2012).  
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2013-2015 

2013 to mid-2014 was a fairly stable period for the oil price due to relatively stable economic 

outcomes and expectations about future price. However, in June 2014, another remarkable 

drop in the oil price began. Weakened demand growth and excess supply resulted in a falling 

price.  North American output grew more rapidly and was now alone more than enough to 

meet expected global demand (OPEC report, 2014). From 2011 to 2015, production in the 

U.S. grew by more than 45 percent due to more efficient drilling and extraction activity (Tuv, 

2016). This created a lot of spare capacity driving prices down.   

Other nations also strengthen its supply through the same period, such as Liberia and Canada, 

where production increased significantly. Saudi Arabia, with their allies in the Persian Gulf, 

decided to not sacrifice their own markets share to restore the price. Saudi Arabia is a 

powerful oil nation with approximately one third of OPEC production and a decision to lower 

its production would have reduced world supply and impact the price significantly. However, 

they did not curb production as it would have benefited countries they had a tense relationship 

with, such as Russia and Iran. Saudi Arabia can easily tolerate lower oil prices as their costs 

of oil production is low compared to the rest of the world and they had large oil reserves at 

that time (The Economist, 2014).  

Furthermore, economic growth in Europe and China slowed down over the same period. In 

2015 the demand for energy in China reached the lowest level since 1998 and grew much less 

than anticipated. The growth of the Chinese economy started to flatten out and it largely 

impacted the oil price as China was the largest net importer of oil in the world (OPEC report, 

2015). This statement is supported by Figure 7, which shows a high correlation between GDP 

growth in China and the oil price. There is a tendency that the growth of the Chinese economy 

and the oil price fluctuates in the same pattern.   

 

2016-2018 

In 2016 the oil price began to rise again. For the first time in ten years, OPEC and non-OPEC 

countries decided to jointly limit oil production by reducing it by 1.2 million barrels per day. 

Figure 6 shows the significant drop in total OPEC production after the decision. The deal was 

made to push the price upwards after more than two years of low prices (Soldatkin et al, 

2016).  A survey by Reuters (2017) indicated that already in January 2017, the countries had 
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successfully reduced 82 percent of promised cuts globally. Saudi Arabia, the world´s largest 

oil producer, even cut more than promised to set a good example (Lawler & Gamal, 2017).  

Strong price levels in 2017 were supported by the decision by OPEC and non-OPEC countries 

to continue the restricted production levels throughout the year. Furthermore, in November 

2017, they decided to extend the production agreement throughout 2018. Strong economic 

growth and stable financial markets during the year strengthen demand and pushed prices 

upwards (OPEC report, 2017).   

The oil price kept rising until the October 2018, indicating that the cuts were effective. 

Venezuelan production declined throughout the year, even though the nation held the world’s 

largest oil reserves. The fall was due to civil unrest and economic collapse. As a result, global 

supply for oil declined and the oil price was pressured upwards (Kassai et al, 2018). 

Furthermore, in May, Donald Trump announced that the U.S. would withdraw from the 

nuclear agreement with Iran and other countries. The U.S. re-imposed sanctions on Iran, 

meaning, among other things, that they would not buy oil from Iran. In addition, the U.S. 

stated that they would impose sanctions on the other countries in the nuclear agreement if 

they bought oil from Iran. The agreement influences export of oil from Iran and as a result the 

oil price jumped by 3.15 percent at the day of the announcement (BBC, 2018).  

The trend of upward rising oil price had a turnaround in October 2018. OPEC and allies 

feared the disappearance of Iranian supply due to Trump´s sanctions. As a result, they backed 

out of the production agreement from 2016 and production increased to all time high levels 

for powerful oil countries like Saudi Arabia and Russia. At the same time, Trump decided to 

withdraw the sanctions on some of the countries buying oil from Iran. The increased 

production and removal of sanctions sent the oil price from USD 86 to USD 54 in the last 

quarter of 2018. In a couple of months, the market turned from a tight market with an 

increasing price to a market with large excess supply and a falling price (Hetland, 2016). The 

last trading day of 2018, the Brent crude price was USD 53.8 (Bloomberg, 2018a).  

 

3.2.3 Historical Development of the Activity on the Norwegian shelf  

Norway is a small player in the global market for crude oil. Norwegian production only 

covers approximately two percent of global demand leaving the country as the 14th largest 
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producer worldwide (Norwegian Petroleum, 2018f). This means changes in Norwegian 

supply will have little impact on the global Brent crude price, and the above analysis of the 

historical development of the price indicate that, historically, Norwegian supply have had 

little impact on the price in previous years.  However, it is necessary to look at historical 

activity in the Norwegian industry as the thesis focus on transactions on the Norwegian 

continental shelf.  

Philips Petroleum discovered the Ekofisk oil field, one of the largest oil fields ever found at 

sea, in December 1969. The 1970s is said to be the start of the Norwegian oil adventure as 

major discoveries happened and production started fully (Government.no, 2013). The period 

from 1970 to 1995 represent a period where production of oil has increased significantly 

while production of gas has been fairly stable. However, from 1995 and onwards, there has 

been shift towards production of gas from production of oil. In 2001 oil production in Norway 

were all time high at 3.4 million barrels of oil equivalents per day, including oil, natural gas 

and condensate. This is almost the double of the level in 2018 (Norwegian petroleum, 2018f).  

As the oil price rose, more projects were profitable so investments and activity on the 

Norwegian shelf increased relatively (Hetland, 2016). From 2008 to 2012 the oil industry 

grew by 20 percent, and the rapid growth was mainly due to a rising oil price and new 

discoveries on the Norwegian continental shelf (EY report, 2014).  

The falling oil price in 2014 made it hard to remain profitable production in Norway. 

Revenues on the Norwegian continental shelf fell by 35.5 percent from 2014 to 2016. In 2016, 

the largest drop in profitability and revenue was experienced in the exploration and 

production (E&P) segment. The segment struggled with cost overruns on construction 

projects and underutilized capacity (EY report, 2018).  

Costs related to drilling and extraction is more expensive in Norway compared to large oil 

nations such as the U.S. and Saudi Arabia. Norwegian producers had been experiencing an 

increasing cost level in the years until 2013, so structural changes and cost cut was necessary 

even before the price fell to remarkable levels in the beginning of 2015. As a result, 

Norwegian oil producers had to cut costs to be competitive in a global perspective. This has 

led to several rounds of job cuts, where approximately 40.000 jobs have been cut over the past 

years, equivalent to a 27 percent reduction of jobs since the peak in 2014. (Hetland, 2016). 

The actions have resulted in efficiency gains and proved that the Norwegian oil and gas 
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industry is adaptable to the new market conditions. The previous sharp decrease in revenues 

has flattened out and the EBIT-margin has started to rise again. The E&P segment is the most 

challenged area due to low oil prices and oversupply of capacity (EY report, 2019). 

Overall, the oil price and the production on the Norwegian continental shelf has been affected 

several factors, mainly economic, political and ecological changes. Historically, there have 

been significant fluctuations in both the oil price and production, which is reflected in the 

evolution of the player landscape on the Norwegian continental shelf, driven by transactions 

in the industry. These changes create the foundation of the analysis and will be further 

elaborated on in the following sections.  
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Chapter 4 
 

Data Description 

 

This section clarifies how the data was gathered for the research and describes the variables in 

the dataset. A discussion on the impact and implication of using count data is done. 

Furthermore, the section explains the treatment of the dataset by looking at seasonal 

adjustments, logarithmic transformation and treatment of outliers and level shifts.  

 

4.1 Description of Variables  

4.1.1 Dependent Variables 

Transactions 

M&A activities in the oil and gas industry are usually broader defined than the traditional 

definition of M&A. According to Hsu et al. (2017), M&A activities in the oil and gas industry 

include the acquisition of assets related to oil and gas, such as properties or reserves (Hsu et 

al. 2017). The traditional definition refers to the acquisition of one company by another 

company or the merger of two companies to form a new business entity. The data collected 

for the dependent variable, transactions, is based on the definition given by Hsu et al. Thus, 

including acquisitions of oil fields and reserves as well as mergers and acquisitions of 

companies.  

The data for the monthly number of transactions on the Norwegian continental shelf was 

collected from several sources. It is a collection of data from the investment banks Pareto and 

Sparebanken 1 Markets, as well as data from Wittemann E&P Consulting, a consulting 

company delivering consulting services to the E&P sector. Furthermore, the data is cross-

checked with the Norwegian Petroleum Directorate´s list over changes in ownership of 

production licenses to ensure as complete list as possible.  

The selected time interval spans 20 years from Jan-01-1998 to Dec-31-2018. This time range 

is chosen to strike a compromise between the availability of data and a sufficient long period 

of data sample to include different trends in the industry.  
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Available information about historical transaction from the investment banks goes back to 

2000, so the information on deals from 1998-2000 is gathered from Norwegian Petroleum 

Directorate. Even though data is collected from several reliable sources, it is not possible to 

be certain that every deal from 1998-2018 is included in the dataset. However, the authors are 

confident that the dataset includes most of the deals on the shelf in the time period given, and 

that the dataset is able to give a true and valid picture of the reality. Thus, the data will be 

sufficient to investigate the relations of interest.  

The following data concerning the transactions were collected: transaction dates, buyer´s and 

seller´s company name, transaction type and company type. The variables are, for the purpose 

of the contingency tables and to investigate hypothesis 4 and 5, divided into seller type, buyer 

type and transaction type. Buyer and seller type are divided into different categories by using 

the characteristics of different oil companies introduced in section 3.1.1. The variable 

transaction type is divided into groups using the value chain for the upstream sector described 

in section 3.1.4.  

Overall, the transaction data yields over 559 observations. The data has been reviewed by 

someone with industry knowledge and hands on experience from the oil and gas industry, 

especially within transactions on the shelf. This further strengthens the validity and reliability 

of the dataset. For a subset of the transactions, it was also possible to find the transaction 

value, but since the data on the value of the transactions is missing for around 80 percent of 

the deals, monthly number of deals as a measure of the M&A activity on the shelf will be the 

focus of this thesis.  

 

4.1.2 Explanatory Variables  

Oil price 

The focus of this thesis is to measure the effect of oil price on the M&A activity on the 

Norwegian continental shelf. As explained in section 3.2.1, the authors have chosen to use the 

Brent crude oil price as this refers to the oil price per barrel of oil from the fields in the North 

Sea. The data is retrieved from Bloomberg and is quoted on a daily basis in USD per barrel of 

oil. However, the data is downloaded on a monthly basis. 
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The dataset contains observations from 1998 throughout 2018 on a monthly basis, which 

yields over 240 observations for each variable. Monthly data is used to capture as detailed 

movements as possible and also to match the transaction data as good as possible. The first 

observation is January 1998 due to limited access to information to some of the variables 

before that date, especially information regarding deals. The last observation in the dataset is 

December 2018. The development and movements in the oil price is described in section 

3.2.2.  

Furthermore, the oil price is deflated. By dividing the price by monthly inflation, which is 

measured by the Consumer Price Index (CPI), the price is converted into real terms. The CPI 

describes the trend in consumer prices of goods and services demanded by private households 

resident in Norway (SSB, 2019). The data is downloaded from Statistics Norway (SSB) on a 

monthly basis.  

For the purpose of the contingency tables, the oil price has been divided into categories from 

low to high. Prices included in the low segment are in the range from USD 0-50. Medium 

prices are oil prices from USD 50-80. Lastly, the high segment includes prices from USD 80 

and up.  

 

4.1.3 Control Variables 

Control variables have been selected to test the robustness of the conclusions, some 

macroeconomic factors, as interest rate and stock market performance will be included. The 

focus has mainly been variables that were found significant by similar studies explained in 

section 2.3  

 

Oil price volatility 

The volatility in the Brent oil price is interesting to consider, as it provides information about 

the uncertainty of the oil price. Extremely high levels of price volatility characterize the 

energy markets, especially in the recent years. The Crude Oil Volatility Index was first 

considered, an index that is based on the 30-days implied volatility. However, the index only 

goes back to 2010, and is therefore not applicable for the entire dataset. For this reason, the oil 

price volatility was constructed specifically for this study.  
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The authors have chosen to use the GARCH-model introduced by Bollerslev (1986), as this is 

the most popular volatility model in the literature. This model allows the current conditional 

variance to depend on past conditional variances and squared innovations, and it has a very 

flexible lag structure (Bollerslev, 1986). By accounting for the information in the lagged 

variables, the model reduces the number of parameters required. The GARCH (1,1) accounts 

for data in one lag for each variable, which is sufficient in most cases (Hull, 2012).  In this 

simple but effective model the conditional variance is modeled as: 

          𝜎!! = 𝛾𝑉! + 𝛼𝑢!!!! +  𝛽𝜎!!!!                                      (4.1) 

Since the weights must sum to unity, it follows that 

          𝛾 + 𝛼 + 𝛽 = 1                                      (4.2) 

Setting 𝜔 = 𝛾𝑉!, the GARCH (1,1) model can be written as: 

          𝜎!! = 𝜔 + 𝛼𝑢!!!! +  𝛽𝜎!!!!                                      (4.3) 

The approach used to find these parameters is the maximum likelihood method, which 

involves choosing values for the parameters that maximizes the likelihood of the data 

occurring (Hull, 2013). The expression to maximize is: 

          − ln 𝑣 − !!
!

!
!
!!!                                       (4.4) 

Figure 8 indicates how the calculations in the model are organized. The optimal estimates for 

the GARCH parameters are found by using Solver in Excel to maximize the likelihood 

function.  
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Figure 8: Estimation of parameters in the GARCH (1,1)  

The volatility of the oil price is the standard deviation, which is found by taking the square 

root of the variance. The volatility of the Brent Crude oil price is illustrated below in Figure 9. 

 

Figure 9: Volatility in the Brent Crude oil price between January 1998 and December 2018. (Source: Bloomberg 

and own calculations) 

 

Oil Production and Oil Equivalent Production   

In other research papers described in chapter two, production has been included as a variable 

to explain the M&A activity. Hsu et al. (2017) found a significant positive effect of output 

growth on M&A activity. As expected, they found that increases in production reveals the 

potential value of assets, which will attract more buyers. In addition, this increases the value 

of assets, thus attracting more sellers to sell their assets. These findings could be consistent 
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with the findings in Ng and Donker (2013) who found that sellers time the market to sell their 

assets. On the background of research papers, it is believed that the production of oil and oil 

equivalents on the shelf will affect the number of transactions.  

Data on the Norwegian production of crude oil and gas is downloaded from Norwegian 

Petroleum Directorate. The data is measured on a monthly basis to match the rest of the data. 

Since the transactions can include both production of oil and gas, total oil and gas production 

is downloaded as well and called oil equivalents production. This variable therefore contains 

barrels of oil production and barrels of oil equivalents production, which includes gas, natural 

gas and condensate.   

 

Gas price – UK Natural Price Future 

Gas price is another macroeconomic variable that is assumed to have an impact on the 

transaction activity as the transactions also includes gas. The gas price was obtained from 

Bloomberg, which reference UK Natural Gas Futures from Intercontinental Exchange (ICE). 

As the other variables, gas price is measured at a monthly basis. In addition, the price is 

deflated using CPI Index, thus the real terms of the gas price are used. 

Figure 10 illustrates the movements of the real crude oil price and the real gas price in the 

period from Jan-01-1998 to Dec-31-2018. The prices have somewhat moved in tandem over 

the time period. However, there are some spikes in both prices, which are not reflected in the 

other price. In the period 2006-2009 the prices followed their own path, as oil prices 

continued to increase, and gas prices fluctuated and declined.  
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Figure 10: Monthly deflated oil and gas prices from 1998-2018. (Source: Bloomberg) 

Hsu et al. (2017) found that the oil price had a strong effect on M&A activity, while the gas 

price did not have a significant effect. They argued that this could be due to the oil price 

dominating the gas price in the sample period. This can also be seen from Figure 10, why it 

will be interesting to see if the same results are true on the Norwegian continental shelf.  

 

Interest rate – debt market conditions  

The interest rate is included as an explanatory variable, as it can provide alternative 

explanations of the favorable financing that could drive M&As. The oil and gas industry is a 

capital-intensive industry, meaning huge investments are required to operate, which demands 

external financing from debt markets. Changes in the interest rate usually have high impact on 

the short-term interest rate in the money market and therefore affect the bank´s deposit and 

lending rates for companies.  

According to Poloncke and Susha (1987), rises in interest rates strengthen the unwillingness 

of buyers to make acquisitions. This negative relationship between interest rates and M&A 

activity is also found in Becketti (1986) and Golbe and White (1993). However, other studies 

such as Steiner (1975) have found evidence of a positive effect of interest rate on M&A. 

Debt market condition is measured as the monthly average yield for 10-year Norwegian 

Treasury Bonds. The data is downloaded from the central bank of Norway.  
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Stock market performance  

As seen in section 2.2, the performance of the stock market is found to be a determinant for 

M&A activity. Mitchell and Mulherin (1996) have found that stock market performance is the 

most robust driver for transaction activity. Owen (2006) has explained that the increasing 

stock market indices often indicate that the country´s current economy is strengthening, which 

could lead to increased profits for firms. These earlier studies indicate that performance of the 

equity market can describe some of the trends in takeover activity. Therefore, it is interesting 

to include the variable in the regression model to see if this also counts for M&A activity on 

the Norwegian continental shelf.  

The stock market performance is measured as the total return of Oslo Stock Exchange 

Benchmark Index (OSEBX) from 1998 to 2018 and is retrieved from Bloomberg. OSEBX is 

an investible index, which comprises the most traded shares listed on Oslo Stock Exchange 

(Oslo Børs, n.d.). The index is used as a proxy for the state of the Norwegian stock market.  

 

4.2 Count Data 
The characteristic of count data is that the dependent variable is a counting number. The count 

data has non-negative, integer values. Thus, it cannot be below zero, as this does not make 

logical sense. It is not common that count data is normally distributed, and it is therefore 

necessary to carefully consider the possible implications with this data type.  

Variables with large count numbers can be treated as approximately continuous, however for 

variables with small count numbers it is an overstatement to make this assumption. Count 

data tend to have a special structure with more observations with lower count compared to 

higher count observations (Stock & Watson, 2012).   

The issues related to data being truncated at zero may be present. The authors collect data on 

the actual M&A deals that go through, but information on the deals that did not go through is 

not included. This may lead to a large amount of transactions left out. However, in this thesis 

the main point is to look for patterns in the actual M&A that did go through, and as a result, 

the issue of truncated at zero is argued to not be a problem.  

The dataset may have excess of zero counts. This is called zero inflation and can lead to 

misleading result in statistical models and tests as the number of zeros in the sample is not 
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accommodated properly. There are models to use if the data has excess of zeros, however it is 

argued to not be necessary to implement such models on the data used in this thesis. In the 

dataset, approximately 25 percent of the time series observations are zero counts. Even 

though this is a fairly large amount, the dataset does not struggle with excess of zero counts. 

In count data, especially when using time series, correlated counts may be an issue. Meaning 

that count data in one period influences the count data the next period. In the context of this 

thesis this means small/large transaction volume today is likely to be followed by small/large 

transactions in the next period. This can be due to the economic situation in Norway or other 

factors influencing the transaction level on the Norwegian shelf.  

As the dataset contains count data regarding transactions, appropriate methods are utilized to 

study the relationship between the transaction level and oil price. Furthermore, the issues 

arising from using count data, which are discussed above, is considered in the analysis.  

 

4.3 Seasonal Adjustment 
Time series can exhibit periodic fluctuations. It is called seasonality and is common in time 

series. It is important to incorporate seasonality into the time series model, if seasonality is 

present. There are various methods for identifying seasonality; look at the plotted time series, 

seasonal subseries plot, autocorrelation plots and box plots (NIST, n.d.). Statistical software 

and plots of time series will be used to detect seasonality in this thesis.  

 

 

Figure 11 – Time series plot of Brent (left) and transactions (right).  
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The time series plots in figure 11 do not indicate any seasonality in the variables. The Brent 

oil price has fluctuated significantly over the past decade, but there does not seem to be a 

seasonal pattern in the fluctuations. The dependent variable, transactions, is count data, thus 

one may find fluctuations in spikes due to seasonal transaction activity. However, the time 

series does not exhibit such pattern which means the plot does indicate any seasonality in the 

M&A activity on the Norwegian continental shelf.  

The X-13ARIMA-SEATS is the statistical software used for detecting seasonal adjustments. 

The seasonal adjustment program is produced and maintained by the United State Census 

Bureau. The software removes the irregular components by performing a weighted average 

procedure on the values that corresponds to the same month. Furthermore, it incorporates the 

possibility that seasonal elements, which correspond to the same month, change over time 

(US Census Bureau, n.d.). The output from the test is found in Figure 12, where the raw data 

are the black lines and the red lines are seasonal adjusted. For both the Brent oil price and 

transactions, the blue and red lines are almost identical which indicate that seasonal 

adjustment is not necessary. This supports the above findings from the plots of the time series. 

As a result, there is not used seasonal adjusted data in the thesis.  

 

4.4 Treatment of Outliers 
In an econometric study it is not desirable with extreme observations as it can give misleading 

results. In the linear regression model, an assumption is the unlikeliness of outliers as it makes 

the estimated regression misleading. In cross-sectional data, outliers are removed from the 

dataset. For times series, it is not possible to remove observations as they have chronological 

importance (Stock & Watson, 2012). As a result, other methods such as impulse or step 

dummies can be applied. If there is one extreme value impulse dummies are used, while step 

dummies are used when there is a shift in the mean (Sjo, 2010). 

The X-13-ARIMA software is used to detect outliers (AO) and level shifts (LS). It seems to 

be an outlier in M&A deals in January 2000. This is due to large amount of transactions in 

that year. The high transaction level can be explained by the fact that supermajors 

consolidated over that period. The outlier is argued to be included in the dataset as its 

essential for analysis purposes and of chronological importance. It is not necessary to use a 

dummy as a method to handle the outlier. This argument is backed by the fact that only one 
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outlier is found and by looking at the plot it the observation is not significantly larger than the 

other observations.  There is not found any outliers in the Brent variable. 

 

Figure 12 – Outlier and level shift detection of transactions (left) and Brent oil price (right)  

It is important to look for level shifts in the variables as these may influence further statistical 

analysis. The X-13-ARIMA software indicates that the Brent price has a level shift during the 

financial crisis. However, by testing for discrete changes in the variable using a breakpoint 

test in R the breaks can be detected. The conclusion is that there is no statistically significant 

structural break during the financial crisis and the level shift will not need to be further taken 

into account later in the analysis. 

 

4.5 Logarithmic Transformation 

In economic time series logarithmic transformation is common practice. It is useful as the 

variance becomes more linear and constant. The tool is useful when the time series exhibit 

growth that is approximately exponential, thus on average it grows by a certain percentage 

each year, so by taking the logarithmic transformation the series grows almost linearly. 

Overall, a logarithmic transformation enables the variables to become easier to interpret 

(Stock & Watson, 2012). One distinguishes between “log” and natural log, “ln”. In this thesis 

only natural logarithms are used, thus throughout the paper natural logarithms is referred to as 

“log”.   

          𝑌 =  𝛽! + 𝛽! log 𝑋                                       (4.5) 

          log 𝑌 = 𝛽! + 𝛽!𝑋                                      (4.6) 

          log 𝑌 = 𝛽! + 𝛽!log (𝑋)                                                          (4.7) 
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Equation 4.5 is referred to as the linear-log model where a one percent change in X is 

associated with a 0.01β1 change in Y. Secondly, equation 4.6, is a log-linear model where Y is 

in logarithms, but X is not. Thus a one unit change in X is associated with a 100* β1 percent 

change in Y. Lastly, equation 4.7 is a log-log model where a one percent change in X is 

associated with a β1 percent change in Y, thus β1 is the elasticity of Y with respect to X (Stock 

& Watson, 2012).  

The oil price variable, Brent, shows indication of an exponential trend and a logarithmic 

transformation is therefore argued to be relevant. However, in the regression model analysis 

and contingency table analysis logarithmic transformation is not necessary. As a result, log 

transformation on the Brent variable is only used in the Granger causality analysis.  
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Chapter 5 
 

Econometric Theory and Empirical Results 

 

In the following section, the econometric theories and models that create the fundament of the 

analysis will be described, followed by estimations and empirical results. The overall 

objective of this section is to test how the oil price affects the M&A activity on the 

Norwegian continental shelf. First, graphs and plots indicating that there might be a 

relationship between changes in the oil price and transaction activity will be presented. 

Following this, contingency tables and test on the background of these tables will be 

presented. Next, the relationship will be investigated in a Poisson regression model and the 

results will be discussed. Finally, Granger causality between the variables is inspected and 

tests on the specific models are showed. 

 

5.1 Plots and Graphs 

By plotting the yearly transaction volume against the Brent oil price, one can detect whether 

there seem to be a relationship between the variables. In the graph below is the number of 

transactions plotted in columns each year and the range of the count number is on the left-

sided X-axis. The oil price is plotted as a line chart with the oil price range plotted on the 

right-sided X-axis.  
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Figure 13: Yearly number of transactions and yearly average oil price. (Source: Bloomberg and Norwegian 

Petroleum Directorate).  

Looking at Figure 13, it seems like there might be an association between the fluctuations in 

the oil price and number of transactions on the shelf. The graph indicates a positive 

relationship between price and transaction, meaning that an increasing oil price leads to 

higher transaction activity. From 1998 to 2000 the oil price as well as the number of 

transactions were increasing. The following two years, the oil price and the transaction 

activity on the shelf experienced a fall.  

In 2002, the price started to rise again and reached USD 97 in 2007. In these years there was a 

significant increase in number of transactions yearly, which strongly indicated that there is a 

relationship between the price of oil and M&A deals in the upstream oil sector. In addition, as 

seen in Figure 1 the total number of players on the shelf almost doubled over the same period. 

The financial crisis in 2008 caused a significant drop in the oil price, where the transaction 

activity also slowed down. However, the drop in transactions came in 2009, which indicate 

that the oil price might have a lagged effect on M&As. This was also the case in 2014 when 

the oil price experienced a huge fall and the effect on number of transactions was first seen in 

the following year.  
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Figure 14: Yearly number of transactions where medium-sized companies are buyers and yearly average oil 

price. (Source: Bloomberg and Norwegian Petroleum Directorate).    

As earlier stated in section 4.1.1, the transactions are divided into transaction type, buyer type 

and seller type. Figure 14 shows the oil price and total number of transactions with medium-

sized buyers. The movements of transactions in figure 14 looks similar to figure 13, thus it 

seems like the medium-sized companies are timing their transactions with the oil price. These 

indications are not as clear for all buyer types and seller types, which make it even more 

interesting to investigate. In appendix 1-3 graphs on all seller types and buyer types are 

presented.  

The different transaction types seem to have a timing relationship with the oil price. As for 

the buyer and seller types, it seems to be a difference between the transaction types. This is 

expected. The transaction type Production, as an example, are transactions made on a 

producing field which are directly affected by the oil price as the reserves are proved. The 

transaction type Exploration is not as directly affected, as this is not a producing field, so the 

reserves are not proved. However, the exploration fields are also valued on the basis of the 

future cash flows the field can produce. This means the transaction value will be affected by 

the oil price outlook, just like a producing field, however the difference is whether the 

reserves are proved rather than possible. This might indicate that some transaction types are 

more correlated to the oil price.  
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Based on the indications from these graphs, econometric theories and models will be used to 

further investigate the associations between price and number of transactions. Furthermore, 

the paper will try to figure out if there are buyers, sellers and transaction types that are more 

correlated and affected by changes in the oil price and the level of the oil price.  

 

5.2 Contingency Tables 

As the thesis aims to establish relationships between buyer types, seller types and transaction 

types with the levels of the oil price, contingency tables and tests on these tables have been 

conducted. The purpose of these tests is to find out if different types of companies in the 

upstream sector show distinct takeover behavior. Furthermore, the tables might tell whether 

some of the transaction types are more correlated to the oil price than others.  

 

 

 

Figure 15: Contingency tables for statistical tests.  

 

 

Transaction	Type/Oil	Price Low Medium High Total
Corporate	M&A 19 18 21 58
Exploration 36 55 119 210
Discoveries 34 27 37 98
Development 27 14 12 53
Production 39 20 33 92

Total 155 134 222 511

Buyer	Type/Oil	Price Low Medium High Total
International	Independent 25 6 10 41

Large	Norwegian 36 8 13 57
Medium-sized 36 49 93 178
Small	Company 32 47 94 173

Utilities 16 25 42 83
Total 145 135 252 532

Seller	Type/Oil	Price Low Medium High Total
International	Independent 40 32 38 110

Large	Norwegian 44 10 18 72
Medium-sized 39 49 120 208
Small	Company 11 33 60 104

Utilities 11 13 20 44
Total 145 137 256 538
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5.2.1 Chi-Square Test 

There are several methods for finding out the differences between two independent samples. 

The chi-square test is used to assess the independence of the variables. This test tells whether 

the two qualitative variables are independent of each other or related by taking the proportion 

of responses found in the combination of the different categories of these variables into 

account (Israel, 2008).  

The requirements for this measure are (Israel, 2008): 

1. The variables should be measured on a nominal (categorical) scale  

2. There should be independence among the measures  

3. The test should be conducted on actual frequencies and not on percentages on ratios  

4. The sample size should be sufficiently large, and no more than 20 percent of the cells 

should have an expected frequency of less than five and no cell should have an 

expected frequency of less than one.  

Hypothesis testing requires that the underlying distribution is approximately normal for the 

tests to work well. The dataset in this analysis consists of count data, which means the 

assumption of normality is violated. However, as all the expected frequencies are above five, 

the underlying distribution is approximately normal.  

 

The hypotheses for the test (Newbold et al, 2013): 

𝐻!:𝑇ℎ𝑒𝑟𝑒 𝑎𝑟𝑒 𝑛𝑜 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛𝑠 𝑒𝑥𝑖𝑠𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠                       

𝐻!:𝐴𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑖𝑠𝑡                                                                                                           

The chi-square test statistics is found by the following calculations: 

          𝜒! = !!"!!!"
!

!"#
!
!!!                                       (5.1) 

Where Oij is the observed number of transactions and Eij is the expected number of 

transactions if there is equal probability of transactions happening in periods of low, medium 

and high Brent oil price. The chi-square test statistics is compared to the relevant critical 

values based on the chi-square distribution and the critical values for test can be found in 

appendix 4. The null hypothesis is rejected if the test statistics is larger than the critical value 

(Stock & Watson, 2012). 
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The tests are based on the following decision rule: 

          𝑅𝑒𝑗𝑒𝑐𝑡 𝐻!𝑖𝑓 !!"!!!"
!

!!"
> 𝑥 !!! !!! !

!!
!!!

!
!!!                (5.2) 

 

Figure 16: Results from the chi-square test.  

The null is rejected for all the three tests, meaning that transaction type, buyer type and seller 

type are significant associated with the oil price. It is interpreted that at least on buyer type, 

seller type and transaction type is favored when the oil price is low, medium and high. This 

indicates that different type of sellers and buyers show different type of takeover behavior, as 

stated in the proposed hypothesis 4.  

The chi-square analysis can tell something about the association between two variables, but it 

does not tell anything about which cells in the table that contribute more to the association. 

However, by using the Haberman´s Post-Hoc analysis of the chi-square test, this can be 

investigated further (Israel, 2008).  

 

5.2.2 Haberman´s Post-Hoc Analysis 

Haberman´s Post Hoc analysis finds which of the test conditions that contribute to the 

significant chi-square result in a contingency table. It is the only test available for post-hoc 

analysis with respect to contingency tables with categories (Israel, 2008).  

The requirements for this test are the following (Israel, 2008): 

1. The data is measured on a nominal scale. 

2. The data should have been tested for significant chi-square analysis and have 

significant values.  

Haberman´s formula to compute the standard normal deviate for each cell in the contingency 

table: 

Type Chi-squared	 Critical	Value	(5%) Null	Hypothesis:	No	association	
Transaction 49,1490 18,307 Reject

Buyer 74,8097 15,507 Reject
Seller	 75,3221 15,507 Reject

Chi-Square	test
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          𝑑 = !
!
,𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑡ℎ𝑒 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑁𝑜𝑟𝑚𝑎𝑙 𝐷𝑒𝑣𝑖𝑎𝑡𝑒                   (5.3) 

          𝑒 = !!"!!!"
!!"

                  (5.4) 

          𝑢 = 1− !!!
!"

1− !!!
!"

                 (5.5) 

Where CT = Column total, RT = Row total and GT = Gross total 

All results from the Haberman´s post-hoc analysis can be found in appendix 5. The values of 

standard normal deviate (d) that are more than or equal to -/+ 1.96 are the combinations of 

categories that contribute more to the significant value of the chi-square test (Israel, 2008). 

The signs of the d-values can also be considered. The highest d-values in the categories tell 

which one that is most preferred. These results can tell whether different type of oil 

companies show different and distinct takeover behavior when they are both on the seller and 

buyer side.  

 

Figure 17: Results for transaction type from the Haberman´s Post-Hoc analysis. 

In the contingency table for transaction type in an environment of low oil prices Development 

and Exploration are the types that contribute the most to the significant chi-square values. 

Exploration and Production contributes when the level of the oil price is medium. Corporate 

M&A, Exploration, Discoveries and Production contribute to the significant values when the 

oil price is high.  

By looking at the d-values, it can be seen which type of transaction is most favorable at 

different oil price levels. The test shows that transaction type Development is most preferred 

when the oil price is low. When the oil price is low, the cash flows of the oil firms will be 

lower. For developing fields with high costs of development, low cash flows will make it 

harder to cover these development costs. The firms do not get the financing to further develop 

because the fields will not generate as high cash flows, and companies therefore sell the 

development fields to stronger players. This account for the developments in the early stages, 

where there are major CAPEX challenges. However, this has lesser impact later in the 

Oil	P rice C ontributers 	to	s ignificant	C hi-square	res tults
Low E xploration	and	Development

Medium	 E xploration	and	P roduction
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Transaction	Type
E xploration

C orporate	M&A

Haberman´s	Post-Hoc	Analysis
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development stage where financing can be in place and it is less time to production start-up 

and the field can generate revenues.  

When the oil price is at a high level, Exploration is the most common type of transactions. 

High oil prices trigger Exploration transactions, as it is cheaper to buy exploration or 

discoveries fields than to buy production fields. Explorations are not as directly affected by 

the oil price as producing fields, as it only affects the cash flows indirectly. Therefore, when 

high oil prices firms prefer to buy exploration instead of buying production, as they are priced 

higher when the oil price is high.  

According to the analysis, Corporate M&A is the most common transaction type when the oil 

price is in the range from USD 50-80 per barrel of oil. The price ranges from USD 50-80 is a 

comfort zone as the upside and the downside is limited, and the interval is known for a high 

deal flow. Corporate M&As often includes a lot of production assets and therefore often takes 

place in an environment with mid-range prices. This type of transactions is often larger and 

more complex than the other transaction types and may explain huge decisions such as a 

merger takes place in a period where both the upside and downside risk is limited. 

  

Figure 18: Results for buyer type from the Haberman´s Post-Hoc analysis.  

Looking at Buyer type, all types of companies contribute when the oil price is low. This is 

expected, as every firm will take advantage of being one the buyer side when the oil price is 

low and energy reserves are valued at a lower price. When the oil price is at a medium level, 

International independents and Large Norwegian companies contribute to significant chi-

square tests. At high oil price, Medium-sized, Small companies and Utilities are the company 

types that contributes to the test results. The last couple of years, the amount of oil companies 

that are backed by private equity funds has increased (DNB Q2, 2015). The companies 

backed by PE funds are often small and medium-sized companies, and this release potential 

for the firms to acquire other firms even when M&A activity is expensive due to high oil 

prices. This can explain why these firms contribute to the significant results when the oil price 

is high.  

Oil	P rice C ontributers 	to	s ignificant	C hi-square	res tults
Low All	buyer	types 	contributes 	

Medium	 International	Independent	and	Large	Norwegian
High Medium-s iz ed,	S mall	companies 	and	Utilities 	

Large	Norwegian
Utilities

Medium-s iz ed

Haberman´s	Post-Hoc	Analysis
Mos t	"preferred	type"

Buyer	Type
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Looking at the value of the standard normal deviates, Large Norwegian companies are the 

type of companies that has the highest d-value, indicating that they invest the most when the 

oil price is low. The companies that are characterized as Large Norwegian companies today 

are Equinor and Petoro. These firms are characterized by the Norwegian State has a high 

ownership percentage. Equinor is the leading operator on the shelf, and a State ownership 

percentage of 67 percent and had total revenue in 2018 at USD 79,593 million (Statoil, n.d.). 

Equinor and Petoro have a solid financial position and because the Norwegian State is 

involved, they have the opportunity to also engage in M&As during periods with higher oil 

prices. Even though they have lower revenues when the oil price is low, which affects the 

cash flows, the Large Norwegian companies has the financial powers to take advantage of the 

fact that a lower oil price reduce the value of oil companies.  

When the oil price is at a medium level, Utilities are the buyer type that invests the most on 

the shelf. The gas powerhouses have a strong financial health have a longer time horizon. 

They often invest in the range from USD 50-80, which seem to be in their investment comfort 

zone.   

Lastly, Medium-sized companies are favored as buyers when the oil price is high. An 

explanation behind this can be the fact that higher oil prices affect the companies in the 

upstream sector positively, making it possible to invest more. As the medium-sized 

companies want to grow, one way to do this is by engaging in M&A, acquiring other 

companies or production licenses. This is supported by the findings of Ng & Donker (n.d.) 

that more established companies typically buy smaller, fast growing or high potential junior 

players when the oil price is high, to extract a maximum takeover premium.   

 

Figure 19: Results for seller type from the Haberman´s Post-Hoc analysis.  

The results for Seller Type are, as expected, different from Buyer Type. When the oil price is 

low Large Norwegian companies, Medium-sized and Small companies contributes to the 

significant chi-square test. However, when the oil price is medium, only Large Norwegians 

Oil	P rice C ontributers 	to	s ignificant	C hi-square	res tults
Low Large	Norwegian,	Medium-s iz ed	and	S mall	companies

Medium	 Large	Norwegian	and	Medium-s iz ed
High All	s eller	types 	except	Large	Norwegian

S eller	Type
Large	Norwegian

Utilities
Medium-s iz ed

Haberman´s	Post-Hoc	Analysis
Mos t	"preferred	type"
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and Medium-sized companies affect the test results. In periods with high oil prices, all 

company types except Large Norwegian companies contribute to the significant values.  

At a low oil price, Large Norwegian companies are the type with highest d-value. Large 

Norwegian companies can sell part of their company or energy reserves in an environment 

with low oil prices. These companies have a large investment opportunity set in exploration, 

discoveries and developments. An explanation could be that they restructure and refocus their 

investments to other areas and opportunities in periods of low oil prices. As earlier stated, the 

Norwegian government is highly involved in the decision making in the company, which can 

affect their investment strategies.  

When the oil price is at a medium level, Utilities are the seller type that invests the most on 

the shelf. As earlier stated, the utilities have the opportunity to wait until the oil price is at a 

comforting level before they engage in M&A. The gas powerhouses will not sell when the oil 

price is high, as they rather produce and sell oil at a high price. On the other hand, they do not 

sell at a low price, because then their assets are lower valued and the value of waiting to sell is 

higher.  

Medium-sized companies are the type of seller with the highest d-value, thus the most 

preferred seller type when the oil price is high. When the oil price is at a high level there is 

cash in upside. Higher cash flows are generated, therefore the firms are valued higher, why 

the managers of medium-sized companies prefer to sell at this level.  

The Haberman´s post-hoc analysis has elaborated further on the relationship between oil price 

and M&As and has succeeded to establish associations that can be explained by the industry. 

Furthermore, the results indicate that hypothesis 4 regarding takeover behavior is true as it 

seems like oil companies time their investments with the level of the oil price.  

 

5.2.3 Goodman and Kruskal´s Measures  

Goodman and Kruskal (1954) described several measures of association that can be useful 

when looking at two variables that one cannot assume have any relevant underlying continua 

and there is no natural ordering of interest. These measures can tell something about how 

much knowledge of the classification of one variable can improve one´s ability to predict the 

classification on the other variable (Everitt, 1977). Even though the relationship between the 
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oil price and buyer type, seller type and transaction type are of interest, it is difficult to 

discuss the meaning of an association between the variables without discussing the degree to 

which one variable is predictable from the other variable and the accuracy of the prediction.  

There are three requirements for this measure (Israel, 2008): 

1. The variables should be measured on a nominal scale. It is immaterial how many 

categories there exist for each of the variable or whether they show any ordinal 

relationship.  

2. It is the discretion of the researcher to specify one of the variables as the dependent 

variable as the lambda coefficient will change if one reverses the independent variable 

as dependent and vice-versa.  

3. This measure is only recommended if the chi-square results for the data ensure that the 

variables are associated.  

As these requirements are satisfied, the measure to comment on the relationship between the 

variables can be used. The full results from the test can be found in appendix 6.  

According to the Haberman´s post-hoc analysis, companies time their investments and 

divestments and which type of companies that are most active at the different levels of the oil 

price. It is therefore interesting to see if the knowledge of the classification oil price can 

improve one´s ability to predict the classification of buyer, seller and transaction type. The 

results of these measures can be valuable in the investigation of hypothesis 4 as it will give an 

indication of how distinct the takeover behavior of the oil companies are. Furthermore, the 

results are important in the examination of hypothesis 5, regarding the different transaction 

types in relation to the levels of the oil price.  

The proportional reduction in error, also called lambda can be measured as: 

𝐸𝑟𝑟𝑜𝑟! = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠 𝑚𝑎𝑑𝑒 𝑖𝑛 𝑝𝑟𝑒𝑑𝑖𝑐𝑖𝑡𝑜𝑛 𝑢𝑠𝑖𝑛𝑔 𝑜𝑛𝑙𝑦 𝑡ℎ𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝐸𝑟𝑟𝑜𝑟! = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠 𝑚𝑎𝑑𝑒 𝑖𝑛 𝑝𝑟𝑒𝑑𝑖𝑐𝑖𝑡𝑜𝑛 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒   

          𝜆 = !!!!!
!!

                  (5.6) 
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Figure 20: Result from Goodman and Kruskal´s Lambda.   

As seen from Figure 20, having knowledge about the oil price decreases the error in 

predicting kind of transaction, seller and buyer. However, the knowledge about the level of 

the oil price only decreases the predicting error by 1-1.7 percent.  These results show a rather 

small association between the oil price and the variables. However, the test supports the other 

tests on the contingency tables.  

In the light of hypothesis 4 and 5, the result from this test indicates that there are different 

takeover behaviors in relation to different levels of the oil price. However, the takeover 

behavior might not be as distinct as expected. The same counts for hypothesis 5, where 

having knowledge about the oil price will increase the probability of predicting transaction 

type is rather small. This indicates that there might be a pattern for transaction types and 

levels of the oil price, but it is smaller than proposed in the hypothesis.  

Although there is no method for checking the significance of this measure, Israel (2008) 

suggests that when the chi-square test is conducted between the variables and statistical 

independence is rejected, then statistical significance is established. As the chi-square 

statistics were significant, there is obtained statistical significance for the lambdas.   

 

5.2.4 Goodness-of-Fit Test 

The Goodness-of-Fit test is used to test a null hypothesis that a random chosen subject is 

equally likely to fall into each of the possible categories. In the analysis, the test will be used 

to investigate whether there is any statistical evidence on differences in transactions based on 

transaction type, buyer type or seller type. The Goodness-of-Fit test uses the chi-square test 

statistics described earlier and the hypothesis for the test is (Newbold et al., 2013): 

 

Type Error	1 Error	2 Lambda
Transaction 301 298 0,0100

Buyer 359 353 0,0167
Seller	 330 325 0,0152

Goodman	and	Kruskal´s	Lambda
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  𝐻!:𝑇ℎ𝑒𝑟𝑒 𝑎𝑟𝑒 𝑛𝑜 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑠 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛, 𝑏𝑢𝑦𝑒𝑟 𝑎𝑛𝑑 𝑠𝑒𝑙𝑙𝑒𝑟 𝑡𝑦𝑝𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 

       𝑙𝑒𝑣𝑒𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒                                                                                      

𝐻!:𝑇ℎ𝑒𝑟𝑒 𝑎𝑟𝑒 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑠 𝑓𝑜𝑟 𝑎𝑚𝑜𝑛𝑔 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛, 𝑏𝑢𝑦𝑒𝑟 𝑎𝑛𝑑 𝑠𝑒𝑙𝑙𝑒𝑟 𝑡𝑦𝑝𝑒 𝑓𝑜𝑟 𝑙𝑒𝑣𝑒𝑙𝑠 𝑜𝑓  

       𝑡ℎ𝑒 𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒                                                                                                       

The tests will be adopted for each of the categories within the transaction-, buyer- and seller 

types. For the purpose of this thesis, the tests investigate whether there is equal probability 

that the transactions happen in periods of low, medium and high oil price. The test will 

compare the sample of observed transactions in each category to what would be expected if 

the null hypothesis holds, thus an equal amount of transactions happens in each category. If 

the null is rejected, there will be statistical evidence supporting that oil price levels affect the 

transaction level.  The summary of the findings is presented below, while all the tests can be 

found in appendix 7. 

 
Figure 21: Summary of Goodness-of-Fit Test on transaction type.  

Firstly, the tests concerning transaction types found that firms within the segments 

Exploration, Development and Production reject the null. Hence, looking at historical activity, 

it does not seem to be equal probability that M&A activities happen in periods of low, 

medium or high oil price. This may indicate that oil price influence transaction activity within 

these three segments. This supports the findings in Haberman´s post-hoc analysis explained 

earlier, which found that Exploration is the most preferred transaction type when the oil price 

is high and Development when the oil price is low. The results further support hypothesis 5, 

indicating that the oil price has an impact on type of transaction made on the shelf. It is 

expected that transactions of the type Production will time the market as the producing fields 

are valued as the future cash flows calculated as the future barrels of oil times the oil price. A 

higher oil price values the producing fields higher, which is crucial for the companies when 

engaging in M&As.    

Segment Chi^2 Critical	value	(5%) Conclusion
Corporate	M&A 4,3793 5,991 Not	reject
Exploration 54,0286 5,991 Reject
Discoveries 1,6122 5,991 Not	reject
Development 7,5094 5,991 Reject
Production 6,1522 5,991 Reject

Goodness-of-Fit	Test:	Transaction	type
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The segments Corporate M&A and Discoveries do not indicate the same relationship to the 

oil price. The null is not rejected which means that there is not found any statistical evidence 

regarding any differences in the probability of transactions happening in periods of low, 

medium or high oil price. Corporate M&A is the most complex transaction type as it means 

selling or buying a company, not only an oil field or a production license. It is therefore 

expected that several other factors and strategic deliberations will have an impact on the 

transaction, this could explain why the oil price is not as influential as in the other type of 

transactions.   

 
Figure 22: Summary of Goodness-of-Fit Test on buyer type. 

The statistical evidence show that all buyer types reject the null hypothesis. Thus, none of 

them have equal probability of engaging in transactions at different oil price levels. It seems 

like the oil price is affecting these firms´ engagement in M&A activities. Appendix 7 shows 

that transaction levels of International Independents and Large Norwegians are significantly 

higher in periods of low oil price, which may indicate that they buy more firms and assets 

when the oil price is low.  Furthermore, the test shows that Medium-sized and Small 

Companies seems to engage more on the buyer side in transactions when the oil price is high. 

This is consistent with the findings in Haberman´s post-hoc analysis and further supports the 

proposed hypothesis that different oil companies show different takeover behavior when the 

oil price is at different levels.  

 
Figure 23: Summary of Goodness-of-Fit Test on seller type.  

Segment Chi^2 Critical	value	(5%) Conclusion
International	independent 14,6829 5,991 Reject

Large	Norwegian 23,4737 5,991 Reject
Medium-sized 30,0787 5,991 Reject
Small	company 36,2890 5,991 Reject

Utilities 12,6024 5,991 Reject

Goodness-of-Fit	Test:	Buyer	type

Segment Chi^2 Critical	value	(5%) Conclusion
International	independent 0,9455 5,991 Not	reject

Large	Norwegian 26,3333 5,991 Reject
Medium-sized 56,2596 5,991 Reject
Small	company 34,7500 5,991 Reject

Utilities 3,0455 5,991 Not	reject

Goodness-of-Fit	Test:	Seller	type
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The t-tests on seller type show that the degree to which Large Norwegians, Medium-sized and 

Small Companies sell its business and assets depend on the oil price level. The null is 

rejected, and it looks like Large Norwegians engage more in transactions on the seller side 

when the oil price is low, while Medium-sized and Small Companies tend to sell their 

business when the oil price is high. For the other company types; International Independents 

and Utilities, it is not found any statistical evidence that the oil price affects their transaction 

level.   

As earlier stated, International Independents and Large Norwegians restructured heavily in the 

early years when the oil price was low. The dataset contains transactions back to 1998, which 

means the restructuring activity is included in this analysis. It should be noted that this may 

have an impact on the finding that large Norwegians buy more in periods of low prices and 

international independents and large Norwegians sell more during low oil prices.   

Overall, the t-tests show that the M&A activity of the segments Exploration,  

Development and Production is not equal for periods of various oil price levels, supporting 

hypothesis 5. Furthermore, it seems like the Large Norwegians engage more in transactions, 

both on the buyer and seller side, when the oil price is low, indicating that different 

companies shows different behavior when engaging in M&A. However, these results may be 

due to the large restructuring among these firms in the early oil age. It should be remembered 

that t-tests are not initially fit for analysis of count data and that the usage of t-test in this 

analysis rely on previous research, which state that the t-tests for means are found to be robust 

with respect to normality.   

 

Conclusion on contingency tables  

The chi-square test, Haberman´s post-hoc analysis and goodness-of-fit tests have established 

an association between the oil price and seller, buyer and transaction type, indicating that the 

oil price can tell something about the transaction done on the Norwegian continental shelf the 

last 20 years. These results are supported by the results from Goodman and Kruskal´s 

Lambda, which indicates having knowledge about the level of the oil price, will have an 

explanatory value in relation to transaction, seller and buyer type. However, the results show 

that the association is pretty small, indicating that there are several other factors affecting the 

M&A activity on the Norwegian continental shelf. As for example the strategic rationales 
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behind M&As discussed in chapter two. Even though the results support the proposed 

hypotheses, the rather small associations indicate that the takeover behavior and the type of 

transactions made is not as distinct as expected. Nevertheless, these findings make it even 

more interesting to further establish a relationship between the oil price and transactions on 

the shelf.  

 

5.3 Regression Models  

This section will introduce the methodology and the definition of the econometric model to 

further test the association between the oil price and transaction activity on the Norwegian 

continental shelf. It will not be distinguished between the different types of companies and 

transactions but test the oil price´s direct impact on transaction activity. The regression 

analysis will include macroeconomic factors as control variables.  

The purpose of this section is to investigate whether the dependent variable, monthly number 

of transactions, can be explained by the Brent Crude oil price and other macroeconomic 

factors. A multiple regression model seems appropriate to investigate this relation. However, 

when running an OLS regression, the dependent variable and the errors are assumed to be 

normally distributed (Koop, 2008). A normal distribution is only suitable for continuous 

random variables. As earlier stated in section 4.2, monthly number of transactions is a count 

variable and it is not appropriate to assume the variable follows a normal distribution. There 

are several estimators that can be used when the dependent variable is a count, and a common 

model is the Poisson regression model.  

 

5.3.1 Poisson Regression 

The Poisson model is the same as the regression model under the classic assumptions except 

that the dependent variable is assumed to follow a Poisson distribution (Koop, 2008). The 

Poisson distribution has, unlike the normal distribution, only a single parameter λ. If the 

dependent variable follows a Poisson distribution, it is said that: 

          𝐸 𝑦! =  𝜆!                  (5.7) 
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A unique feature of this distribution is that the variance and the mean are the same, and 

therefore: 

          𝑣𝑎𝑟 𝑦! =  𝜆!                                            (5.8) 

This property is called equidispersion, and it is a restrictive feature (Gujarati, 2010). Under 

the classic assumption one has that 𝐸 𝑌! = 𝛽𝑋!. This is achieved in the Poisson regression 

model by setting; 

          𝐸 𝑦! =  𝜆! =  𝛽𝑋!                                      (5.9) 

Since the dependent variable cannot be negative, it is common to set (Koop, 2008): 

          𝐸 𝑦! =  𝜆! =  exp (𝛽𝑋!)               (5.10) 

The Poisson regression model can be written as (Gujarati, 2010):  

          𝑦! = 𝐸 𝑦! + 𝑢!  =  𝜆! + 𝑢!                                   (5.11) 

Where the y`s are independently distributed with mean  𝜆! for each individual, expressed as: 

          𝜆! = 𝐸 𝑦! 𝑋! = exp 𝛽! + 𝛽!𝑋!! +⋯+ 𝛽!𝑋!" = exp (𝛽𝑋)                                 (5.12) 

 

Poisson distribution  

As earlier stated, the only restriction of the Poisson regression model is that the dependent 

variable, the monthly number of M&A deals, should follow the Poisson distribution. The 

Poisson regression model assumes that the response model, which is a count, has the Poisson 

distribution: 

          𝑃 𝑦!; 𝜇! = !!!!!!!

!!!
,𝑦! = 0,1,2…                   (5.13)                                                 
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To assess this, a histogram of the transactions is made:  

 

Figure 24: Histogram of monthly numbers of transactions.  

From Figure 24 the distribution has no bell shape and is therefore clearly not normally 

distributed. However, it looks like the data follows a Poisson distribution as it is skewed 

toward left and is inhibited by the zero-occurrence barrier on the left. The goodness of fit for 

the distribution is further tested with a chi-square test.  

The hypothesis for the test (Hamed, 2015): 

𝐻!:𝑇ℎ𝑒 𝑑𝑎𝑡𝑎 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑑 𝑤𝑖𝑡ℎ 𝑎 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛                                   

𝐻!:𝑇ℎ𝑒 𝑑𝑎𝑡𝑎 𝑖𝑠 𝑁𝑂𝑇 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝑎 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛                

The test gives a p-value of 0.7680. As the p-value is larger than the significant value of 0.05, 

the null of Poisson distribution cannot be rejected. Therefore, it is assumed that the data 

follows a Poisson distribution and a Poisson regression model based on the data will be 

conducted.  

 

Variable selection  

Variable selection methods are well known for linear regression models, with familiar 

methods as forward, backward and stepwise selection (Beale, 1970). In the selection of 

variables in the regression model a backward elimination is conducted. This means the global 

model where all explanatory and control variables are included is the starting point in the 

variable selection. This is Model (1) in Figure 25. Then the backward elimination method 

suggests that the most insignificant variables should be excluded from the model.  
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According to this backward elimination method Gas Price, Interest Rate, Stock Market 

Performance, Oil Production and Oil Equivalents Production should therefore be excluded. 

Referring to the results in the theories elaborated in chapter two, the independent variables 

that have a strong relationship to the oil and gas sector, should be further tested in the model. 

Therefore, only Interest Rate and Stock Market Performance are excluded initially. This gives 

Model (2) in Figure 25. There are still some insignificant independent variables, which are 

excluded. All independent variables in Model (3) are significant. However, the Oil Price 

Volatility is only significant at 10% level. Finally, the regression model excluding the 

volatility of the oil price is reran. This gives a model with all variables significant at 1%. 

However, model (3) has a lower Akaike information criteria (AIC), why the following model 

will be used further on: 

          𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑠! = 𝛼 + 𝛽! ∗ 𝑂𝑖𝑙 𝑃𝑟𝑖𝑐𝑒 +  𝛽! ∗ 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 + 𝜀! = 1.044 

         + 0.006 ∗ 𝑂𝑖𝑙 𝑃𝑟𝑖𝑐𝑒 + 3.576 ∗ 𝑂𝑖𝑙 𝑃𝑟𝑖𝑐𝑒 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦 − 0.098 ∗ 𝑂𝑖𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛   (5.14) 

 

Figure 25: Regression output from R.  
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Overdispersion in the Poisson regression model  

The Poisson regression model differ from regression model with normal errors as the model 

requires the mean and variance to be the same. It is important to test this requirement through 

the following hypothesis (Koop, 2008): 

          𝐻!:𝐸 𝑦! = 𝑣𝑎𝑟(𝑌!)                                                                                                  (5.15) 

The alternative hypothesis is that the mean and variance is not equal. The mean of the 

dependent variable, number of M&A deals per month, is 2.222. The variance of the variable 

is 4.046. This implies that there is overdispersion, which means that the variance is above 

what the regression model says it should be. The hypothesis can also be tested with a 

Cameron-Trivedi test.  

 

Figure 26: Results from overdispersion test. 

As seen from Figure 26, the p-value is smaller than 0.05, why the null hypothesis is rejected. 

The alternative hypothesis is true, and the dispersion is greater than one. Furthermore, the 

dispersion is tested when computing the regression model. Model (3) from Figure 25 has a 

residual deviance of 413.6, which is larger than the degrees of freedom of 248. This also 

indicates that overdispersion exists, meaning that the estimates in the model are right but the 

standard errors are not correct and cannot be accounted for by the model. One way to handle 

this problem is to use the Quasi-Poisson regression model to get the correct standard errors 

(Ver Hoef and Boveng, 2007).  

 

5.3.2 Quasi Poisson Regression Model  

The Quasi-Poisson model can be framed as a generalized linear model, where Y is a random 

variable such that (Ver Hoef and Boleng, 2007): 

          𝐸 𝑌 =  𝜇                (5.16) 

          𝑣𝑎𝑟 𝑌 = 𝑣!"# 𝜇 =  𝜃𝜇               (5.17) 

z-value 2,4304
P-value 0,0075
Dispersion	estimate	 1,7485
Null	Hypothesis:	No	overdispersion Reject

Overdispersion	test
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The Quasi-model formulation has the advantage of leaving the parameters in an interpretable 

and natural state and allows standard model diagnostics without a loss of efficient fitting 

algorithms (Ver Hoef and Boleng, 2007).  

As seen from Figure 26, the Quasi-model (6) has the same estimates as the Poisson. However, 

the standard errors are corrected. In the Quasi-model (6), the Oil Price Volatility is not 

significant. According to the backward selection method, the most insignificant variables 

should be taken out from the model and rerun the model.  

AIC and BIC might be considered when choosing between the regression models. Such 

approaches depend on a distributional form and likelihood. However, Quasi-Poisson models 

are only characterized by their mean and variance, and therefore do not necessarily has a 

distributional form (Ver Hoef and Boleng, 2007). The models are therefore selected based on 

residual deviance. Even though the volatility variable is not significant in model (5), the 

residual deviance is smaller than model (6). Therefore, the Quasi-model (5) will be the final 

model as this model deals with the overdispersion and fits the data better than the Quasi-

model (6).  

 

5.3.3 Estimation and Empirical Findings  

In the Figure 27 below, the estimated coefficients and standard errors from the final model are 

presented:   

 

Figure 27: Result from the Quasi-Poisson regression model.  

The intercept, oil price and oil production are statistically significant. The volatility variable is 

not statistically significant, but it´s kept in the model as the model has better explanatory 

value than the model without the volatility.  

 

Variable Estimate Standard	Error
Intercept 1.044 0.449 **
Oil	Price 0.006 0.002 ***

Oil	Price	Volatility 3.576 2.540
Oil	Production 1.044 0.449 **

*	10%	significance	 **	5%	significance ***	1%	significance

Quasi-Poisson	Model	Estimates
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Effect of oil price volatility on M&A activity 

Even though volatility not being statistically significant, the sign of the coefficient should be 

discussed with regards to the proposed hypothesis that oil price volatility will affect the 

transaction activity negatively. Oil price volatility has a coefficient of +3.576.  

The sign of the coefficient (i.e., positive correlation between oil price volatility and number of 

transactions) is counterintuitive, as it implies that higher increased volatility increases the 

transaction activity on the Norwegian continental shelf. The proposed hypothesis implies that 

higher volatility would discourage firms to engage in M&A, as higher volatility makes it 

difficult to accurately evaluate future revenue, and thus the value of the firm. 

According to earlier studies and theories elaborated in chapter two, increased volatility should 

affect the number of transactions negatively. Volatility is a determinant of uncertainty in the 

oil price. Uncertainty can affect both the value of a specific investment decision and the value 

of the firm or oil field (Miller, 1998). Uncertainty in the oil price has demonstrated in the past 

that it has affected investment decision, and it is likely that it will be a concern in the future as 

well (Goldman Sachs, 2005). Bernanke (1983) showed in his paper that it is optimal for firms 

to postpone irreversible investments in periods of uncertainty about the oil price. He further 

elaborates on the option value of waiting to invest and the incentive to invest declines in 

periods with increased volatility in the oil price.  This is consistent with the financial theory 

described in section 2.4, that there is an option value of waiting to resolve the uncertainty. 

However, not investing delays the possibilities of gaining market shares and the opportunity 

to grow and may allow competitors to seize the opportunity.  

 

This regression result may suggest that the increased activity during periods of high oil price 

volatility may be a consequence of speculative activities, where firms are acquired and sold 

for the perception from investors that the assets being traded are mispriced, and not for an 

operational or financial contribution to the firm. The behavioral approach to modeling M&A 

activity is based on this idea and may result in a better description of aggregate merger 

patterns in the oil and gas industry.  

 

According to Henriques & Sadorsky (2011), there exists a U-shaped relationship between oil 

price uncertainty and investments. “In times of increased uncertainty, the option value of 

waiting to invest increases as it becomes worthwhile to wait until the uncertainty is resolved 
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until investing. As a result, current period strategic investment is delayed. After some point, 

however, further increases in uncertainty lead to increases in investment as the value of the 

preemptive strategic effects of not growing the company starts to increase relative to the 

option value of waiting to invest” (Henriques & Sadorsky, 2011, p. 84). This may be an 

explanation of the positive regression coefficient and indicate that in the time period from 

1998 to 2018, the volatility in the oil price has exceeded the point where it increases the 

option value of waiting and instead increases the strategic effect of growing.  

 

Effect of oil price on M&A activity 

The oil price has a coefficient of 0.006 in the regression model, indicating the price of Brent 

Crude oil is positive and significantly related to the number of transactions on the Norwegian 

continental shelf. The estimate is significant at a 5% level and has a standard error of 0.002. 

This conclusion holds true notwithstanding the influence of stock markets, debt markets, oil 

and gas production and gas prices as seen from all the six models in Figure 25. 

These findings are consistent with the expectations and the proposed hypothesis. Furthermore, 

the result is supported by the studies and theories discussed in chapter two. Oil prices affect 

oil companies´ strategies and decision-making, and therefore their decisions on M&A. The 

fall or rise in Brent oil price is therefore important because the transaction market gains or 

slows momentum given its dependency of the oil price. As earlier stated, managers of oil 

firms are motivated to make acquisitions when the valuation of their company is high, which 

according to Boyer and Filion (2007) is when commodity prices are high. 

Furthermore, Hsu et al. (2017) gives two explanations to why the oil price has a positive 

effect on M&A activity. First, the increases in oil prices also increase the value of the firm. 

This enables the companies to acquire the assets they need for further growth and future 

production. Secondly, a higher oil prices also increase the expected value of the asset, making 

it a value-maximizing activity of the acquiring firm as the expected value of the investment is 

consequently higher. 

Furthermore, Ng & Donker (2013) give three reasons for how oil prices affect takeover 

activity. Firstly, high oil prices influence the direction of economies. High prices signalize 

supply shortage and excess demand. For the energy producers´ point of view, this 

communicate shortage of energy-producing assets and that they therefore are more valuable. 
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Hence, oil companies acquire these assets from others, which is a form of hoarding in an 

industry with concerns for running out of oil assets. Secondly, managers are also timing the 

market to take advantage of the increases in stock prices imputed into the value of the 

company by using high oil prices to acquire assets. Thirdly, higher oil prices generate higher 

revenues, causing cash flows of the oil companies to increase. This makes the companies into 

acquirers, with the risk of wasting their excess cash on value-destroying acquisitions. For 

these reasons, the oil and gas industry consolidates by responding to high-energy prices with 

acquisitions.   

 

Effect of control variables on M&A activity 

Oil production has some of the most significant impact on the M&A activity on the 

Norwegian continental shelf, as it is significant at 1%-level. The coefficient from the 

regression is -0.098. The negative effect of the oil production is the opposite of what was 

expected. A positive effect was expected as increased production, according to Hsu et al. 

(2017) reveals the potential value of the assets, thus attracting acquirers. It also increases the 

value of the assets, which attracts more sellers to sell their oil assets. This is also consistent 

with Ng & Donker (2013), who argues that sellers time the market to sell their assets.  

 

On the other hand, the oil price is determined by supply and demand. All other equal, an 

increase in oil production will increase the supply of oil. A rise in supply, holding demand 

equal, causes lower oil prices. As found in the regression analysis oil price has a significantly 

positive effect on M&A activity, thus a fall in prices will affect the activity negatively. This 

could be an explanation for the results given by the regression model.  

 

The other control variables directly related to the oil and gas industry, gas price and oil 

equivalent production, has no significant impact on the M&A activity and where therefore 

extracted from the model. It is, however, interesting to look at the signs of the coefficient as it 

tells what kind of impact the variables would have had on transactions if they were included. 

Oil equivalent production had, as oil production, a negative impact on the number of 

transactions, which could be explained by the same reasons as for the oil production.  
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The gas price however, unlike the oil price, has a negative effect on the dependent variable. 

Indicating that a rise in gas prices would cause a fall in number of transactions. As the fields 

and production licenses discussed in this thesis concern both oil and gas production, one 

should expect that higher gas prices would have the same impact on the value of the assets as 

oil prices and therefore impact the M&A activity in the same way as the oil price. The gas 

price being negative and not significant is consistent with the study done by Hsu et al. (2017), 

which also found that gas prices had a negative and not significant impact on M&A activity in 

the two regions they tested.  

 

The macroeconomic factors, hereof interest rate and stock market performance were also 

included in the regression analysis. Either of these variables showed significant impact on 

number of transactions on the shelf, why they were removed from the model. In the global 

model, interest rate had a very negative effect on M&A activity, with a coefficient of -11.781. 

Stock market performance showed a small positive effect on the dependent variable.  

 

Conclusion on regression model 

The final Quasi-Poisson regression model has a R-squared of 17 percent, indicating that the 

model and the variables included only explain 17 percent of the changes in number of 

transactions on the Norwegian continental shelf. This signifies that there are other factors and 

strategic considerations included when oil companies are deciding if and when to engage in 

transaction activities. Also, the AIC, which is a measure of the relative amount of information 

lost by a given model, is rather high.  

 

Nevertheless, the regression analysis has given further proof of a significant relationship 

between the oil price and the M&A activity on the Norwegian continental shelf. The 

regression analysis further examined a relation between the oil price and M&A activity, 

indicating that hypothesis 1 is true. In contrast, the analysis showed different results than 

expected and proposed in hypothesis 2 regarding the oil price volatility. It is interesting to 

further look at the causal link between these variables, and to the test the robustness of the 

findings from the contingency table analysis and the regression models.  
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5.4 Granger Causality 

In the following section, Granger causality tests are used to check whether the tests support 

the findings in the contingency table analysis and regression analysis. Before performing the 

tests, it is checked whether the variables are stationary as this is a requirement in the Granger 

causality test. Further on, cointegration tests are performed to check whether there is a 

cointegrating relationship between the variables, and whether the Error Correction model is 

useful in this context. In the end, the Granger causality tests are performed to see whether the 

Brent oil price cause transactions, or vice versa.  

5.4.1 Stationarity 

Theory of stationarity 

Stationarity is a key assumption in time series and is required for performing various 

statistical analyses such as Granger causality. Unless otherwise is stated, the following 

sections are based on the econometric time series theory by Gujarati (2004). One 

distinguishes between different levels of stationarity, however, in general weakly stationary or 

so-called covariance stationarity is said to be sufficient for the purpose of econometric 

analysis. The following sections will focus on weak stationarity and will be referred to as 

stationarity throughout the thesis.  

For time series to be weakly stationary, the mean and variance is constant over time and the 

covariance does not depend on the point in time, but only the time difference. Thus, the 

probability distribution of the time series does not change over time. This can be explained by 

the following formulas: 

          𝑀𝑒𝑎𝑛:𝐸 𝑌! = 𝜇                                    (5.18) 

          𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒: 𝑣𝑎𝑟 𝑌! = 𝐸 𝑌! − 𝜇 ! = 𝜎!             (5.19) 

          𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒: 𝛾! = 𝐸[ 𝑌! − 𝜇 𝑌!!! − 𝜇 ]                                  (5.20) 

If the time series is non-stationary, then the mean or the variance or both will be time varying. 

In such case the time series will not return to its mean and the fluctuations around the mean 

will be large. The implication of non-stationary is that the behavior changes over time so that 

one cannot generalize the behavior from one period to another. This creates implications with 

econometric purposes such as forecasting, spurious regression, non-normal distribution of the 

t-statistics and the autoregressive coefficients are biased towards zero.  
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Tests for stationarity 

There are several methods for testing for stationarity. It is common to use graphical methods 

such as line plots and autocorrelation function (ACF) correlograms in combination with 

economic intuition. Furthermore, statistical tests for stationarity have been common in the 

recent years. In this thesis, ACF correlograms followed by the (Augmented) Dickey-Fuller 

unit root test and Kwiatkowski-Phillips-Schmidt-Shin test are used to test the stationarity of 

the time series.  

 

Autocorrelation function (ACF) and correlogram 

Autocorrelation is referred to as time series that are related to its own past values. This means 

there is relation between the disturbance term in one period and the disturbance term in the 

next period: 

          𝐸 𝑢!𝑢! ≠ 0        𝑖 ≠ 𝑗                                                        (5.21) 

The autocorrelation function at lag k, denoted by ρk is: 

          𝜌! =
!!
!!
= !"#$%&$'!( !" !"# !

!"#$"%&'
                                   (5.22) 

The sample correlograms is obtained by plotting the ACF against the lags. A time series is 

said to be stationary if the lags concentrate around the zero axis and are mostly within the 

95% confidence interval. If the lags vary significantly from the zero axis and mostly lie 

outside the bands, the time series is non-stationary. The ACF plots for the Brent oil price and 

transactions is the following: 

Figure 28: ACF-plots of Brent (left) and transactions (right).  
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The Brent plot shows positive autocorrelation and all values of the autocorrelation function 

are outside the 95% confidence interval bans. This indicates that an increase in a previous 

period will lead to an increase in the time series in the next period. The spikes in the plot start 

at high values and decrease toward zero as the number of lags increases, indicating non-

stationary time series. The partial autocorrelation plot for Brent in appendix 9 suggests a pure 

autoregressive process as the lags cut off sharply. Lag 1 and 2 is significantly different from 

zero meaning that an autoregressive model of order 2, also called an AR (2), might be an 

appropriate model in this context. Lag 12 is significant but will not be included in the model 

as it does not make sense from an economical perspective and can be viewed to be within the 

marginal error of the test. 

The ACF plot for transactions is not decreasing towards zero as the number of lags increases, 

signalizing that the time series is non-stationary. In addition, several of the spikes are outside 

the confidence interval bans. Overall, the ACF and PACF plot indicate that the time series is 

non-stationary. 

 

The augmented Dickey-Fuller unit root test 

The augmented Dickey-Fuller unit root test is an extension of the original Dickey-Fuller unit 

root test. The test considers that the error terms, ut, are correlated rather than the original tests 

which assumes ut is unrelated. The general idea behind the test is to regress Yt on its lagged 

value Yt-1 and find out if it is a non-stationary stochastic process which implies that there is 

unit root. The hypotheses for the test: 

          𝐻!:𝑇ℎ𝑒 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠 𝑖𝑠 𝑛𝑜𝑛 − 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦              (5.23) 

          𝐻!:𝑇ℎ𝑒 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠 𝑖𝑠 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦              (5.24) 

The null hypothesis is that there is a unit root, hence the time series is non-stationary. If the 

null hypothesis is rejected, it means that the series is stationary.  

The ADF test has three different forms which all have a null hypothesis of unit root: 

          𝑌! 𝑖𝑠 𝑎 𝑟𝑎𝑛𝑑𝑜𝑚 𝑤𝑎𝑙𝑘: ∆𝑌! = 𝛿𝑌!!! + 𝛼!∆𝑌!!!!
!!! 𝑢!             (5.25) 

          𝑌! 𝑖𝑠 𝑎 𝑟𝑎𝑛𝑑𝑜𝑚 𝑤𝑎𝑙𝑘 𝑤𝑖𝑡ℎ 𝑑𝑟𝑖𝑓𝑡:∆𝑌! = 𝛽! + 𝛿𝑌!!! + 𝛼!∆𝑌!!!!
!!! 𝑢!             (5.26) 
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          𝑌! 𝑖𝑠 𝑎 𝑟𝑎𝑛𝑑𝑜𝑚 𝑤𝑎𝑙𝑘 𝑤𝑖𝑡ℎ 𝑑𝑟𝑖𝑓𝑡 𝑎𝑛𝑑 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑖𝑠𝑡𝑖𝑐 𝑡𝑟𝑒𝑛𝑑: 

          ∆𝑌! = 𝛽! + 𝛽!𝑡 + 𝛿𝑌!!! + 𝛼!∆𝑌!!!!
!!! 𝑢!              (5.27) 

First an ADF test with trend is performed, however, the trend is not significant for the 

variable. The test with only a drift is ran and the drift is significant. It is concluded to use Yt 

with a random walk with drift. For Brent, the null of a unit root is failed to be rejected at 1% 

as the test-statistic is smaller than the critical value. The time series is non-stationary. For the 

transaction variable, the deterministic trend is significant, thus Yt with drift and trend is 

tested. The null hypothesis of a unit root is rejected at 1%, thus the time series is stationary. In 

terms of lags, the ADF test finds that both time series should have one lag. The results of the 

tests are summarized in Figure 29 below. 

 

Figure 29: Summary of ADF unit root tests for stationarity on all variables in level form.  

There are various criticisms regarding the unit root tests. A weakness worth mentioning is that 

the ADF test has “low power”. This means that the null hypothesis of a unit root is not always 

rejected even though it is false. This may cause the test to find unit root in data, when this is 

not the case. This happens as the test depends on the span of data rather than the sample size, 

which causes the power of the test to increase when the span size increases rather than the 

sample size. In addition, the test cannot discover multiple unit roots as it assumes a single unit 

root in time series. 

 

The Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test for stationarity 

The KPSS test is also applied as a unit root test to overcome some of the weaknesses with the 

ADF test. The following section is based on the theory of Kwiatkowski et al. (1992). The 

KPSS is test for trend and/or level stationarity in time series. The test is a Lagrange multiplier 

test of the hypothesis that the random walk has zero variance. In contrast to the ADF test, the 

null hypothesis in the KPSS test is that Yt is a stationary process. The test considers Yt as the 

sum of a linear deterministic trend, a random walk and a stationary error: 

Name Model	specification Lags Test	statistic Critical	value Conclusion
Brent Random	walk	with	drift 1 -1.9601 -2.87	at	5% Unit	root

Transactions Random	walk	with	drift	and	DT 1 -10.4291 -3.42	at	5% Stationary

Variables	in	level	form:	ADF	test
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          𝑦! = 𝜉𝑡 + 𝑟! + 𝜀!                                    (5.28) 

          𝑟! = 𝑟!!! + 𝑢!                                    (5.29) 

The test is done in two steps. First, the partial sum process of the residuals is found by 

regressing yt on either a constant or a constant with a trend: 

           𝑆! = 𝜀!, 𝑡 =!
!!! 1,2… ,𝑇                                                                                         (5.30) 

Secondly, the LM statistics is calculated: 

          𝐿𝑀 = 𝑆!!/𝜎!!!
!!!                                     (5.31) 

For the Brent oil price, the test statistic is larger than the critical value, hence the null is 

rejected.  The time series is non-stationary. The test statistic for transactions is also larger than 

the critical value at 5%, why the null is rejected. The time series is non-stationarity. The ADF 

test for both Brent and transactions was run without trend, as the trend was not significant in 

the test results. The ADF test suggested five lags for both Brent and transactions. 

 

Figure 30: Summary of KPSS tests for stationarity on all variables in level form.  

The ACF/PACF plots and KPSS tests indicate that the time series are non-stationary. The 

ADF mean the variable transactions are stationary while Brent is not. Overall, based on the 

result of the tests, neither of the time series Brent or Transactions are stationary. A common 

method to make variables integrated of order one stationary is to differentiate them. The line 

plots below illustrate the variables Brent and transactions before and after they are 

differentiated. The plots indicate that both variables seem stationary at first difference.  

 

Name Model)specification Lags Test)statistic Critical)value Conclusion
Brent Random+walk+with+constant 5 2.249 0.463+at+5% Non=stationary

Transactions Random+walk+with+constant 5 2.1021 0.463+at+5% Non=stationary

Variables)in)level)form:)KPSS)test
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Figure 31: Line plots of Brent before (left) and after taking the first difference (right).  

 

Figure 32: Line plots of transactions before (left) and after taking the first difference (right).  

Appendix 10 shows the ACF and PACF plots of the variables in first difference and they 

indicate stationarity in the time series. The ADF test and KPSS test is applied to check if the 

requirement of stationarity is met. The model specification is now a random walk model 

without any trend or intercept as these characteristics disappear when taking the first 

difference of variables. The summary of the tests on the first difference variables is shown in 

Figure 33 and 34 below. To sum up, the variables are stationary in first difference, but non-

stationary in level form. Further on in the thesis, the first difference of the variables will be 

used and when referring to the variables they are both first difference unless otherwise is 

stated. 

 

Figure 33: Summary of the ADF unit root test on all variables in first difference.  

Name Model	specification Lags Test	statistic Critical	value Conclusion
Brent Random	walk 1 -10.3131 -1.95	at	5% Level	stationary

Transactions Random	walk 1 -19.0276 -1.95	at	5% Level	stationary

Variables	in	first	difference:	ADF	test
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Figure 34: Summary of the KPSS-test for stationarity on all variables in first difference.  

 

5.4.2 Cointegration 

Theory of cointegration 

As both the Brent and transactions were found non-stationary, there is a risk of spurious 

regression. The phenomena of spurious regression can arise on non-stationary variables and 

means there may arise statistically significant correlation from variables with no expected 

meaningful relationship. Two non-stationary time series, Yt and Xt, are first order of 

integration (I (1)). This can cause spurious regression as the variables can exhibit a stochastic 

trend and are serially and mutually uncorrelated. If one regress Yt on Xt or reverse, the 

regression output may show statistically significant coefficients or a high R-squared even 

though this is not correct. If the same regression was made on first differences where the time 

series are stationary, the R-squared would be zero and no coefficient statistically significant. 

Testing for cointegration can eliminate the risk of spurious regression. If cointegration is 

found, then spurious regression can be eliminated, even though the variables are non-

stationary individually (Gujarati, 2004). 

Two variables that are integrated of the same order can be cointegrated if they have a long-

term relationship between them, i.e. equilibrium. If cointegration is found, it means the 

variables share the same stochastic trend and there is a stationary linear combination between 

the variables. The error term in the relationship between the variables represent the linear 

combination and it cancels out the stochastic trend of the variables. In the long run will 

cointegrated variables follow the same movements, even though shocks may cause short-term 

deviations from equilibrium (Gujarati, 2004).   

The cointegrating regression can be written as: 

          𝑌! = 𝛽! + 𝛽!𝑋! + 𝑢!                                                        (5.32) 

Where isolating ut yields: 

Name Model	specification Lags Test	statistic Critical	value Conclusion
Brent Random	walk 5 0.1033 0.463	at	5% Level	stationary

Transactions Random	walk 5 0.0261 0.463	at	5% Level	stationary

Variables	in	first	difference:	KPSS	test
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           𝑢! = 𝑌! − 𝛽! − 𝛽!𝑋!                                   (5.33) 

Xt and Yt is cointegrated if Xt and Yt are integrated of order 1, ut is stationary and for some 

coefficient β1, Yt - β1Xt is integrated of order zero. β1 is called the cointegrating coefficient 

(Stock & Watson, 2012).  

 

Testing for cointegration 

After Engle and Granger discovered cointegration in 1987, econometricians have found 

number of different methods for testing for this phenomenon. It is possible to have 

cointegrating relations equal to one less than the total number of variables. Johansen test is 

commonly used to test for the number of cointegrating relationships. However, as the analysis 

only concerns two variables it can only be one cointegrating relationship and the Johansen test 

is argued to not be useful. Instead the Engle-Granger two-step method and Shin test will be 

applied as they test cointegration between two variables. The two tests have fundamental 

differences, where the Shin test compliments the weaknesses of the EG-test. The application 

of the two different tests is argued to strengthen the conclusion on whether the time series 

exhibit cointegration. The tests are performed on variables before they are differentiated, thus 

Brent and transaction are tested in levels. This is done to catch the real movements of the 

original variables.  

 

Engle-Granger Two-step method 

The EG-ADF test is a two-step residual-based test where the first step relates to estimation of 

the cointegration coefficient β1 by using an OLS regression. The second step concerns testing 

for a unit root in the residuals using a Dickey-Fuller t-test. If cointegration is present, any 

linear combination of the variables would be stationary, thus ut would be stationary. The 

hypotheses for the test: 

          𝐻!:𝑁𝑜 𝑐𝑜𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑛𝑔 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠              (5.34) 

          𝐻!:𝐶𝑜𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑎𝑚𝑜𝑛𝑔 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑏𝑙𝑒𝑠             (5.35) 

The null hypothesis is that unit root in the residuals is present, thus that the variables are not 

cointegrated. If the null hypothesis is rejected, residuals are found stationary and there is 
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cointegration among the variables. The EG-test uses its own critical values as the ADF critical 

significance values are not quite appropriate, as the estimated ut is based on the estimated 

cointegrated parameter (Gujarati, 2004). The critical values can be found in appendix 11.  

 

 

Figure 35: Critical values for the EG-test and Shin test (Source: Engle & Granger, Shin).  

The test statistic from the EG-test is significantly larger than the critical value, thus the null 

hypothesis is rejected, and it is concluded that it exists cointegration between the variables 

Brent and transactions. AIC choose the appropriate number of lags included in the EG-test to 

ensure no autocorrelation. One lag was chosen, and the same number of lags was included in 

the Shin (KPSS)-test. The test is run without trend as if trend is included this means that the 

errors would grow steadily over time. This would violate the idea of cointegration.   

 

Shin test for cointegration 

A unit root test of residuals to test for cointegration may have low power, just like the regular 

ADF-test used to look for stationarity in variables. To overcome this weakness is the Shin test 

for cointegration applied in addition to the EG-test. The Shin test is based on the KPSS-test 

for stationarity and is also a residual-based test. The test is also divided into two steps where 

the first step estimates a cointegration regression and the second step concern to test the 

residuals: 

          𝑦! = 𝜉𝑡 + 𝑍´!𝛽 + 𝑟! + 𝜀!                                                                                          (5.36) 

In contrast to the EG-test, the null hypothesis of the Shin test is that the residuals are 

stationary and that cointegration is present (Shin, 1994). The critical values differ from the 

critical values in the regular KPSS-test used earlier in the thesis. Figure 35 present the 

relevant critical values for the test, while appendix 12 shows all critical values in the Shin test. 

The value of test statistic is smaller than the critical value at 1 percent and 5 percent, thus the 

null hypothesis of stationarity cannot be rejected. In regard to the Shin test, the Brent oil price 

1% 5% 10%
EG-test 3.77 3.17 2.84
Shin-test 2.126 1.199 0.841

Critical	values	residual-based	tests
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and M&A activity on the Norwegian continental shelf exhibit cointegration.  Figure 36 sum 

up the result of the cointegration tests and based on the tests it is concluded that the variables 

exhibit cointegration.   

 

Figure 36: Summary of the residual-based tests for cointegration.  

Overall, it is concluded that cointegration among the variables is present. The correction term 

is obtained by running a regression of Y on X and save the residuals. The correction term will 

be used later on in the analysis.  

 

5.4.3 Granger Causality 

When two variables are cointegrated, there must be Granger causality between the two 

variables in at least one direction. Thus, if Xt and Yt are cointegrated, either Yt must Granger 

cause Xt, or Xt must Granger cause Yt, or both (Koop, 2008). In the previous section, it was 

found a cointegration relationship between Transactions and Brent. This means that there 

exists Granger causality among the variables in at least one direction.  

Granger causality is only relevant for time series. If past values of X can help explain Y, then 

X Granger causes Y. Granger causality can only be applied to past events, thus one cannot say 

anything about future events causing current events to happen today. Granger causality in a 

simple augmented distributed lags-model (ADL model) is used to explain the concept of 

Granger causality. In the model, both X and Y are assumed to be stationary: 

           𝑌! = 𝑏! + 𝜌𝑌!!! + 𝛽!𝑋!!! + 𝑢!                                                        (5.37) 

In the model, the value of X from the last period has an explanatory power on the current 

value of Y. The measure of Xt-1 influence on Yt is measured by the coefficient β1. Past values 

of X would have no effect on Y if β1 is zero, thus X does not Granger cause Y.  However, if 

β1 is statistically different from zero, X Granger cause Y. The test is performed using an OLS 

regression of the ADL model and t-statistics. The test is formally called Granger non-

causality, as the null hypothesis of the test is that Granger causality does not occur (Koop, 

Test Lags Test	statistic Residuals Conclusion
EG-test 1 -10.5111 Level	stationarity Cointergration
Shin-test 1 0.8792 Level	stationarity Cointergration
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2008). However, in this thesis the test will be referred to as the Granger causality test which is 

the more common terminology.  

The concept of Granger causality in the simple ADF model can be extended to concern 

multiple lags of X and Y. The AIC can choose the appropriate number of lags, thus a suitable 

ADL (p, q) model: 

          𝑌! = 𝛽! + 𝛿 + 𝜌!𝑌!!! +⋯+ 𝜌!𝑌!!! + 𝛽!𝑋!!! +⋯+ 𝛽!𝑋!!! + 𝑢!                       (5.38) 

The hypothesis of the Granger causality test is the following: 

          𝐻! = 𝛽! = 𝛽! = 𝛽! = ⋯ = 𝛽! = 0                                                                          (5.39) 

          𝐻! = 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑏𝑜𝑣𝑒 ≠ 0                                                                    (5.40) 

X Granger cause Y if any of the beta values, β1,.., βq, are statistically significant. This model 

can investigate if any past values of X have explanatory power on the current value of Y. The 

difference between the two Granger causality tests are that the extended test look at the joint 

test of β1= β2= β3=…= βq while the simple test only investigates whether β1 = 0. The test uses 

F-statistics to test the joint hypothesis of equation 5.39 against the alternative hypothesis 

(Koop, 2008).  

The tests above can be adjusted to work in situations where variables are cointegrated. As 

cointegration exists between Brent and transactions, it is important to incorporate this into the 

Granger causality tests to prevent biased tests. An error correction model will be used to run 

the test when cointegration is present. The only essential difference from the ADL model is 

that is that the variables are differentiated and the presence of the correlation term, λe_t-1: 

          Δ𝑌! = 𝛽! + 𝛿! + 𝜆𝑢!!! + 𝛾!Δ𝑌!!! +⋯+ 𝛾!Δ𝑌!!! + 

          𝜔!Δ𝑋!!! +⋯+ 𝜔!Δ𝑋!!! + 𝑢!                                                                                (5.41) 

Granger causality hypothesis for the ECM is the following: 

          𝐻!: 𝜔! = 𝜔! = 𝜔! = ⋯ = 𝜔!  𝑎𝑛𝑑 𝜆 = 0                                  (5.42) 

          𝐻!:𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑏𝑜𝑣𝑒 ≠ 0                                  (5.43) 

The past values of X appear in the term ΔXt-1,…, ΔXt-q and ut-1. This means X does not 

Granger cause Y if ω1=… ωq = λ = 0. In this test, the roles are reversed when testing whether 
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Yt-p Granger cause Xt (Koop, 2008). The Granger causality test can be separated into two 

parts; the “short-run non-causality” and the “long-run non-causality”. The first part of 

equation 5.41 is the short-run non-causality, while the coefficient on the error correction term, 

λ, represents the long-term non-causality (Lee et al, 2002). Both short- and long-term 

causality effects will be tested in this thesis.  

 

5.4.4 The Error Correction Model 

As the Granger causality test for cointegration variables build upon the fundamentals of the 

error correction model (ECM) is it necessary to look at the theory behind the model. The 

theory behind the model is briefly discussed, as the purpose of the ECM in this thesis is only 

to form the foundation in the Granger causality analysis. ECM is a restricted version of the 

ADL model. It exists a valid error correction model (ECM) if a set of data is cointegrated. If 

two variables have a long run relationship and both are I (1), then there is a force, which pulls 

the equilibrium error back to zero in the long run. However, the variables can be in 

disequilibrium in the short run (Koop, 2008).  

The properties of ECM can be explained by the following equation: 

          ∆𝑌! = 𝜑 + 𝜆𝑢!!! + 𝜔!∆𝑋! + 𝑒!                             (5.44) 

Where et is the error in the ECM and ut is the error obtained from the cointegrating regression 

and can be interpreted as an equilibrium error. If the equilibrium error, ut is non-zero then the 

model is out of equilibrium. The coefficient of the equilibrium error, λ, must be negative for 

the error to restore Yt-1 to its long-term value. Assume ΔXt = 0, et = 0 and ut-1 is positive, then 

Yt-1 is too high to be in equilibrium. However, since λ is negative, will the term λut-1 be 

negative and ΔYt will be negative. In other words, the equilibrium error will be “corrected” as 

Yt-1 will start falling in the next period. If ut-1 is negative, ΔYt will be positive and Yt-1 will 

start rising in the next period. This explains the dynamics of the ECM model and how the 

variable Y, if out of equilibrium, will be pulled towards it in the next period. (Koop, 2008).  

The ECM has built in both long- and short-term properties. The long-run properties are 

incorporated in the ut-1 term, while the short-term movements are captured by the equilibrium 

error term, as well as the explanatory variable ΔXt. The equilibrium error is stationary as X 
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and Y are cointegrated. This means that all variables in the ECM are stationary, both the 

explanatory and the dependent variable (Koop 2008).  

Equation 5.44 is the simplest version of the ECM, however the model can include a 

deterministic trend, as well as lags of the dependent variable and the explanatory variables. In 

such a case, the error correction model can be explained using the following equation: 

          ∆𝑌! = 𝜑 + 𝛿𝑡 + 𝜆𝑢!!! + 𝛾!∆𝑌!!! +⋯+ 𝛾!∆𝑌!!! + 𝜔!∆𝑋! 

           +⋯+ 𝜔!∆𝑋!!! + 𝑒!                                                                                                 (5.45) 

Where δt is the deterministic trend and et is a random error term. The dynamics of the 

extended ECM with regards to adjustments to equilibrium is the same as for the simple 

model.  

The Granger methodology is very sensitive with regards to the lag length used in the model 

(Gujarati, 2004). The ADF estimated the optimal lag to be one, while the KPSS unit root test 

suggested a lag length of five. The estimation was based on the AIC which is commonly used. 

The variables Transactions and Brent will have a lag of one which was determined by the 

ADF-test in section 5.4.1. The shortest lag length is chosen for the variables due to the 

sensitivity of the lag length. Both the EG-test and Shin test suggested a lag length of one for 

the correction term, so the following lags will be applied in the Granger Causality tests. This 

results in the following error correction model used for Granger causality tests: 

          ∆𝑇! = 𝜑 + 𝜆𝑢!!! + 𝛾!Δ𝑇!!! + 𝜔!Δ𝐵!!! + 𝑒!              (5.46) 

Where Tt is the current value of transaction and Tt-1 is the lagged value. βt-1 is the lagged value 

of the oil price Brent. Figure 37 below presents the coefficient estimates and standard errors 

of the model: 

 

Figure 37: Error correction model estimates. 

Variable Estimate Standard	error
Intercept 0.0038 0.0058
ΔECT_t-1 -0.8572 0.0830 ***

ΔTransactions_t-1 -0.0016 0.0013
ΔBrent_t-1 0.0106 0.0637

Error	correction	model	estimates

*	10%	significance	**5%	significance	***1%	significance
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The estimates can be interpreted as with normal regression outputs. The error term is 

significant at 1% level, but the intercept and the other variables are not. As in line with theory 

and as expected the error correction term is negative. The coefficient measures how much 

transactions responds to equilibrium errors. The estimates of ΔECTt-1 and ΔTransactionst-1 

summarize the short-term properties. Since the coefficient of the Brent is positive, this implies 

that if the Brent oil price increase by one, then the transaction level will rise by 0.0106. This 

is in line with the findings in regression analysis and contingency table analysis. Furthermore, 

the coefficient of lagged value of transactions is negative implying that if the transaction level 

increases in one period it is likely to fall in the next. Overall, it cannot be drawn trustable 

conclusions based on the estimates as they are not significant. However, this is argued to be 

an interesting area for further research but there will be no further elaboration on the ECM 

due to the scope of the thesis. 

Both long-term and short-term Granger causality will be tested, and reverse tests will also be 

applied to control for the opposite direction of Granger causality. The model for the reverse 

Granger cause relationship can be found by rewriting equation 5.46. 

 

5.4.5 Results  

The Wald test, a parametric statistical test, is used to test for Granger causality. It can, in 

contrast to t-tests and f-tests, test the joint hypothesis for regressions that are both linear and 

non-linear. Thus, the test is argued to be slightly more complicated (Koop, 2008). The null 

hypothesis of the Wald test is no Granger causality, similar to equation 5.42, and the test 

follows the chi-square distribution (Gujarati, 2004).  

Figure 38 shows the results of the Granger causality tests. There is found that the Brent oil 

price Granger cause the transaction level on the Norwegian shelf in the long and short run. 

This suggests that firms respond to the oil price when making transactions. This supports the 

previous analysis with regression analysis and contingency table analysis. There is not found 

any reverse relationship, meaning that the transactions are not Granger causing the Brent 

price. Thus, transactions on the Norwegian continental shelf will not lead to higher or lower 

oil price. This is logical as Norway is quite small in the global oil market, so it seems unlikely 

that the M&A activity on the Norwegian continental shelf impact the international Brent oil 

price.  
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Figure 38: Summary of the Wald tests for Granger causality between cointegrated variables.  

It is important to point out a challenge with the Granger causality tests in this situation. Both 

Brent and transactions were found non-stationary in section 5.4.1, however when taking the 

first difference both variables became stationary. As mentioned earlier, the variables Brent 

and Transactions need to be integrated of the same order (I (1)) to be able to test any 

cointegrating relationship. Furthermore, the ECM-model require stationary variables, thus 

first difference of the variables, in combination with the correction term to perform Granger 

causality tests (Koop, 2008).  

The challenge with these actions is that the variable transactions is a count variable. It does 

not make economically sense to take the first difference of count data, as some of the counts 

will turn negative. However, first difference is used, as there are no other relevant methods for 

performing Granger causality tests on count data. Two of the main theories of the thesis, Ng 

& Donker (2013)(n.d.) also performed Granger causality tests on count data. As a result, the 

Granger causality test results are argued to be satisfactory to support the findings in the 

Poisson regression and contingency analysis.  

The oil price effect on transactions is familiar. Ng & Donker (2013) found that the oil price 

Granger cause oil takeover deals in Canada, but not vice versa. This is the exact same findings 

as the results from the Granger causality tests above. The research paper did not find the same 

Granger cause for gas prices, which indicate that the causality in the industry may be unique 

for oil prices. Another study by Ng & Donker (n.d.) also found that oil price (WTI crude) 

Granger cause transactions. In North America, it is even found a feedback relationship 

between the oil price and the transactions, thus the M&A activity also influence the oil price. 

North America is one of the largest oil nations globally and WTI crude is the most common 

oil price used there. Thus, it is argued to be more logical that the North American transactions 

drive the WTI crude price than that the Norwegian M&A activity drive the Brent price. 

Direction Period P-value Result
ΔBrent	→	Δtransactions Long-run 0.00*** Granger	cause	in	LR
ΔBrent	→	Δtransactions Short-run 0.03** Granger	cause	in	SR
Δtransactions	→ΔBrent Long-run 0.53 No	Granger	cause	in	LR
Δtransactions	→ΔBrent Short-run 0.96 No	Granger	cause	in	SR
*	10%	s igni ficance	**5%	s igni ficance	***1%	s igni ficance

Granger	causality	tests
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5.4.6 Diagnostic Tests  

The Granger causality test requires that all time series variables are stationary, thus the error 

correction term must also be checked for stationarity (Stock & Watson, 2012). Furthermore, 

the error correction model has certain requirements for the residuals in the model. These are 

absence of heteroscedasticity and autocorrelation, as well as normal distribution. In this 

section, tests will be conducted to check that all of the requirements above are fulfilled so that 

the results from the Granger causality tests are valid and trustable.  

 

Stationarity 

The Brent oil price and transactions are found stationary earlier in the thesis, while the 

correction term needs to be checked in terms of stationarity. The plot below shows some large 

spikes in the early 2000s, however overall the time series seems to show stationarity in the 

variables. This is supported by the ACF function plot, where the spikes lie within the 95% 

confidence interval and thus show white noise in the residuals. An ADF test is conducted on 

the correction term to secure stationarity. The test found the variable to be stationary and the 

results are showed in appendix 13. 

 

Figure 39: Plot (left) and ACF plot (right) for the correction term.  

 

Serial correlation 

To test for serial correlation a Breusch-Godfrey test (BG-test) is conducted. The test is a 

stepwise test, based on the fundamentals of the Lagrange multiplier test. A simple OLS 

regression with two variables will be used to explain the test, but the test can be conducted on 
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complex regressions with lagged values and many regressors. The first step of the test is to 

run a regression (Gujarati, 2004): 

          𝑌! = 𝛽! + 𝛽!𝑋! + 𝑢!                                                         (5.47) 

Where the errors might follow an AR (p) autoregressive scheme: 

          𝑢! = 𝜌!𝑢!!! + 𝜌!𝑢!!! +⋯+ 𝜌!𝑢!!! + 𝜀!                                  (5.48) 

Where εt is assumed to be white noise and ut-1 is the lagged value of the error term. The 

hypotheses of the test are: 

          𝐻!:𝜌! = 𝜌! = ⋯ = 𝜌! = 0               (5.49) 

          𝐻!:𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑏𝑜𝑣𝑒 ≠ 0                                         (5.50) 

The null hypothesis is no serial correlation (autocorrelation), thus that the coefficients, ρ, are 

simultaneously equal to zero. The second step in the test is to regress the error terms on the 

Xt-variables and ut-1, ut-2,…,ut-p, which are the lagged values of the estimated residuals: 

          𝑢! = 𝛼! + 𝛼!𝑋! + 𝜌!𝑢!!! +⋯+ 𝜌!𝑢!!! + 𝜀!                                  (5.51) 

The number of observations minus the number of lags, n-p, is multiplied with R-squared and 

this test statistics is approximately chi-square distributed with ρ degrees of freedom: 

          𝑅! 𝑛 − 𝜌  ~ 𝜒!!                                                                                                         (5.52) 

The null hypothesis of null serial correlation is rejected if the test statistic exceeds the critical 

value. If the null is rejected, there is autocorrelation in the error terms as at least one of the 

coefficients, ρ, are statistically different from zero (Gujarati, 2004).   

 

Figure 40: Summary of BG-test on the model.  

Serial correlation in the error term is present at a 5% significance level. This violates one of 

the assumptions in the ECM and can lead to biased and inconsistent estimates. 

Heteroscedasticity- and autocorrelation-consistent (HAC) estimators will be applied in the 

Granger causality tests to circumvent this issue.  

Test H0 P-value Conclusion
BG-test No	autocorrelation 0.0032 Autocorrelation
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Heteroscedasticity 

An ARCH test is applied to test for autocorrelation between the variance at time t and its 

lagged value. This phenomenon is called autoregressive conditional Heteroscedasticity 

(ARCH) (Gujarati, 2004). The ARCH model with ρ lags (Koop, 2008): 

          𝑢!! = 𝛾! + 𝛾!𝑢!!!! +⋯+ 𝛾!𝑢!!!!                                    (5.53) 

Where the volatility today is dependent on the squared value of the past errors. A Lagrange 

multiplier test by Engle (1982) can be used to assess the significance of ARCH effects: 

          𝐻!: 𝛾! = 𝛾! = ⋯ = 𝛾! = 0                                   (5.54) 

          𝐻!:𝑢!! = 𝛾! + 𝛾!𝑢!!!! +⋯+ 𝛾!𝑢!!!!                                                        (5.55) 

The null hypothesis is no ARCH effects, where the coefficients on the past squared error 

terms, γ, are all equal to zero.  The alternative hypothesis is autocorrelation between the 

variance and its lagged values. F-statistics are used as critical values to compare with Engle´s 

ARCH test statistics. There is no indication of ARCH effects in this ECM, as the p-value is 

above the critical value at 5% significance level (Engle, 1982). The result from the test is 

shown below. 

 

Figure 41: Summary of ARCH test on the model.   

 

Normality 

The Jarque-Bera test (JB-test) is conducted to assess whether the residuals are normally 

distributed. The test conducts analysis on the possibility of skewness, kurtosis or lack of 

symmetry in the distribution (Gujarati, 2004): 

          𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠 = 𝑆 = !(!!!)
!!

               (5.56) 

          𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠 = 𝐾 = ! !!! !

! !!! ! !                                   (5.57) 

 

 

Test H0 P-value Conclusion
ARCH	test No	ARCH	effects 0.1014 No	ARCH	effects
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The JB-test statistics is estimated based on the above: 

          𝐽𝐵 = 𝑛 !!

!
+ !!! !

!"
                                    (5.58) 

The hypotheses for the test: 

          𝐻!:𝑁𝑜𝑟𝑚𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠               (5.59) 

          𝐻!:𝑇ℎ𝑒 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 𝑎𝑟𝑒 𝑛𝑜𝑡 𝑛𝑜𝑟𝑚𝑎𝑙𝑙𝑦 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑                                 (5.60) 

The null hypothesis of the test is normally distributed residuals. For normal distributed 

residuals, the JB-statistic is zero. This means the skewness, S, should be zero and the kurtosis, 

K, and should to be three. The tests statistics follow the chi-square distribution (Gujarati, 

2004).  

 

Figure 42: Summary of the normality test on the model.  

The JB-test found that the residuals do not follow a normal distribution, and both skewness 

and kurtosis is present. According to Johansen (1995), the violation of normality is not crucial 

for the test and conclusion. Therefore, no further action will be taken regarding the 

assumption of normality. Overall, the requirements of the residuals are met to a satisfied 

level. The estimated ECM can be used in the Granger tests and the results can be trusted.  

 

Conclusion Granger causality 

There is statistical evidence that the Brent oil price Granger cause transactions on the 

Norwegian continental shelf, thus hypothesis 3 is confirmed. There was not found a reverse 

Granger causality relationship, thus the transaction level does not influence the Brent oil 

price. In other words, the oil price can provide information about future M&A activity on the 

Norwegian continental shelf. The diagnostic tests show that some of the assumptions in the 

ECM were violated, however, not significantly, so the ECM can be used, and the results of 

the Granger causality tests can be trusted. 

Test H0 P-value Conclusion
JB-test Normally	distributed 0.0000 Not	normally	distributed

Skewness No	skewness 0.0003 Skewness	is	present
Kurtosis No	kurtosis 0.0000 Kurtosis	is	present
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Chapter 6 

 

6.1 Conclusion 
Previous literature has found that M&A activity is affected by the oil price and that there is a 

positive impact between increases in the oil price and the total number of transactions. This 

study combines contingency tables, regression analysis and Granger causality tests, with the 

aim of studying and examining the relation between the oil price and M&A activity, focusing 

on the Norwegian continental shelf.  

The oil price has experienced significant fluctuations from 1998 to 2018; from the great rise 

in 2001 until it plunged during the financial crisis and the 2014-drop. The M&A activity on 

the Norwegian continental shelf experienced similar fluctuations during the time period. This 

caught the interest of the authors to investigate whether the level of the oil price significantly 

affects the number of transactions on the shelf. Previous literature has found that the level of 

the oil price and changes in the oil price have a significant and positive relation with the 

M&A activity in the U.S., Canada and North America as a whole. Based on findings in earlier 

research, hypothesis 1 in this thesis is that the effect of the oil price on M&A activity on the 

Norwegian continental shelf is positive, meaning that an increase in the oil price will lead to 

higher M&A activity on the shelf.  

The data analyzed are monthly data from January 1998 to December 2018, investigating the 

relationship between the oil price and monthly number of M&A deals and controlling for 

other effects by including variables such as volatility, interest rate, stock market performance, 

oil production and gas price.  

Contingency tables were created to test whether there is an association between oil price, 

seller type, buyer type and transaction type. It was also used to see if the data can tell whether 

the different buyers and sellers in the oil and gas industry show distinct and different takeover 

behavior when the level of the oil price ranges from low to high. The chi-square test, 

goodness-of-fit tests and the Haberman´s post-hoc analysis established an association between 

the oil price and seller-, buyer- and transaction type. These results were further supported by 

the result from Goodman and Kruskal´s Lambda, showing that knowledge about the level of 

the oil price has an explanatory value in relation to transaction-, seller- and buyer type. The 
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results, however, showed a small association, indicating that there are several other factors 

affecting the M&A deals on the Norwegian continental shelf. The analysis of the contingency 

tables showed that there is a relation between oil price and M&A activity. Furthermore, the 

analysis supported hypothesis 4 by showing that different types of oil companies show 

different takeover behavior when the oil price is ranging from low to high. However, the 

takeover behavior was not as distinct as proposed in the hypothesis. The analysis also 

supported hypothesis 5, that the level of oil prices has an impact on the type of transactions 

made on the Norwegian continental shelf. 

Regression model analysis was carried out to further inspect the relation. Macroeconomic 

factors were included to test the robustness and stability of the model, as well as to examine 

whether other variables have an impact on transactions. Consistent with the expectations and 

hypothesis 1, the regression model showed that the oil price has a significant and positive 

effect on the monthly number of transactions on the Norwegian shelf. These findings support 

existing literature and earlier studies. Furthermore, the regression model gave a positive 

relation between oil price volatility and M&A activity, but the relation was not statistically 

significant. The result is contradicting with hypothesis 2 and the real option theory from 

section 2.4, implying that higher volatility would discourage firms to engage in M&A, as 

higher volatility makes it difficult to accurately evaluate future revenue, and thus the value of 

the firm. The final Quasi-Poisson regression model had a R-squared of 17 percent, signalizing 

that there are other factors and strategic considerations included when oil companies are 

deciding if and when to engage in M&A activities.  

The Granger Causality tests verified hypothesis 3 as it was found that the oil price Granger-

causes the number of transactions, but not vice versa. In other words, the oil price can provide 

information about future M&A activity on the Norwegian continental shelf.  

The problem statement was expressed in five hypotheses, and the results are summarized in 

Figure 43. 
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Figure 43: Summary of the conclusions on the proposed hypotheses.  

Through the five hypotheses presented in this thesis, there has been established a relation 

between the oil price and the number of transactions on the Norwegian continental shelf. 

There is causality between the two variables, association has been established through 

contingency table analysis and the regression analysis has showed a significant and positive 

impact from the oil price. The results from this thesis indicate that the Brent crude oil price 

has a positive impact on the M&A activity on the Norwegian continental shelf.  

Hopefully, the results can be useful for companies and regulators on the field, as well as 

inspire academics to further study this research area both on the Norwegian continental shelf 

and in other countries.  

 

6.2 Criticism 

Econometric methods and tests should be a perfect representation of the real world, however 

this is not the case in reality due to the complexity and subjectivity of the application of the 

analysis. In this thesis, the authors strived to find the optimal methods and tests for 

econometric analysis as the dataset included a count variable. The issue regarding count data 

is argued to be more complex for an analysis on the Norwegian continental shelf compared to 

one in the U.S. and Canada, due to lower transaction volume, and thus lower monthly counts 

in the data set. The OLS regression model is commonly used for similar analysis, but due to 

the requirement of normality in variables, this model could not be used. The authors even 

argued to overlook the requirement of normality in the ECM model and Goodness-of-Fit tests 

to be able to use the tests for analysis. Also, as earlier stated there was an issue relating to the 

use of differentiated count data in the Granger causality tests. It should be noted that the way 

to handle these issues were backed up by previous research, but it describes the complexity of 

finding fitting econometric tests.  

Hypotheses Conclusion
Hypothesis	1 Confirmed
Hypothesis	2 Rejected
Hypothesis	3 Partly	Confirmed
Hypothesis	4 Partly	Confirmed
Hypothesis	5 Confirmed Granger-causality	test

Conclusions	on	the	proposed	hypotheses
Statistical	models
Regression	model
Regression	model
Contingency	tables
Contingency	tables
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The authors gathered and made the dataset used for the analysis. There is a risk of 

measurement errors as transaction data is gathered from different sources. The main sources 

are well-established investment banks, consulting firms and the Norwegian Petroleum 

Directorate that are argued to be reliable and acknowledgeable sources for retrieving data 

within the oil and gas industry.  

During the period from 1998 to 2018, the Norwegian continental shelf has developed 

significantly from being a new oil nation driven by International Independents (super-majors) 

to become an established oil nation driven by Norwegian companies and the Government. 

The changes on the shelf have been affected by political factors, institutional changes and the 

economic development both nationally and globally.  As the dataset includes the whole period 

from 1998 to 2018, and thus all these significant changes, this will impact the results of the 

analysis. This could be considered; for example, by using a shorter time period where the 

structural changes have been smaller, which could yield different results.  

For the purpose of contingency table analysis, the oil price was divided into three price 

ranges; low, medium and high. The selection of the ranges determines which oil price 

category each transaction belongs to and has significant impact on the contingency table 

analysis. It is worth noticing the impact of the price ranges on the test results, as the 

transactions included in each cell of the contingency tables are based on this selection of price 

range and that the results would have been different if other ranges were selected. However, 

the selection of the ranges is based on consensus in the industry and thereby argued to be the 

best possible estimate.  

 

6.3 Alternative and Future Perspectives of the Thesis 
Other perspectives or alternative analysis could have been included in the thesis. The analysis 

can be expanded to other oil dominating countries to investigate whether the oil price affects 

transactions elsewhere. The thesis is inspired by similar research papers by Hsu et al (2017) 

and Ng & Donker (2013) (n.d.), which tested whether the M&A activity in Canada, the U.S. 

and North America are influenced by the oil price. An extension of the research to more 

countries or even globally would be interesting. By doing so, one can look for patterns and 

investigate further whether there are certain factors that determine the effect of oil prices.  
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It would be interesting to extend the analysis to include other segments than only the 

upstream segment on the Norwegian continental shelf. As stated earlier, the upstream segment 

is argued to be most influenced by the oil price, however it would be interesting to test 

whether oil price levels affect the downstream and midstream segments in a similar way.  

An interesting perspective of the analysis would be to focus on the lagged effects of the oil 

price on M&A activity. The concept of lagged effects is briefly used in the Granger causality 

tests where the AIC found the optimal lags of the transaction variable and the correction term 

in the Error Correction model. However, it would be interesting to look further into and more 

in depth, the lagged effect the oil price has on transactions. This was out of the scope of this 

thesis but would extend this paper as well as previous research on the field.  

There was found a cointegrating relationship between the Brent oil price and the transaction 

level on the Norwegian continental shelf. The Error Correction Model was applied to combine 

the cointegration with the Granger causality tests. However, the ECM estimates were only 

briefly discussed and hardly any of them statistically significant. A more comprehensive 

analysis of the output from the model is suggested for further research. Hopefully, this can 

provide statistically significant coefficients and add details regarding the cointegrating 

relationship, as well as the effects of Brent and previous transaction volume on transactions.  

The thesis focuses on the affect oil price has on transactions. In the regression model other 

industry factors such as oil price volatility and oil production are incorporated. There may be 

other factors influencing the transaction level.  Section 2.1 focuses on the strategic drivers 

behind M&A activity and an alternative perspective of the thesis could have been to 

investigate the strategic drivers behind transactions on the Norwegian continental shelf. This 

could complement the existing industrial factors and give a clearer picture on the main drivers 

behind the M&A activity on the shelf.  

As stated in the criticism, the period of the data is characterized by significant development 

and changes, which may have influenced the results of the analysis. A possible extension of 

the analysis could be to test for the affect oil price has on transactions over various sub 

periods. By doing so, one can see whether there are periods within the time period from 1998 

to 2018 where the oil price has had a larger impact on the transaction level than other periods.  
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Appendix 
Appendix 1 – Graphs Oil Price and Transaction Type 
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Source: Bloomberg and Norwegian Petroleum Directorate  
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Appendix 2 – Graphs Oil Price and Buyer Type 
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Source: Bloomberg and Norwegian Petroleum Directorate  
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Appendix 3 – Graphs Oil Price and Seller Type 

 

 

International	Independent

Large	Norwegian

Medium-sized

5
15
25
35
45
55
65
75
85
95
105
115

0

2

4

6

8

10

12

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Transactions Oil	price

5
15
25
35
45
55
65
75
85
95
105
115

0

2

4

6

8

10

12

14

16

18

20

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Transactions Oil	price

5
15
25
35
45
55
65
75
85
95
105
115

0

5

10

15

20

25

30

35

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Transactions Oil	price



122	
	

 

Source: Bloomberg and Norwegian Petroleum Directorate  
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Appendix 4: Upper Critical values of chi-Square distribution with v degrees of freedom 

 

Source: Stock & Watson (2012). P. 603-607 and 768 
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Appendix 5 – Haberman´s Post-hoc Analysis  

 

 

Oil	Price/Transaction	Type Corporate	M&A Exploration Discoveries Development Production Total
Low 19 36 34 27 39 155

Medium 18 55 27 14 20 134
High 21 119 37 12 33 222
Total 58 210 98 53 92 511

e Corporate	M&A Exploration Discoveries Development Production Total
Low -0,7585 -5,0680 -0,4975 1,9169 0,5247 -3,8824

Medium -0,4430 -2,0390 -1,0010 -0,6235 -2,0770 -6,1836
High 1,4230 8,4591 2,3393 -0,2116 1,7294 13,7391
Total 0,2215 1,3521 0,8408 1,0818 0,1770 3,6732

u	hat Corporate	M&A Exploration Discoveries Development Production Total
Low 0,6176 0,4104 0,5631 0,6244 0,5712 2,7867

Medium 0,6540 0,4346 0,5963 0,6612 0,6049 2,9511
High 0,5014 0,3331 0,4571 0,5069 0,4637 2,2622
Total 1,7730 1,1781 1,6164 1,7926 1,6399 8,0000

d Corporate	M&A Exploration Discoveries Development Production Total
Low -0,9651 -7,9113 -0,6631 2,4259 0,6942 -6,4194

Medium -0,5478 -3,0930 -1,2963 -0,7668 -2,6705 -8,3744
High 2,0097 14,6559 3,4601 -0,2973 2,5396 22,3679
Total 0,4967 3,6516 1,5007 1,3618 0,5633 7,5741

Oil	Price/Buyer	Type International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 25 36 36 32 16 145

Medium 6 8 49 47 25 135
High 10 13 93 94 42 252
Total 41 57 178 173 83 532

e International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 3,1750 3,6137 -3,1809 -3,8420 -2,6384 -2,8727

Medium -1,7528 -2,3521 -0,8028 -1,2435 -0,5036 -6,6549
High 0,1558 -0,3040 7,5659 7,4593 4,3393 19,2164
Total 1,5779 0,9576 3,5823 2,3738 1,1973 9,6889

u	hat International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 0,6714 0,6495 0,4841 0,4909 0,6140 2,9098

Medium 0,6887 0,6663 0,4966 0,5036 0,6298 2,9850
High 0,4858 0,4699 0,3502 0,3552 0,4442 2,1053
Total 1,8459 1,7857 1,3308 1,3496 1,6880 8,0000

d International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 3,8748 4,4839 -4,5720 -5,4836 -3,3672 -5,0640

Medium -2,1121 -2,8816 -1,1392 -1,7524 -0,6346 -8,5199
High 0,2235 -0,4434 12,7848 12,5166 6,5108 31,5922
Total 1,9863 1,1589 7,0736 5,2806 2,5089 18,0083
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Oil	Price/Seller	Type International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 40 44 39 11 11 145

Medium 32 10 49 33 13 137
High 38 18 120 60 20 256
Total 110 72 208 104 44 538

e International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 0,3102 3,6589 -3,8527 -4,3088 -0,9128 -5,1052

Medium -0,5120 -2,7805 -2,0773 -0,2270 -0,0854 -5,6822
High 2,1439 -0,0029 9,7701 6,5565 3,0611 21,5288
Total 1,9421 0,8755 3,8401 2,0208 2,0629 10,7414

u	hat International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 0,6714 0,6495 0,4841 0,4909 0,6140 2,9098

Medium 0,6853 0,6629 0,4941 0,5010 0,6266 2,9699
High 0,4788 0,4632 0,3452 0,3501 0,4379 2,0752
Total 1,8355 1,7756 1,3233 1,3420 1,6785 7,9549

d International	Independent Large	Norwegian Medium-sized Small	Company Utilities Total
Low 0,3786 4,5400 -5,5376 -6,1499 -1,1649 -7,9338

Medium -0,6185 -3,4150 -2,9553 -0,3207 -0,1079 -7,4174
High 3,0983 -0,0042 16,6285 11,0811 4,6261 35,4299
Total 2,8583 1,1208 8,1356 4,6106 3,3533 20,0787
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Appendix 6 – Goodman and Kruskal´s Lambda 

 

 

 

Transaction	Type/Oil	Price Low Medium High Total
Corporate	M&A 19 18 21 58
Exploration 36 55 119 210
Discoveries 34 27 37 98
Development 27 14 12 53
Production 39 20 33 92

Total 155 134 222 511

E(1) 301 P1 0,589041096
E(2) 298 p	a 0,748387097
PRE 0,009967 p	b 0,589552239

p	c 0,463963964
P2 0,583170254

lambda 0,009966777

Buyer	Type/Oil	Price Low Medium High Total
International	Independent 25 6 10 41

Large	Norwegian 36 8 13 57
Medium-sized 36 49 93 178
Small	Company 32 47 94 173

Utilities 16 25 42 83
Total 145 135 252 532

E(1) 359 P1 0,67481203
E(2) 353 p	a 0,751724138
PRE 0,016713 p	b 0,637037037

p	c 0,626984127
P2 0,663533835

lambda 0,016713092

Seller	Type/Oil	Price Low Medium High Total
International	Independent 40 32 38 110

Large	Norwegian 44 10 18 72
Medium-sized 39 49 120 208
Small	Company 11 33 60 104

Utilities 11 13 20 44
Total 145 137 256 538

E(1) 330 P1 0,6134
E(2) 325 p	a 0,6966
PRE 0,015152 p	b 0,6423

p	c 0,5313
P2 0,6041

lambda 0,0152
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Appendix 7 – Goodness-of-Fit Tests 

 

Goodness-of-Fit	Test:	Transaction	Type

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 26 0,33 19 2

Medium 19 0,33 19 0
High 13 0,33 19 2
Total 58 Chi^2 4,379

Critical	value	(5%) 5,991
H0:	no	difference Not	reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 36 0,33 70 17

Medium 55 0,33 70 3
High 119 0,33 70 34
Total 210 Chi^2 54,029

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 34 0,33 33 0

Medium 27 0,33 33 1
High 37 0,33 33 1
Total 98 Chi^2 1,612

Critical	value	(5%) 5,991
H0:	no	difference Not	reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 27 0,33 18 5

Medium 14 0,33 18 1
High 12 0,33 18 2
Total 53 Chi^2 7,509

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 39 0,33 31 2

Medium 20 0,33 31 4
High 33 0,33 31 0
Total 92 Chi^2 6,152

Critical	value	(5%) 5,991
H0:	no	difference Reject

Corporate	M&A

Exploration

Development

Discoveries

Production
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Goodness-of-Fit	Test:	Buyer	Type

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 25 0,33 14 9

Medium 6 0,33 14 4
High 10 0,33 14 1
Total 41 Chi^2 14,683

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 36 0,33 19 15

Medium 8 0,33 19 6
High 13 0,33 19 2
Total 57 Chi^2 23,474

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 36 0,33 59 9

Medium 49 0,33 59 2
High 93 0,33 59 19
Total 178 Chi^2 30,079

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 32 0,33 58 11

Medium 47 0,33 58 2
High 94 0,33 58 23
Total 173 Chi^2 36,289

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 16 0,33 28 5

Medium 25 0,33 28 0
High 42 0,33 28 7
Total 83 Chi^2 12,602

Critical	value	(5%) 5,991
H0:	no	difference Reject

Utilities

Small	Company

Medium-sized

International	Independent

Large	Norwegian
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Goodness-of-Fit	Test:	Seller	Type

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 40 0,33 37 0

Medium 32 0,33 37 1
High 38 0,33 37 0
Total 110 Chi^2 0,945

Critical	value	(5%) 5,991
H0:	no	difference Not	reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 44 0,33 24 17

Medium 10 0,33 24 8
High 18 0,33 24 2
Total 72 Chi^2 26,333

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 39 0,33 69 13

Medium 49 0,33 69 6
High 120 0,33 69 37
Total 208 Chi^2 56,260

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 11 0,33 35 16

Medium 33 0,33 35 0
High 60 0,33 35 19
Total 104 Chi^2 34,750

Critical	value	(5%) 5,991
H0:	no	difference Reject

Oil	Price Oi Prob Ei (Oi-Ei)^2/Ei
Low 11 0,33 15 1

Medium 13 0,33 15 0
High 20 0,33 15 2
Total 44 Chi^2 3,045

Critical	value	(5%) 5,991
H0:	no	difference Not	reject

International	Independent

Large	Norwegian

Medium-sized

Small	Company

Utilities
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Appendix 8 – Correlation Plots   
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Appendix 9 – PACF plots of Brent and transactions 
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Appendix 10 – ACF and PACF plots of Brent and transactions in first difference 
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Appendix 11 – Engle and Granger critical values for cointegration 

 

Source: Engle, R. F. & Granger, C. W. (1987). “Co-integration and Error Correction: Representation, 

Estimation and Testing,” Econometrica, vol. 55, 269 
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Appendix 12 – Shin critical values for cointegration 
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Source: Shin, Y. (1994). A Residual-Based Test of the Null of Cointegration against the 

Alternative of No Cointegration. Econometric Theory, Vol. 10, No 1, 100-101.  
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Appendix 13 – ADF unit root test for correction term 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Model	specification Lags Test	statistic Critical	value Conclusion
ADF	test Random	walk	with	drift 1 -10.5076 -1.95	at	5% Level	stationary

Correction	term


