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This Bachelor's Thesis examines how environmental, social, and governance (ESG) 

performance is valued in merger and acquisition (M&A) transactions. The study additionally 

aims to foster an understanding of the value ESG has for M&A activity. The existing literature 

suggests a positive relationship between ESG performance and the acquisition price. However, 

the previous research is inconclusive, with some studies showing mixed results. 

 

This study uses a sample of 184 completed acquisitions announced by U.S firms between 2010 

and 2019. The relation of ESG performance to acquisition price is examined using a 

multivariate linear regression. The results are further analyzed by applying a series of statistical 

tests and descriptive analyses to verify the validity of the results.  

 

The main findings provide further evidence for a significant positive value effect between ESG 

performance and the acquisition price. However, the results for individual ESG dimensions 

were mixed. The social performance dimension has a significant positive relationship with the 

acquisition price, while the governance and environmental dimensions were non-significant. 

Furthermore, the findings reveal two aspects: i) acquirers may pay higher acquisition prices for 

high ESG performing target companies, and ii) target companies with an emphasis on social 

concerns may achieve a higher acquisition price. 

 

The study suggests that the value of ESG in M&A transactions may result from the role of ESG 

in mitigating information barriers, reputational concerns, and company risks and is principally 

related to activities that are considered beneficial to workers, suppliers, customers, 

stakeholders, and the community. 
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Tässä kandidaatintutkielmassa tarkastellaan, miten ympäristöön, yhteiskuntavastuuseen ja 

hyvään hallintotapaan (ESG) liittyviä tekijöitä arvostetaan yrityskauppojen ja 

yritysjärjestelyiden yhteydessä. Tutkimuksen tavoitteena on tuoda lisää tutkimusnäyttöä, jonka 

avulla voidaan edistää ymmärrystä ESG:n arvosta yrityskauppojen yhteydessä. Aikaisempi 

kirjallisuus antaa viitteitä positiivisesta suhteesta ESG-suorituskyvyn ja yrityskaupan hinnan 

välillä. Aikaisempi tutkimus ei kuitenkaan ole konklusiivinen, osassa tutkimuksissa on esitetty 

vastakkaisia tuloksia. 

 

Tutkimuksessa käytetään otosta, joka koostuu 184 toteutuneesta yrityskaupasta 

yhdysvaltalaisilla yrityskauppamarkkinoilla vuosien 2010 - 2019 välillä. ESG-suorituskyvyn 

suhdetta yrityskaupan hintaan tutkitaan lineaarisen monimuuttuja regression avulla. Saatuja 

tuloksia analysoidaan tarkemmin soveltamalla useita tilastollisia testejä ja kuvailevia 

analyysejä tulosten paikkansapitävyyden tarkistamiseksi.  

 

Tutkimuksen keskeiset tutkimuslöydökset antavat lisänäyttöä siitä, että ESG-suorituskyvyn ja 

yrityskaupan hinnan välillä on merkitsevä positiivinen arvovaikutus. Yksittäisten ESG-

ulottuvuuksien osalta tulokset olivat kuitenkin vaihtelevia. Sosiaalisen suorituskyvyn 

ulottuvuudella on tilastollisesti merkitsevä positiivinen vaikutus yrityskaupan hintaan, kun taas 

ympäristöön ja hyvään hallintotapaan liittyvät ulottuvuudet eivät ole merkitseviä. Lisäksi 

tutkimustulokset tuovat esille kaksi näkökulmaa: i) ostajat maksavat todennäköisesti 

korkeampia hankintahintoja ESG-suorituskyvyltään hyvistä kohdeyrityksistä ja ii) sosiaalisia 

kysymyksiä korostavat kohdeyritykset voivat saada korkeamman hinnan yritysostossa. 

 

Tutkimus antoi viitteitä siitä, että ESG:n arvo yrityskaupoissa voi johtua mahdollisesti ESG:n 

roolista informaatioesteiden, mainehaittojen ja liiketoimintariskien vähentämisessä, ja se liittyy 

ensisijaisesti toimintoihin, jotka ovat edullisia tavarantoimittajia, asiakkaita, työntekijöitä, 

sidosryhmiä ja yhteisöä kohtaan.  
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1. Introduction  

 

The global activity for mergers and acquisitions (M&A) has increased in recent years. M&As 

are seen as a strategic option to unlock economic value for a company. Businesses seek to 

expand into new markets, accelerate revenue growth, or improve their competitive position by 

acquiring competitors, subcontractors, and customer firms (Katramo et al., 2013). In recent 

years, investors, business leaders, and other stakeholders have turned their attention to 

environmental, social, and governance (ESG) performance as a recognized and increasingly 

important way to increase the value of a company (Piechocka-Kaluzna, Tluczak, and Lopatka, 

2021).  

 

ESG refers to environmental, social responsibility, and governance issues and is often referred 

to as "corporate social responsibility" (CSR). ESG is reflected in a company's business 

practices - how its activities, products, and services support sustainable development. 

Integrating ESG considerations into business practices has the potential to create long-term 

value by creating opportunities and managing risks associated with the company's 

environmental, social, and governance factors (Gillan, Koch, and Starks (2021).  

 

The existing literature suggests that ESG considerations may significantly contribute to M&A 

transactions through risk management and long-term value creation. However, most studies 

have focused on the ESG value creation aspect on financial performance and have rarely 

examined the impact of ESG on M&A transactions (Li, He, Dbouk, and Zhao, 2021). In 

addition, some studies have presented contradictory findings suggesting that ESG may be 

inversely related to firm value creation (Tampakoudis et al., 2021; OECD, 2021).  

 

The motivation for this study is to provide further evidence by integrating ESG considerations 

into M&A valuation decision-making, which is essential for improving the financial 

performance and risk management of M&A transactions. The mixed findings in the existing 

literature underline the significance of this study and provide further motivation to investigate 

the relationship between ESG and M&A. This study will extend the previous research by Li et 

al. (2021) from examining acquisitions in the Chinese M&A market to scrutinizing the U.S 

market for exploring the value of ESG from a developed market perspective.  
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1.1 Research Objectives 
 

The main objective of this study is to examine how environmental, social, and governance 

(ESG) performance is valued in merger and acquisition (M&A) transactions. This study 

additionally aims to foster an understanding of the value ESG has for M&A activity. To achieve 

the main objectives of this study, the main research question is formulated as follows: 

 

Q1: Does a company’s ESG performance impact its transaction price in an M&A transaction? 

 

The second objective of this study is to examine how the individual ESG factors are valued in 

M&A transactions and to provide a more detailed understanding of the ESG impact. To achieve 

the second objective of this study, the research sub-question is formulated as follows: 

 

Q2: How do the company’s dimensional ESG performance factors: environmental, social, and 

governance, impact its transaction price in an M&A transaction? 

 

To address the research questions, a multiple linear regression method is deployed to examine 

the ESG performance effect in the U.S M&A market from 2010 to 2019. The results are further 

analyzed using a series of statistical tests and descriptive analyses to evaluate the validity of 

the results. 

 

1.2 Delimitations 
 

The study is limited to completed and announced acquisitions in the U.S M&A market between 

2010 and 2019. M&A transactions from other countries and cross-region transactions are 

excluded from this study. The U.S market was selected for the following five reasons: i) The 

U.S is the world’s largest economy, and the country is highly developed. There is evidence that 

acquirers are more likely to pay higher acquisition prices for high ESG performing target 

companies in developed markets (Li et al., 202; Gillan et al., 2021). The results suggest that 

developed countries may place more emphasis on ESG issues. Moreover, they may benefit 

from extensive resources, a relatively stronger growth environment, and a sense of social 

responsibility. ii) The U.S market emphasis on ESG issues provides a meaningful basis for 

examining the ESG value effect. iii) The high volume of U.S M&A transactions provides a 

relatively large sample size, which may improve the reliability of the results. iv) The single 



 9 

market approach contributes to limiting the scope of the study and removes the influence of 

national ESG policies from the results. v) The availability of well-documented, high-quality 

ESG and financial data contributes to the validity of this study.  

 

The analysis period was limited to 2010 and 2019 due to possible distortions in firm value 

during the COVID-19 pandemic. Tampakoudis et al. (2021) provide evidence that ESG 

activities may negatively affect company value during unexpected shocks in the market. 

Therefore, companies with high ESG performance may receive biased valuations during the 

market shock periods. In addition, the size of transactions was limited to at least $10 million to 

avoid small transactions and eliminate the size bias. A recent study conducted by Ahmad et al. 

(2021) found a significant positive relationship between a firm’s environmental performance 

and size. They suggest that larger firms may invest more in ESG activities as they experience 

more pressure from stakeholders and have higher resources and economies of scale. The 

limitations are discussed further in the sample section.  

 

1.3 Research Structure 
 

This study is structured as follows: Section 2 reviews the existing literature and develops 

hypotheses concerning the existing literature and the research questions. Section 3 discusses 

the background of M&A and presents the commonly applied valuation methodologies to M&A 

transactions. Section 4 introduces the data, the regression model, and the variables used in this 

study. Section 5 examines the descriptive statistics of the variables, reviews and discusses the 

empirical results, and tests the validity of the underlying regression assumptions. Section 6 

discusses the limitations of the study. Section 7 concludes the study by summarizing the key 

research findings concerning the research objectives and provides recommendations for future 

research. 
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2. Literature Review and Hypothesis Development 

A widely used business definition of environmental, social, and governance (ESG) and 

corporate social responsibility (CSR) is that used by the Conference Board, which defines the 

terms as “the pursuit of a business growth strategy that creates long-term shareholder value by 

seizing opportunities and managing risks related to the company’s environmental and social 

impacts” (Hedstrom, 2018). As an alternative definition Gillan et al. (2021) define ESG as how 

companies and investors integrate environmental, social and governance concerns into their 

business practices. 

 

ESG and CSR are inseparable terms in practice, however there are some differences between 

the terms. Environmental, social and governance (ESG) is usually considered as a broader term 

than corporate social responsibility (CSR). Nevertheless, they are frequently treated as 

synonyms in the literature. This study prefers to use the term ESG rather than CSR as it 

explicitly defines the areas it covers, environment, social and governance. 

Khan, Serafeim, and Yoon (2016) explain that sustainability, ESG and CSR have been used 

synonymously to describe a company’s voluntary business practices to govern its 

environmental and social impacts and enhance its positive commitment to society. Ahmad, 

Mobarek, and Roni (2021) also refer to ESG and CSR as an alternative definitions, arguing 

that ESG performance reflects a firm's corporate social responsibility. Gillan et al. (2021) 

further explain that CSR has been referred to as being better “corporate citizen”. Gillan et al. 

(2021) notes that “ESG includes governance explicitly and CSR includes governance issues 

indirectly” as they link to environmental and social concerns. 

 

Inderst and Stewart (2018) explain that there is no definitive list of ESG issues policies and 

economies are constantly changing and vary between regions and countries. A research report 

published by OECD (2021) classifies climate change, carbon emissions, pollution, and 

resource efficiency as environmental issues. Social issues include labor standards, diversity, 

and human capital development. And corruption, transparency, and stakeholder fairness are 

corporate governance issues. 

 

Another key concept is ESG integration, as it is the process by which ESG considerations are 

structurally integrated into company practices. In the Principles of Responsible Investing 
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(PRI), the ESG integration is defined as the "explicit and systematic inclusion of ESG issues 

in investment analysis and investment decisions" (Orsagh Matt, Slogget, and Georgieva, 2018). 

In other words, it is the incorporation of ESG into traditional fundamental financial analysis 

and investment decisions performed by company’s investment management. Friede, Busch, 

and Basse (2015) explain that ESG integration requires a detailed and in-depth understanding 

of how to integrate ESG factors into investment decision-making to realize the full potential of 

ESG. Moreover, one of the main aspects of ESG integration is risk reduction or profit 

consolidation.  

 

A published research report by the Governance & Accountability Institute (2018) explains that 

the initial focus of ESG integration began with corporate governance, and overtime expanded 

to include environmental management and social issues. Governance is seen as overseeing that 

the company’s applied ESG strategies are implemented and executed. Investors look from a 

traditional governance perspective at how company's environmental and social strategies are 

implemented, and results produced. Van Duuren, Plantinga, and Scholtens (2016) argue, that 

in terms of ESG dimensions the strongest emphasis has been on corporate governance, a 

concept closely linked to the quality of management. Moreover, a successful integration of 

ESG policy requires a great deal of strategic planning, as it is linked directly to long-term 

decisions. The researchers highlight factors that companies should emphasize, such as ESG 

related production technology, resource efficiency and the social dimension, e.g., worker-

community relations. Thus, the company's financial performance can be negatively affected if 

the environmental and social dimensions are not well managed. 

 

The term ESG investing can be equated with ESG integration, as it incorporates ESG 

considerations into investment decisions. Inderst and Stewart (2018) describe ESG investing 

as integrating environmental, social, and governance concerns into investment analysis and 

decision-making processes. Boffo and Patalano (2020) define ESG investing as enhancing 

long-term value by using environmental, social, and governance factors in investment analyses. 

They argue that ESG investing can help reduce business risks and identify new growth 

opportunities. 

 

According to OECD (2021) research report, ESG ratings, classifications, and investment 

frameworks are increasingly valuable tools for incorporating sustainability considerations into 

investment strategies. The report explains that these approaches enable investors to make 
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informed investment decisions on value calculations and asset allocation. Applying and 

reporting ESG practices has become an essential requirement for any company seeking to 

maintain its reputation (Piechocka-Kaluzna et.al, 2021).  

 

In conclusion, ESG refers to environmental, social responsibility, and governance issues and 

is widely considered a distinctive characteristic of sustainable businesses. ESG information is 

beneficial for companies by producing new opportunities and a pathway to seize long-term 

value. ESG integration can be described as the process of incorporating ESG information into 

investment decision-making by improving risk-adjusted returns that have a positive impact on 

the community and the environment. 

 

 2.1 ESG and Financial Performance 
 

Ahmad et al. (2021) examines the relationship between a firm's ESG performance and financial 

performance in UK companies listed on the FTSE350 index by applying a regression analysis. 

They concluded that higher ESG positively affects a company's financial performance by 

mitigating information asymmetries between companies and stakeholders. For individual ESG 

factors, the results were mixed, with no evident impact on financial performance. A study 

conducted by Huang (2021) provides further evidence for a positive relationship between ESG 

and financial performance. The study examined 21 meta-analysis studies and found a 

statistically significant, albeit economically modest, positive relationship between ESG and 

financial performance. The findings suggest that environmental concerns are associated more 

closely with financial performance than social or governance factors. 

 

According to Friede et al. (2015), researchers have published over 2,000 empirical studies 

exploring the link between ESG and firms' financial performance. The authors conducted 

statistical analysis that combined the past literature, and concluded that approximately 90% of 

the published studies found a nonnegative relation between ESG and corporate financial 

performance. Furthermore, they highlight that most of these studies report positive findings. 

For individual ESG relationships, governance scored the highest positive findings, 62.7%, and 

on the other hand, demonstrated the highest percentage of negative findings, 9.2%. The 

environmental and social dimensions scored 58.7% and 55.1% positive and 4.3% and 5.1% 

negative, respectively. 
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2.2 ESG, Risk and Cost of Capital  

There is empirical evidence that higher ESG performance may decrease a firm credit risk 

rating. Henisz and McGlinch (2019) applied qualitative analysis to examine how company-

specific ESG-related material events affected a company's ESG score, e.g., changes in 

management transparency or country-specific sustainability policies. They concluded that 

managers should apply a long-term consideration to ESG issues to avoid negative surprises in 

terms of lawsuits, government actions, and sales. Furthermore, the findings suggest that high 

ESG performance is inversely related to a company's credit rating. Inderst and Stewart (2018) 

found similar results in their study: ESG performance is inversely related to firm credit risk. 

The study concludes that higher ESG performance may reduce a company’s credit risk and 

ultimately the cost of debt and vice versa. They stress that poor management of environmental 

and social issues is associated with increasing credit risk, however, the extent of the risk varies 

across industries.  

 

ESG performance can be an essential resilience factor in growing economic uncertainty by 

enhancing systematic risk tolerance. Vishwanath (2007) explains that systematic risk 

negatively affects the markets as a whole - not limited to a single investor, firm, or industry. 

Albuquerque, Koskinen, and Zhang (2019) used regression analysis to examine the relationship 

between ESG performance and market risk in U.S firms between 2003 and 2015. The authors 

concluded that ESG firms may exposure less to market risks. Their theory and empirical 

evidence suggest that product differentiation strategies may lead to less price elastic demand 

for high ESG firms. However, recent research conducted by Tampakoudis, Noulas, Kiosses, 

and Drogalas (2021) analyzed pre- and post-pandemic M&A announcements and found an 

inverse relationship between ESG and shareholder value. They explain that investments in ESG 

initiatives can be costly and not necessarily resilient to systemic risks such as the COVID-19 

pandemic. 

 

Recent research evidence suggests that higher ESG performance may lead to a lower weighted 

average cost of capital (WACC) and cost of equity. Piechocka-Kaluzna et al. (2021) conducted 

a regression analysis to examine the relationship between company ESG performance, WACC, 

cost of equity, and debt. The sample consisted of firms operating in the U.S. market between 

2016 - 2022. The study found a statistically significant inverse correlation between ESG, 

WACC, and cost of equity. They suggest that ESG considerations may improve a company's 
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financial position because they imply the ability to raise capital at a lower cost, which, in turn, 

impacts the financial performance. 

2.3 ESG, Stakeholders and Firm Value   
 

Stakeholder theory, originally introduced by Freeman in 1984, explains that companies should 

create value for all stakeholders and not exclusively for shareholders (Freeman, 2010). 

According to Freeman, Wicks, and Parmar (2004), companies should consider the impact of 

their actions on different stakeholders with an interest or a stake in the company. They argue 

that companies should develop strong relationships with various stakeholders and provide the 

necessary resources to meet their interests. As a result, stakeholders are more willing to offer 

their expertise and invest in the companies. Li et al. (2021) show recent evidence that high-

performing ESG companies can reduce acquirers (buyers) concerns about conflicts of interest 

between different stakeholders, consequently achieving a higher valuation in M&A 

transactions. 

 

A study conducted by Gillan et al. (2021) suggests that ESG activities may create value in two 

ways, either by increasing shareholder value or maximizing shareholder utility. They explain 

that this may result from a reputational effect: customers are more willing to buy from 

companies with a good reputation for corporate responsibility, which may lead to increased 

cash flows and a lower discount rate. The study also notes that the shareholders may perceive 

that they benefit more from owning responsible companies, and could consider the produced 

goods more valuable, even if the cash flows of responsible companies are equal to their less 

responsible competitors. 

 

Li et al. (2021) applied a regression analysis to examine the relationship between ESG 

performance and acquisition price in the Chinese M&A market between 2007 and 2018. They 

concluded that acquirers are more likely to pay higher acquisition prices for higher ESG 

performing companies. In particular, companies that emphasized good relations with suppliers, 

customers, shareholders, and the natural environment received higher valuations in the Chinese 

M&A market. Henisz, Dorobantu, and Nartey (2014) conducted an event-based study utilizing 

a regression analysis and found an economically direct and positive relationship between firm 

valuation and the social ESG factor in the gold mining industry. They concluded that 

companies with higher social capital compared to their competitors may achieve higher firm 
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valuations. The findings suggest that companies with social activities that were seen as 

advantageous by public stakeholders could benefit from more efficient production operations 

without extensive planning or operational delays. Gao and Zhang (2015) scrutinized the 

relationship between ESG and firm performance in globally operating firms between 1993 and 

2010. They deployed a regression analysis and found that firms with higher ESG performance 

may simultaneously achieve higher returns, higher firm value, and a stronger relationship 

between current and future returns. Moreover, the results suggest that the reported returns of 

primarily socially responsible companies are more likely to deviate less from their permanent 

returns. 

 

According to a research report published by the OECD (2021), ESG has the potential to 

enhance firm value and, on the other hand, diminish it. The report explains that investment 

decisions in ESG-related research and development, such as low-carbon products and services, 

may reflect higher future cash flows and lower capital costs. Furthermore, a shift to ESG may 

lead to cost-efficiencies in production and yield public policy benefits. The research report also 

suggests that ESG companies could be less sensitive to changes in fossil fuel prices and thus 

more resilient compared to competitors. The OECD report also cites several examples of how 

ESG considerations may negatively affect the firm value: adapting to climate risks could result 

in higher operating costs, increases in carbon pricing may lead to reduced demand and asset 

write-downs, or reputational risks leading to decreased revenues and access to capital. 

 

2.4 Hypotheses  
 

The existing literature has presented evidence that higher ESG performance may increase firm 

value indirectly through stakeholder relations, risk mitigation, cost of capital, and corporate 

financial performance. There is also evidence of a direct positive link between ESG and 

acquisition price (Li et al., 2021). However, some studies have presented mixed findings, 

suggesting that ESG is inversely related to firm value creation (Tampakoudis et al., 2021; 

OECD, 2021). The contradictory findings provide further motivation to investigate the ESG 

and firm value relation. 
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The past findings suggest that ESG has the potential to significantly contribute to the valuation 

and decision-making processes of M&A transactions. Based on the existing literature and to 

answer the main research question of this study (Q1): “Does a company’s ESG performance 

impact its transaction price in an M&A transaction?” the first hypothesis (H1) is formulated 

as follows: 

 

H1: U.S target companies with higher overall ESG performance will be priced higher in 

acquisitions 

 

Throughout the literature review, it was possible to identify positive impacts between firm 

value and the individual ESG dimensions: environmental, social, and governance. For instance, 

higher social performance may improve a firm value through friendly relations with suppliers, 

workers, and stakeholders (Henisz et.al, 2014; Freeman et.al, 2004). Companies with good 

corporate governance may enhance the company value with transparent policies and practices 

(Piechocka-Kaluzna et al. (2021). Higher environmental performance may positively impact 

firm value by reducing reputational risks or lowering credit ratings (Inderst and Stewart, 2018; 

Ahmad et al., 2021). Based on the existing literature and to answer the research sub-question 

(Q2): How do the company’s dimensional ESG performance factors: environmental, social, 

and governance, impact its transaction price in an M&A transaction?” hypotheses two (H2), 

three (H3), and four (H4) are formulated as follows: 

 

H2: U.S target companies with higher environmental performance will be priced higher in 

acquisitions 

 

H3: U.S target companies with higher social performance will be priced higher in acquisitions 

 

H4: U.S target companies with higher governance performance will be priced higher in 

acquisitions 

 

The following section discusses the background of M&A, its incentives, the drivers behind 

company value creation, and how valuation methods are applied to M&A transactions. 
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3. M&A Background 

 

The global volume of mergers and acquisitions (M&A) has increased in recent years. For 

example, global M&A transactions activity grew to a record US$5.9 trillion in the year 2021 

and was up 64 percent from the year 2020 (US$3.6 trillion). The total number of transactions 

increased to 63,000, an increase of 24% compared to 2020 (48,000). The growth in transactions 

is distributed globally. The highest growth has been in the U.S, representing an 82% increase 

compared to the previous year.(Refinitiv, 2021)  

 

Moschieri and Campa (2009) explain that historically M&A has been predominantly a strategy 

utilized by U.S and Western European companies. However, they state that M&A has become 

increasingly common in other regions of the world, notably in cross-border transactions. M&A 

is a general term for the purchase, sale, or combination of companies and assets (Rosenbaum 

and Pearl, 2020). Immonen (2018) explains further that M&A is commonly used in a broad 

sense to cover both legal activities (mergers), which is a narrower concept, and acquisitions.  

 

The different modes of M&A transactions can either be a merger, amalgamation, or acquisition. 

Amalgamation occurs when two same-sized firms combine their businesses by forming a new 

firm (Pautler, 2001). The terms mergers and acquisitions are often used interchangeably, yet 

they differ in meaning. According to Sherman and Hart (2006), a merger can be defined as a 

combination of two or more existing companies unite and form a new company. They explain 

that acquisition is the process of purchasing most or all another company's shares to obtain 

control of the company. In other words, it is the process of transferring a company's business 

to another company, and the target company ceases to exist (Pautler, 2001). The acquiring 

company may be a significantly different organization after the acquisition; however, it will 

retain its original identity (Sherman and Hart (2006). Alternatively, the acquisition process can 

be conducted by acquiring the company's management by buying a controlling stake in the 

company. Sherman and Hart (2006) explain that for listed companies the process is carried out 

by making an offer for the target company's outstanding shares. They note that the process is 

also referred to as "takeover" given the nature of the transaction, it can be either friendly or 

unfriendly. 
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M&A strategies can be classified and structured in several different ways. Rosenbaum and 

Pearl, 2020 explain that the most common methods are horizontal integration, vertical 

integration, and conglomeration. They define horizontal integration as a process of acquiring a 

company that operates at the same level of the value chain as the acquirer. While vertical 

integration results when a company expands either up or down the supply chain by taking direct 

ownership of the different stages of the production process instead of relying on external 

subcontractors or suppliers (Vishwanath, 2007). Vishwanath (2007) describes the 

conglomeration as a process where relatively different and unrelated companies are combined 

to form a single portfolio of companies under single management. 

 

In summary, a merger is a process of combining the assets of two or more previously 

independent companies into a new legal company, whereas in an acquisition, the control of 

assets is transferred from one company to another, and the acquired company ceases to exist 

as a separate entity (Ghauri and Buckley, 2003). There are various sub-categories and strategies 

for executing M&A transactions. However, a discussion of these topics is beyond the purposes 

of this study. For this study, the term "acquisition" is used to cover both a merger and an 

acquisition in the same context.  

 

3.1 Motivation for M&A Transactions 
 

M&A is commonly a tool to unlock economic gain for a company, although the motives and 

objectives of a transaction may vary widely. Businesses seek to expand into new markets or 

grow and improve profitability by acquiring competitors, subcontractors, and customer 

companies (Katramo et al. 2013). In some situations, an acquisition may be a more effective 

strategy to address a company’s deficiencies (e.g., technology) than building departments 

internally (Sherman and Hart, 2006).  

 

According to (Vishwanath, 2007), economies of scale and synergies are the most cited reasons 

for M&A transactions activity. He explains that the synergistic effects may result from 

financial, revenue, and cost efficiencies. Other objectives may include expanding the existing 

product range, diversification, and risk reduction (Sherman and Hart, 2006). However, Venema 

(2015) explains that a large percentage of acquisitions fail to produce the expected results and 

meet the buyer's expectations of value. Therefore, acquisition strategies and company 

evaluations should be carefully designed and executed. 
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The process of purchasing a company goes through a variety of interlinked stages including 

strategy formulation, identification, screening of candidates, evaluation, negotiation, financing, 

and execution (Weaver, Harris, Bielinski, and MacKenzie, 1991). Selling a business can be 

referred to as a divestment, and the methods of analysis are usually the same as for purchase 

(Rosenbaum and Pearl 2020). According to Sherman and Hart (2006), the decision to sell or 

buy a company is equally important, although the sell-side process does not require the same 

amount of resources. They explain that the motives for selling a company may include 

retirement, risk reduction, management problems, or undercapitalization, as taking the business 

to a higher stage may require a significant infusion of capital, which the existing owners may 

not have. Vishwanath (2007) further notes that the rationale behind the selling decision may 

advance from weak growth outlooks, tax benefits, consolidation in the industry, or simply, the 

business could be more valuable to some other company. 

 

3.2 Firm Value Drivers and Analysis 
 

Understanding what an asset is worth and what determines its value is a prerequisite for 

informed decision-making – when selecting investments for a portfolio, assessing the optimal 

price to pay or receive in an acquisition, or making financing decisions when managing a 

company (Damodaran, 2006). Value creation has an economic basis, derived from the business 

strategy, following a framework of a specific business mission (Vernimmen, 2014). 

 

Firm value drivers are illustrated in Figure 1. The chosen valuation method for the company 

valuation determines the necessary inputs for the valuation analysis process. In turn, 

determining the value for inputs requires assumptions and projections. These assumptions and 

projections are based on detailed calculations and professional judgment and expertise. The 

forecasts are principally based on an analysis of the company's business environment, financial 

performance, and position in the market. The objective is to develop an understanding of how 

a company's business environment and strategy impact its financial performance, profitability, 

growth, risks, and ultimately the firm value. (Seppänen 2017) 
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Figure 1. Company value drivers. (Seppänen, 2017; Katramo et al., 2013) 

 

The due diligence framework can be supported by an operational due diligence analysis. The 

process considers impacts from people and organization, IT and systems, costs, scalability, 

opportunities, and risks (Porsgaard, Haubjerg, and Hansen, 2018). Due diligence is not only an 

analytical process, but a "reality check" to examine whether the elements of a transaction that 

seem attractive to both parties are factual or not (Sherman and Hart, 2006). The financing 

structure for an acquisition is determined primarily by the target company's capital structure, 

asset base, and cash-generating capacity (Katramo et al., 2013). However, the financing 

structures vary as each transaction is unique. In general, the financing options can be divided 

into cash, equity, debt, or a combination of the three (Sherman and Hart, 2006).  

 

While many factors influence the implementation of M&A transactions, the deal price is the 

fundamental determinant for M&A willingness and activity (Li et al., 2021). The valuation is 

based on the principle that assets can be valued fairly, and the same principles apply to different 

types of assets (Damodaran, 2006). According to Katramo et al. (2013), the objective of a 

modern business valuation is to determine the value of a company based on its financial 

condition and its expected future performance. 
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The valuation answers the buyer's question regarding the price at which the buyer can achieve 

economic benefits without overpaying the asset (Seppänen, 2017). Acquisitions are an effective 

way to increase firm value, or conversely, destroy shareholder value (Katramo et al., 2013). 

Therefore, valuation is an essential part of the acquisition process to evaluate the risk-adjusted 

price for a company. Mazzariol and Thomas (2016) notes that if there are disparities in an 

asset's valuation, the valuation model attempts to explain the reasons and determine the correct 

method for a given task. However, the methods are usually utilized in conjunction because they 

approach valuation from different perspectives, albeit with varying degrees of overlap 

(Rosenbaum and Pearl, 2020). In addition, employing various valuation methods improves the 

reliability of the projections (Katramo et al., 2013). The common feature is that they all measure 

the value of an asset based on quantitative factors (Mazzariol and Thomas, 2016). Seppänen 

(2017) explains that the actual price is determined by what companies are willing to pay, the 

market price. He mentions that valuation methods reflect how the market has priced similar 

companies in the past. After all, the market defines price and valuation. The author notes that 

both the buyer and seller utilize these methods to determine whether their perception of value 

will likely conflict with the other party's perception of value. 

 

3.3 M&A Valuation  
 

The most utilized valuation methods in the context of M&A are discounted cash flow analysis, 

comparable company analysis, and recent transaction analysis (Rosenbaum and Pearl, 2020). 

According to Katramo et al. (2013), the methods can be divided broadly into two categories: 

valuation models and the use of multiples. They explain further that valuation models as 

discounted cash flow (DCF) analysis are income-based approaches, whereas analysis of 

comparable companies and recent transactions are generally market-based.  

 

The DCF analysis is based on the principle that the firm value can be derived from the present 

value of its projected free cash flow (FCF) (Rosenbaum and Pearl, 2020). FCF is the cash flow 

available to all investors in the company after considering taxes, capital expenditure, and 

working capital investments (Vishwanath, 2007). Vishwanath (2007) notes that the DCF 

method is widely used to value companies since companies are essentially collections of 

projects. He explains that there is a direct link between firm value and cash flows: the value of 

a firm is equal to the present value of future cash flows. The DCF valuation implies that the 
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acquirer will own the cash flows created by the continuous operations of the target company 

(Sherman and Hart, 2006).  

 

Free cash flows can be assessed for just equity investors (free cash flow to equity or FCFE) or 

all capital providers (free cash flows to firm or FCFF). Table 1 shows the formulas for 

calculating FCFF and FCFE. The FCFF formula is assessed from net operating profit after 

taxes (NOPAT), while the FCFE formula is estimated from net income. Depreciation and 

amortization (D&A) are added to the formulas considering that they are non-cash expenses. 

Capital expenditures (Capex) are deducted from the calculation. Lastly, a change in working 

capital (NWC) is netted out. The FCFF method excludes cash flows from debt because it 

considers cash flow available for all capital rather than exclusively to equity. (Damodaran, 

2011) 

 

Table 1. FCFF and FCFE formulas. (Damodaran, 2011) 

Net operating profit after taxes (NOPAT)  Net income 

+ Depreciation and amortization (D&A)  + Depreciation and amortization (D&A) 

- Capital expenditures (Capex)  - Capital expenditures (Capex) 

-/+ Change in working capital (NWC)  +/ Change in working capital (NWC) 

   - Net debt  

= Free cash flow to firm (FCFF)  = Free cash flow to equity (FCFE) 

 

Rosenbaum and Pearl (2020) explain that free cash flows are usually projected for a period of 

five years, depending on the industry and the stage of the firm. After the projection, they are 

discounted into present value with an appropriate discount rate depending on how the capital 

structure is considered. The discount rate is calculated by utilizing the capital asset pricing 

model (CAPM) or the weighted average cost of capital (WACC) (Hassan and Ghauri, 2014). 

(Hassan and Ghauri (2014) explains that WACC considers both cost of equity and debt, it is 

the average cost of capital weighted by the firm's equity to debt ratio, whereas cost of equity 

considers only equity. The FCFF method utilizes the weighted average cost of capital1 as a 

discount rate, while FCFE approach discounts cash flows with the cost of equity2 (Seppänen, 

2017). The discount rate reflects the riskiness of the expected cash flows (Vishwanath, 2007). 

 
1  WACC = Cost of equity * %Equity + Cost of debt * %Debt * (1-Tax-rate). The  (Seppänen, 2017) 
2 Cost of equity = Risk-free rate + Beta of asseti (Risk premium for average risk-asset) (Damodaran, 2011) 
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According to Damodaran (2011), the formula for FCF with expected sustained extraordinary 

growth can be formed as follows: 

 

(1) 𝐹𝑖𝑟𝑚 𝑉𝑎𝑙𝑢𝑒 =  ∑
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑡

(1 + 𝑟)𝑡

𝑛

𝑡=1

+
𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑛

(1 + 𝑟)𝑛  

 

where (1) r is the discount rate, n is the terminal year of the projection period, and t is the year 

of the projection period, Expected cash flow is the cash flow expected to be received in the 

future, Terminal value is company's value that is generated by cash flows after the forecast 

period continuing for an indefinite period.  

 

Two commonly accepted methods for determining the terminal value are (2) perpetual growth, 

which assumes that the free cash flow will grow indefinitely at a constant rate, and (3) exit 

multiple, where the value of the company is calculated based on the current public market 

values of comparable companies (Sherman and Hart, 2006). Rosenbaum and Pearl, (2020) 

present the formulas for calculating the terminal value utilizing perpetuity growth (2) and exit 

multiple (3) as follows: 

 

(2) 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 =  
𝐸𝐶𝐹𝑛 × (1 + 𝑔)

(𝑟 − 𝑔)
 

 

where (2) ECF is the expected cash flow, n is the terminal year of the projection period, g is 

the growth rate, and r is the discount rate.  

 

(3) 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 = (𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑚𝑒𝑡𝑟𝑖𝑐𝑛  ×  𝐸𝑥𝑖𝑡 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒) 

 

where (3) Financial metric is a company’s terminal year financial metric (e.g., earnings before 

interest and taxes), exit multiple is a multiple derived from an existing valuation of a 

comparable company (e.g., EV/EBIT3), and n is the terminal year of the projection.  

 

 
3 EV/EBIT describes the relationship between the enterprise value (EV) and earnings before interest and taxes 

(EBIT). Enterprise Value (EV) is a measure of a company’s total value. EV = Equity Value + Total Debt + 

Preferred Stock+ Non-Controlling Interest – Cash and Cash Equivalents. (Seppänen, 2017) 
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The discounted cash flow approach has the advantage of quantifying the assumptions and 

forecasts that are often implicit for both the buyer and seller. It is a fundamental approach; the 

objective is to value the company based on its fair value, thus independent from market 

conditions (Vernimmen, 2014). However, it is sensitive to assumptions, and the terminal value 

has significant weight: a minor change in the inputs, e.g., the discount rate, can change the 

output considerably (Rosenbaum and Pearl, 2020). Moreover, the method assumes that the 

company capital structure is constant, although the capital structure usually changes throughout 

time (Seppänen, 2017). 

 

Market-based approaches are relative methods that measure the value of a target company to 

its peers. In other words, it is based on the premise that a similar company provides a 

benchmark for valuing a particular company, given that the comparable companies have similar 

key financial characteristics, performance factors, and risks (Seppänen, 2017). According to 

the market theory, publicly traded companies are valued “fairly” by considering all available 

information (Sherman and Hart, 2006). Thus, any publicly listed company similar to the target 

company can be valued using similar measures. 

 

 The valuation multiples can be derived from multiples of publicly quoted comparable 

companies, realized transactions, and return requirements (Katramo et al., 2013). Seppänen 

(2017) explains that the commonly used multiples EV/Sales, EV/EBITDA, EV/EBIT, P/E, and 

P/B, are calculated as the ratio of sales, net operating profit (EBITDA), earnings (EBIT), 

earnings per share (E), or book value (B) to the enterprise value (EV), or share price (P). He 

highlights that the multiples should be chosen according to the objectives and purpose of the 

valuation, as the pricing indication varies. 

 

According to Rosenbaum and Pearl (2020), the most commonly used metrics to measure a 

firm's capacity to generate returns for its capital providers are return on investment (ROIC), 

return on equity (ROE) and return on assets (ROA).The risk profile can be assessed by leverage 

ratio, which refers to the firm’s debt level and reflects the company’s position in terms of 

financial decisions, risk-taking and growth capacity (Damodaran, 2006). 

 

The comparator method requires that the comparable companies are similar as possible to the 

target company. Seppänen (2017) explains that theoretically, the factors affecting the 

company's future value should be identical. However, in practice, firms differ in at least some 
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of their characteristics. Rosenbaum and Pearl (2020) note that the market trading levels can be 

prone to irrational investor periods, that distort valuations either too high or too low or result 

in a disconnect from the valuation determined by a firm's projected cash flow generation. 

Moreover, the authors argue that the valuation based on comparable companies may fail to 

assess the strengths, weaknesses, opportunities, and risks specific to the target. 

 

There is a relatively broad consensus among scholars that the fundamental value of a company 

is primarily determined by its current assets and future cash flows. However, the price paid for 

a company can exceed its present value. According to Vishwanath (2007), this is usually a 

result of a cost attached to an acquisition. He explains that it is the price premium paid above 

the market value plus integration costs. The average premium paid over the years has varied 

between 40% and 50% (Laamanen, 2007). Mazzariol and Thomas (2016) note that the 

valuation methods are unable to incorporate the value that drives the pricing of the premium. 

They further explain that the premium may relate to intangible items excluded from the 

valuation process. Other costs may include non-compete clauses, employment contracts, 

consultancy agreements, or whether the transaction price is based on the articles of association 

(Seppänen, 2017). However, the premium paid should not exceed the potential synergies for 

the transaction to generate a positive return (Sirower and Sahni, 2006). 
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4. Methodology and Data 

 

The concepts presented in the theory section are utilized in the methodology section. This study 

takes a quantitative approach by employing firm-level financial and ESG data, which is 

analyzed numerically using Stata 17.0 and Excel software. This study employs three multiple 

regression models to address the research questions of this study.  

 

4.1 Sample 

 

The sample consists of completed acquisitions in the U.S between 2010 and 2019. After 

applying the limitations criteria and cleaning the data, the total sample size used in this study 

is 184 acquisitions. The data is collected from the Refinitiv Eikon database. The following 

limitations criteria were applied: 

1. The sample period is limited to the years 2010 to 2019. There is evidence that ESG 

activities negatively affect the company’s shareholder value during unexpected shocks 

(e.g., COVID-19) in the market (Tampakoudis et al., 2021).  

2. The size of transactions is limited to a minimum of $10 million to avoid small deals 

and address size bias (Ahmad et al. 2021) 

3. The acquirer controls less than 50% of the targets’ outstanding shares before the 

acquisition announcement and will control 100% of the target’s shares upon acquisition 

completion. Otherwise, the transactions are unequal sized and less comparable (Cheng, 

Li, Tong, 2016). 

4. Acquiror and the target are both located in the U.S to enhance comparability. ESG 

issues are emphasized in developed regions, and they benefit from extensive resources, 

a relatively stronger growth environment, and a stronger sense of social responsibility 

(Li et al., 2021; Gillan et al., 2021). Consequently, developed regions tend to receive 

higher ESG scores and acquisition premiums than less developed regions. 

5. Deal type is a completed acquisition, and the deal value is disclosed. 

6. The target company is a public company. 

7. Companies with full ESG and financial data available are included. 
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4.2. Research Variables 

The Refinitiv Eikon database records ESG data annually. Therefore, both the ESG and financial 

data are applied on an annual basis. All the variables are characteristic of the target company. 

For a more detailed calculation of the variables, see Appendix 1. 

4.2.1 Dependent Variable 

 

This study will use the deal value, which is the transaction price paid by the acquirer, to proxy 

acquisition price as a dependent variable. A similar use of a dependent variable has been 

applied in previous literature (Li et al., 2021). Some scholars use Tobin’s q to proxy firm value 

(Cheng et al., 2016; Gao, Zhang, 2015; Albuquerque et al., 2019). However, Tobin's q fails to 

capture the full extent of the acquisition price, i.e., what was actually paid by the acquirer. 

 

4.2.2 Independent Variables 

 

Considering the multidimensional nature of ESG, the ESG score is a commonly used proxy for 

ESG performance. ESG score is considered to overcome the complexity of measuring 

corporate sustainability, therefore widely used in the ESG and M&A literature (Ahmad et al., 

2021; Piechocka-Kaluzna et al., 2021; Gao, Zhang, 2015; Tampakoudis et al., 2021; 

Albuquerque et al., 2019). This study will stay consistent with the literature and uses ESG score 

to proxy ESG performance. The independent variables are the overall ESG score, 

environmental score, social score, and governance score.  

 

Refinitiv Eikon ESG score measures a company's ESG performance based on publicly 

available reported data. The ESG data is updated once a year following companies' ESG 

reporting. The database calculates over 500 company-level ESG measures, organized into ten 

categories, within three dimensions: environmental pillar score, social performance pillar 

score, and governance pillar score with varying weights (Refinitv, 2021). A broader overview 

of the subcategories and weightings are shown in Appendix 2. The overall ESG score is the 

relative sum of the weights of the categories and is further normalized into percentages ranging 

from 0 to 100. 
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4.2.3 Control Variables 

 

Following the acquisition (M&A) literature, this study will control for firm characteristics and 

deal variables that have power in explaining acquisition price. Company size is proxied by total 

assets (Cheng et al., 2016). Researchers usually measure the M&A premium as the difference 

between the target company’s share price prior to the announcement of the transaction and the 

announcement day share price (e.g., one week before the announcement of the acquisition) (Li 

et al., 2021). This study uses premium to control the acquisition price. As such, the premium 

includes the value of anticipated synergies and other costs related to the acquisition, explained 

in the M&A background section. Company risk is proxied by leverage ratio calculated by 

dividing total liabilities with total assets (Cheng et al., 2016; Li et al., 2021). 

As the DCF model is one of the most widely used valuation methods for valuing M&A 

transactions and is based on intrinsic value, all elements of the FCFF formula are included. The 

control variables are NOPAT, depreciation & amortization, capex and change in net working 

capital. FCFF is the only discountable component in the regression model to avoid collinearity. 

To proxy company’s profitability and the ability to provide earnings to its capital providers, 

this study will use net income over shareholder’s equity (ROE) as a control variable (Li et al., 

2021). It is a frequently used indicator for asset efficiency of a business and suited for 

comparison between companies in different industries (Rosenbaum and Pearl, 2020). ROE 

captures the equity earnings efficiency of a company after excluding the FCFE method.  

 

The control variables are total assets (Size), depreciation and amortization (D&A), change in 

net working capital (NWC), total liabilities to total assets (Leverage), return to equity (ROE), 

and stock offer price to target closing stock price 1 week prior to the announcement of 

transaction (Premium). 

 

4.3 Linear Regression  

A linear regression model with more than one independent variable is described as a multiple 

linear regression model. It is frequently used to analyze the relationship between one 

dependent variable and several independent variables (Hill et al. 2011). According to Das 

(2019), the multiple regression model in linear form can be presented as follows: 
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𝑌i= 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽n 𝑋n + εi 

 

where Yi is dependent variable, the parameter β0 is the constant term and the intercept of the 

model, β1-n coefficient describing the explanatory variables X1-k. For example, the parameter 

β2 describes the magnitude and direction of the change in the explanatory variable Yi caused 

by the variable X1, with all other variables held constant. ε is the error term (residual) it is the 

unexplained part of the model, which represents the factors that influence the dependent 

variable that have been omitted from the model.  

Hill et al. (2011) highlight that when interpreting the multiple linear regression results, it is 

necessary to ensure that the underlying assumptions of the linear regression model are valid. 

Otherwise, estimated model coefficients are biased, or their standard errors are wrong or 

unreliable. They present the underlying assumptions as follows: 

 

1. The value of y, for each value of x, is  y = β1 +β2x2 +β3x3 + βnxn + ε (Linear in 

parameters) 

2. The expected value of the random error ε is E(ε) = 0, because it is assumed that E(y) = 

β1 +β2x2 +β3x3 + βnxn (No endogeneity) 

3. The variance of the random error e is constant: 𝑣𝑎𝑟(𝑒) = 𝜎2 = 𝑣𝑎𝑟(y) 

(Homoskedasticity) 

4. The covariance of any pair of random errors is zero: cov(εi, εj) = cov(yi, yj) = 0 (No 

autocorrelation) 

5. The explanatory variables are not random numbers and not linearly related to each other 

(No multicollinearity) 

6. Residuals follow a normal distribution if y follows a normal distribution and vice versa 

(Not a necessary assumption) 

The validity of the underlying regression assumptions for the regression models used in this 

study is analyzed in the regression diagnostics section. 

 

4.4 Regression Model 

To empirically test the hypotheses and achieve the objectives of this study, three regression 

models are formulated: (1) acquisition price is explained by the overall ESG score and a set of 
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control variables, (2) acquisition price is explained by individual ESG factors, environmental 

score, social score, governance score, and a set of control variables, and (3) acquisition price 

is explained by control variables. This study applies a natural log transform for the dependent 

variable and a subset of explanatory variables. Therefore, the regression models used in the 

study are log-log regressions. I discuss this in more detail in the descriptive statistics section. 

The models are constructed as follows: 

 

(1): ln(Pricei) = β0 + β1ln(esg_scorei) + β2Controli + εi 

(2) ln(Pricei) = β0 + β1ln(env_scorei,) + β2 ln(soc_scorei) + β3 ln(gov_scorei) + β4Controli + εi 

(3) ln(Pricei) = β0 + β1Controli + εi 

where α is the coefficient (intercept), βn is the regression coefficient (slope), ln(Pricei) is the 

log of acquisition price, ln(esg_scorei) is the log of ESG score, ln(env_scorei,) is the log of 

environmental score, ln(soc_scorei) is the log of social score, ln(gov_Scorei) is the log of 

governance score. Controli is a bundle of control variables including log total assets (size), log 

of net operating profit after taxes (NOPAT), log of capital expenditures (Capex), log of 

depreciation and amortization (D&A), log of change in net working capital (NWC), net income 

over total assets (ROA), ratio of total liabilities over total assets (Leverage), stock offer price 

over price prior to the transaction (Premium), and εi is the error term. In all three models, the 

regression coefficient of the control variable Controli is the set of all coefficients for the control 

variables. 

 

The first model is constructed to achieve an understanding of the overall ESG effect on the 

acquisition price, the second model illustrates the individual impacts of ESG, and the third 

model to establish a correlation or causation between the variables of interest, and to ensure 

that the results are solely caused by the variables of interest. 
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5. Research Results  

 

This section proceeds from an examination of the descriptive statistics to an analysis of the 

regression results. The final section discusses the validity of the underlying regression 

assumptions. All hypotheses used to test the significance of the various test coefficients and 

regression parameters were tested at the 5% significance level. 

 

5.1 Descriptive Statistics 

The variable descriptive statistics number of observations, mean, median, standard deviation, 

minimum value, and maximum are displayed in Table 2. Of the major variables, the acquisition 

price has a relatively high standard deviation (volatility) of $17,59 billion, the average 

acquisition price is $11,13 billion, and the median is $4.42 billion. The statistics show that 

purchase prices are skewed to the right, as the mean is greater than the median. Moreover, the 

prices are spread out widely, with most of the deals being small to medium-sized, with a few 

significant-sized deals. The mean ESG performance score of 37.34 and median score of 33.26 

are relatively close together, with a maximum score of 79.95. This indicates that most 

companies have relatively extensively incorporated the ESG factors into their businesses. 

 

Environmental score has a relatively low mean (28,76) and high volatility (22,99), suggesting 

that the environmental performance of firms in the U.S. M&A market is relatively low and 

scattered compared to social and governance factors. Environmental integration, e.g., green 

innovation, reallocation of resources, and emission reductions, can be relatively expensive and 

difficult to implement compared to other ESG dimensions. In addition, the nature of the 

industries varies widely; Companies operating in the energy, mining, and energy-related 

industries emit significant greenhouse gas emissions and thus, more sensitive to ESG metrics. 

Industry regulation may also be an explanatory factor, as the sample used in this study includes 

both highly and loosely regulated industries
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Table 2. Variable descriptive statistics 

Variable  Obs  Mean Median  Std. Dev.  Min  Max 

 Price 184 11127.71 4416.80 17590.34 42.61 86831.16 

 esg score 184 37.34 33.26 17.06 6.79 79.75 

 env score 184 28.76 21.14 22.99 .36 93.13 

 soc score 184 39.1 36.63 18.75 4.19 93.84 

 gov score 184 44.13 45.82 22.29 3.41 91.97 

 Size 184 11092.35 4475.7 21282.99 185.25 215543 

 NOPAT 184 606.16 241.26 1045.53 -651.12 6477.7 

 DA 184 353.77 141.55 893.43 .2 8580 

 Capex 184 377.69 130.09 985.4 .02 10780 

 NWC 184 184.16 60.26 1345.26 -8706.1 9603.35 

 ROE 184 10.14 9.11 27.18 -85.38 158.32 

 Leverage 184 .64 .64 .26 .13 2.12 

 Premium 184 26.92 22.99 28.14 -50.71 243.75 

 

This table presents the descriptive statistics of the variables before log-transform from 184 observations with 

vintage 2010 - 2019. The variables are presented in $millions excluding ROE, Leverage and Premium. Leverage 

variable is presented as a ratio, ROE and Premium in percentages.  

The mean (44.13) and median (45.82) of governance scores are near each other, indicating that 

governance scores are distributed relatively symmetrically within firms. The symmetric 

distribution can explain that governance is the primary dimension to be implemented, e.g., 

business ethics, quality of management, shareholder rights, and then extended to concern other 

ESG issues. Governance provides the fundamental basis and framework for ESG integration, 

overseeing the implementation and execution of the company's ESG strategies. The control 

variable size and variables based on the FCFF formula are skewed to the right as the variable 

means are above the median. The skewness of the FCFF variables is likely explained by their 

dependence on firm size, as size and transaction price are skewed to the right and strongly 

correlated (0.715) seen from the variable correlation matrix in Table 3. 

 

The linear relationship between the dependent and explanatory variables can be visually 

examined using scatter plots, displayed in Appendix 5. The graphs indicate that the variable 

relationships do not seem linear. A visual examination of the variable distribution histograms 

reveals that some of the variables follow a non-normal distribution seen in Appendix 3. To 

mitigate skewness and achieve a more linear relationship, a log transformation is applied for 

the variables price, ESG scores, size, NOPAT, DA, Capex, and NWC. After logarithm use, the 

distribution and linearity of the variables seem to have improved, as shown in Appendix 4 and 
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Appendix 6. However, a few outliers can be observed, i.e., observed values that are unusually 

far from most observations, especially for the variables ROE, Leverage, and Premium. 

 

The correlations between the variables are shown in the correlation matrix in Table 3. There is 

significant positive correlation between the dependent variable price and the independent ESG 

variables esg_score (0.474; p<0.05), env_score (0.336; p<0.05), soc_score (.403; p<0.05) and 

gov_score (0.258; p<0.05), respectively. The correlation table also shows that some of the 

control variables size (0.715; p<0.05), NOPAT (0.808; p<0.05), Capex (0.598; p<0.05), DA 

(0.709; p<0.05), and NWC (0.619; p<0.05) strongly and significantly correlate with the 

acquisition price. Moreover, some of the explanatory variables have high and significant 

positive correlations with each other, notably size and NOPAT (0.747; p<0.05), DA and 

NOPAT (0.721; p<0.05), and DA and Capex (0.855; p<0.05). As a result, the regression models 

constructed in this study are subject to multicollinearity. This may result from a causal 

relationship between the variables: An increase in the size of a business is associated with an 

increase in depreciation, earnings, and capital expenditures. In addition, some of the variables 

are included in the FCFF formula, explaining the high correlation. The multicollinearity issue 

is addressed further in the regression diagnostics section.
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Table 3. Variable correlation matrix. 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

(1) ln(Price) 1.000             

              

(2) ln(esg_score) 0.474*** 1.000            

 (0.000)             

(3) ln(env_score) 0.336*** 0.673*** 1.000           

 (0.000) (0.000)            

(4) ln(soc_score) 0.403*** 0.824*** 0.485*** 1.000          

 (0.000) (0.000) (0.000)           

(5) ln(gov_score) 0.258*** 0.661*** 0.310*** 0.254*** 1.000         

 (0.000) (0.000) (0.000) (0.000)          

(6) ln(Size) 0.715*** 0.396*** 0.384*** 0.329*** 0.248*** 1.000        

 (0.000) (0.000) (0.000) (0.000) (0.001)         

(7) ln(NOPAT) 0.808*** 0.471*** 0.388*** 0.372*** 0.260*** 0.747*** 1.000       

 (0.000) (0.000) (0.000) (0.000) (0.001) (0.000)        

(8) ln(Capex) 0.598*** 0.415*** 0.278*** 0.245*** 0.342*** 0.526*** 0.633*** 1.000      

 (0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000)       

(9) ln(DA) 0.709*** 0.497*** 0.326*** 0.352*** 0.345*** 0.661*** 0.721*** 0.855*** 1.000     

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)      

(10) ln(NWC) 0.619*** 0.275*** 0.279*** 0.199** 0.150* 0.636*** 0.692*** 0.531*** 0.574*** 1.000    

 (0.000) (0.001) (0.001) (0.023) (0.087) (0.000) (0.000) (0.000) (0.000)     

(11) ROE -0.005 0.138* 0.094 0.112 0.092 -0.052 0.143* -0.028 -0.050 0.057 1.000   

 (0.949) (0.062) (0.202) (0.130) (0.213) (0.484) (0.062) (0.705) (0.503) (0.520)    

(12) Leverage -0.068 0.078 0.134* 0.083 0.057 0.242*** 0.089 0.020 0.058 0.052 0.061 1.000  

 (0.358) (0.294) (0.071) (0.263) (0.443) (0.001) (0.247) (0.786) (0.431) (0.552) (0.412)   

(13) Premium 0.116 0.109 0.081 0.098 0.045 -0.003 -0.013 0.143* 0.139* 0.008 -0.134* -0.061 1.000 

 (0.116) (0.140) (0.275) (0.185) (0.541) (0.963) (0.867) (0.052) (0.059) (0.930) (0.071) (0.407)  

 

Table presents correlations among the variables based on Pearson’s correlation coefficient. The first value of the variable refers to the correlation coefficient. The second value in 

parenthesis refers to p-value. The ln suffix refers to the natural logarithm of the variable. *, **, and *** indicate significance at 10%, 5% and, 1% levels, respectively. 
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5.2 Empirical Results 

 

The regression results for multiple regression models are reported in Table 4. Model 1 

examines the relationship between the acquisition price and the overall ESG performance and 

tests the first hypothesis (H1). Model 2 tests the relationship between the acquisition price and 

the individual ESG factors and hypotheses two (H2), three (H3), and four (H4). Model 3 

isolates the effects of the explanatory variable(s) on the dependent variable. 

 

Overall, the regression models are statistically significant and have consistent adjusted R-

squared values within the range of 0.766 - 778. The first and second regression models are 

statistically significant (0.00; p<0.05) and manage to explain 77.8% (adj. R-squared 0.778) of 

the acquisition price variation. Model three is statistically significant (0.00: p<0.05) and 

explains 76.6% (adj. R-squared 0.766) of the price variation. 

 

In model 1, the ESG performance has a statistically significant and positive (0.362; p<0.05) 

effect on the acquisition price. In the second regression model, social performance has a 

statistically significant and positive (0.327; p<0.05) effect on the acquisition price. However, 

environmental performance and governance performances are non-significant. It is also 

possible to observe that some of the control variables are statistically significant in all three 

models: Size (0.208 – 0.217; p>0.05), NOPAT (0.487 – 0.52; p>0.05), DA (0.211 – 0.253; 

p<0.05), Capex (-0.112 – -0.115; p>0.05), and Leverage (-0.73 -0.761; p>0.05). The coefficient 

signs are as expected for statistically significant explanatory variables in all three models, 

excluding Capex which can be interpreted ambiguously. 

 

The main variables used in the model are logarithmic. Therefore, the coefficient is the 

estimated percent change in the dependent variable for a percent change independent variable 

(Das, 2019). Model 1 suggests that a 1% increase in the target company’s ESG score could 

cause the acquisition price to increase by 0.362%. For social performance in model 2, the 

regression results suggest that a 1% increase in the social score of the target company may lead 

the acquisition price to increase by 0.327%. The regression coefficients of 0.362 (esg_score) 

and 0.327 (soc_score) appear similar between variables.   

 



 36 

Table 4. Regression results 

 Model 

 (1) (2) (3) 

 ln(esg_score) .362***   

   (.132)   

 ln(env_score)  -.051  

    (.065)  

 ln(soc_score)  .327***  

    (.114)  

 ln(gov_score)  .076  

    (.084)  

 ln(Size) .217** .207** .208** 

   (.085) (.085) (.087) 

 ln(Nopat) .487*** .487*** .52*** 

   (.085) (.085) (.087) 

 ln(Capex) -.112* -.115* -.115* 

   (.065) (.066) (.067) 

 ln(DA) .211** .222** .253*** 

   (.093) (.092) (.094) 

 ln(NWC) .032 .042 .023 

   (.048) (.048) (.049) 

 ROE -.003 -.003 -.002 

   (.003) (.003) (.003) 

 Leverage -.761*** -.739*** -.73*** 

   (.229) (.231) (.235) 

 Premium .003 .003 .004 

   (.002) (.002) (.002) 

 _cons 2.523*** 2.471*** 3.489*** 

   (.565) (.568) (.455) 

 Prob > F .000 .000 .000 

 R-squared .794 .797 .781 

 Adj. R-squared  .778 .778 .766 

 Breusch-Pagan test .449 .393 .402 

 Ramsey’s RESET test .562 .738 .389 

 

This table presents regression result for all three models. The first value of the explanatory variable refers to 

the regression coefficient. The second value in parenthesis refers to the standard errors The ln suffix refers to 

the natural logarithm of the variable. *, **, and *** indicate significance at 10%, 5% and, 1% levels, 

respectively. 
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5.3 Discussion  
 

The regression result provides valid support for the first hypothesis (H1) “U.S target companies 

with higher overall ESG performance will be priced higher in acquisitions” and prior research 

on the topic (Li et al., 2021; Gao, Zhang, 2015). The results suggest that acquiring companies 

are likely to pay higher acquisition prices for ESG responsible target companies. 

 

The findings support the third hypothesis (H3): “U.S target companies with higher social 

performance will be priced higher in acquisitions” The results imply that firms that consider 

stakeholder-related social concerns may create organizational resources and are more likely to 

achieve a higher acquisitions price (Henisz et al., 2014; Li et al., 2021; Gillan et al., 2021). 

This may be explained by the fact that social concerns are relatively cost-effective to integrate 

and are mostly policy-related. Friendly relationships with employees, customers, suppliers, and 

stakeholders, and diversity activities can directly impact firms' financial performance and 

positively affect work productivity. Friendly relationships with employees, customers, 

suppliers, and stakeholders and diversity activities can directly impact firms' financial 

performance and positively affect work productivity. These actions can send an instant message 

of social responsibility internally and externally and may make companies more attractive to 

buyers. An emphasis on social issues can attract more talented employees and retain the 

existing talent, thus improving the company's competitive position and its profits. 

 

The second hypothesis (H2) “U.S target companies with higher environmental performance 

will be priced higher in acquisitions” and the fourth hypothesis (H4), “U.S target companies 

with higher governance performance will be priced higher in acquisitions” are rejected. 

Although there is evidence that environmental and governance performance positively affects 

firm value in terms of financial returns, risks, and management (Friede et al., 2015; Huang, 

2021; Inderst, Stewart, 2018). The findings suggest that acquirers may not expect 

environmental and governance factors to contribute to the value creation in acquisitions. 

Firstly, acquirers may find it difficult to assess the value of environmental categories. 

Environmental issues can be relatively expensive and time-consuming to implement, e.g., 

emission reduction (Tampakoudis et al., 2021). A clear basis for considering costs and benefits 

may be lacking, making it challenging to identify the value-adding effects. In addition, 

environmental integration can be associated with greenwashing, i.e., misleadingly appearing 

as an environmental company, making it difficult to assess the weight of the actual 
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contribution. Secondly, the governance initiatives are fundamental to the company. Therefore, 

a minor movement may not lead to a significant change in the company's performance. 

Moreover, since corporate governance initiatives are not necessarily rewarded with improved 

performance, they may not increase the buyer's expectations for the value of the target firm. 

 

5.4 Regression Diagnostics 

Several tests and descriptive analysis are deployed to examine whether the linear regression 

assumptions are met. Model specification is tested with Ramsey’s RESET to determine 

whether they are specified correctly. The test results are shown in the regression results section 

in Table 4. The null hypothesis failed to be rejected, with p-values of 0.562 and 0.738 being 

over the required significance level of 5%, respectively. The test indicates that the model’s 

functional forms are specified correctly and do not suffer from omitted variables. Component 

residual plots graph for models are shown in Appendix 7 and Appendix 8. The graphs model 

the residuals of one explanatory variable against the dependent variable. It can be observed that 

the residuals for ROE, leverage, and premium exhibit non-linearity. However, the Ramsey 

RESET test indicated that the models are specified correctly. 

 

Heteroskedasticity is tested by applying the Breusch-Pagan test, and the test results are shown 

in the regression results of Table 4. The null hypothesis is that the residual variances are all 

equal. The null hypothesis failed to be rejected for both models p-values 0.449 and 0.398 being 

above the 5% significance level, suggesting that the residuals are homoscedastic. Residual 

variances are further examined from Appendix 9, it is desirable to have an even variation, i.e., 

observations evenly spaced on both sides of the zero line through the graph. The variance for 

both models is relatively constant, despite a few outliers.  

 

Das (2019, 144) explains that multicollinearity can be suspected if the regression model is 

significant, whereas the regression coefficients are non-significant. The F-test in Table 4 shows 

that the models are overall significant (0.00; p<F), and the regression coefficients are also 

highly significant. Moreover, high correlation (0.80 – 0.90) between the explanatory variables 

are subject to multicollinearity (Hill et al. 2011). The correlation between variables DA and 

Capex falls within the risk threshold (0.855), as shown in the correlation matrix of Table 3. 

However, high correlation coefficients do not necessarily indicate multicollinearity (Das, 

2019). To examine the correlation and multicollinearity further, Table 5 shows the variance 
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inflation factors for explanatory variables. The tolerance value explains what percentage of the 

variance of an observed variable is explained by other variables in the same model. A tolerance 

value (1/VIF) with less than 0.1 or a VIF value higher than 10 indicates concerns and significant 

multicollinearity (Das, 2019). Among the main variables, in model one, 71% (0.71) of ESG 

variance is not explainable by other variables. For model two, 66% (0.66) environmental, 69% 

(0.69) social, and 82% (0.82) governance variance is unexplained by the other variables in the 

model. The tolerance values for the independent variables are within an acceptable level. 

Problematic values occur only for the control variables, particularly for the variable DA with a 

tolerance value of 13%. Das (2019) argue that if multicollinearity is only moderately present, 

it may not need to be resolved. The conclusion can be drawn that multicollinearity is not a 

major concern in this study.  

Table 5. Variable variance inflation factors (VIF) 

 Model 1 Model 2 

 VIF 1/VIF VIF 1/VIF 

ln(DA) 7.58 .13 7.49 .13 

ln(Capex) 4.93 .20 5.08 .20 

ln(NOPAT) 4.83 .21 4.82 .21 

ln(Size) 3.59 .28 3.60 .28 

ln(WC) 2.11 .47 2.16 .46 

ln(esg_score) 1.41 .71   

Leverage 1.23 .81 1.25 .80 

ROE 1.20 .83 1.21 .83 

Premium 1.10 .91 1.13 .89 

ln(env_score)   1.52 .66 

ln(soc_score)   1.45 .69 

ln(gov_score)   1.22 .82 

Mean VIF 3.11  2.81  

 

The residual distributions are presented in Appendix 10, indicating that the residuals for both 

models are visually relatively normally distributed. The histogram also shows larger negative 

residual values at the tail of the distribution. The residual values can potentially distort the 

acquisition price value given by the model by producing a value higher than the actual value. 

For further analysis, Shapiro-Wilk test is applied. The null hypothesis of both models was 

rejected as the p-values (0.022 and 0.046) fall below the 5% significance level. The test 

indicates that the residuals are not normally distributed. However, this is not a necessary 

assumption for the regression model. 
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Appendix 11 shows the leverage versus squared normalized residuals graphs. The y-axis 

measures the leverage effect, i.e., the extent to which the regression coefficient would change 

if a particular observation were removed from the data. The x-axel is the difference between 

the predicted value and the actual value of an observation. The graphs show some observations 

with high leverage and residual values, which could affect the model coefficients. To address 

the problem, a robust regression is applied for both models to reduce the weight of the 

unwanted variance in the data. As a result, the robust regressions improved the adjusted-R 

coefficient to 81.7% for model (1) and 81.3% for model (2). The results confirm the significant 

positive effect between ESG performance and acquisition price and the positive relationship 

between social performance and acquisition price. The coefficients for explanatory variables 

remained unchanged or were insignificantly confounded.   

 

Furthermore, Adams et al. (2019) argue that the regression modelling assumptions are 

simplifications which do not necessarily correspond to the financial reality. Notably, 

assumptions that the underlying data is normally distributed are problematic in financial 

datasets with unusual (or extreme) observations. They continue that some scholars try to 

achieve normality by changing the characteristics of outliers (e.g., winsorizing or trimming). 

However, highlighting that the risk with these modification methods is that they fundamentally 

transform the data and thus introduce new inferences. The variables used in this study can 

deviate noticeably by obtaining abnormal values, e.g., return to equity and premium being 

negative. Weitzel and Kling (2018) explain that there are negative bid premiums when the 

initial offer is below the pre-publication market price of the asset, and notes that negative 

premiums occur frequently and are not a measurement errors. Therefore, I conclude that the 

outliers are justified to include in the models and report the initial regression results. 

 

In the context of firm valuation, endogeneity problems are usually caused by omitted variables, 

variable measurement errors, or reverse causality, resulting in an inconsistent least squares 

(linear regression) estimator (Barros, Castro, da Silveira, and Bergmann, 2020). In this study, 

a company may pursue to improve its ESG performance before an acquisition, with the 

incentive of a higher purchase price resulting in reverse causality. Therefore, the causality 

flows to the opposite direction; higher company valuation leads to higher ESG performance. 

The variables used in this study are values one year prior to the announcement of the 

acquisition. However, it is possible that companies may act in advance to enhance ESG issues 

to achieve a higher acquisition price if the incentive is to sell the company in the future. 
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6. Limitations 

 

A few limiting factors can be highlighted in this study. The existing literature is limited to 

providing evidence and consistency on how ESG relates to established factors such as valuation 

models and M&A transactions. The ESG impacts are challenging to quantify and not directly 

reflected in companies' financial statements. The company's ESG concerns are based on public 

and non-public information, providing a challenge to quantify the ESG performance factor. 

The measures of how the ESG value is created and shared in the economic process are prone 

to ambiguity. Therefore, the reliability of the results should be critically assessed. The structure 

of economies, markets, and policies change over time, suggesting that previous results may not 

hold for future research. Moreover, impacting ESG decisions are usually made from a forward-

looking perspective and may take years to integrate. 

 

No limitations have been made in terms of industries. ESG regulations can vary widely between 

sectors, and some sectors are significantly more regulated than others, for example, the 

financial sector. The focus on U.S companies may limit the generalizability of the results to 

other markets. The lack of complete company-level ESG data in the data service provider 

Refinitiv Eikon resulted in a relatively small sample, affecting the generalizability of the 

results. The research results can vary widely depending on the ESG data service provider. The 

ESG databases apply different frameworks, measures, indicators, qualitative assessments, and 

sub-category weights (OECD, 2021). Moreover, the ESG score data is mostly based on how a 

good company should function from an ESG perspective, without quantitative measures of how 

value is created (Inderst and Stewart, 2018) This study excluded the acquirer's ESG 

performance from the analysis, which may significantly influence the formation of the 

acquisition price, especially if both parties are high performing ESG companies. 
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7. Conclusion 

 

The purpose of this study was to examine the relationship between ESG performance and 

acquisition price in the U.S. M&A markets between the years 2010 and 2019. The study aims 

to provide evidence to develop an understanding of the value of ESG in M&A transactions by 

addressing the main research question: “Does a company’s ESG performance impact its 

transaction price in an M&A transaction?” The additional objective of this study was to 

examine how the individual ESG factors impact M&A transactions by addressing the research 

sub-question: “How do the company’s dimensional ESG performance factors: environmental, 

social, and governance, impact its transaction price in an M&A transaction?  

 

The existing literature suggests a positive relationship between ESG performance and the 

acquisition price. However, some contradictory study findings have been presented. The main 

findings of this study provide further evidence of a positive relationship between ESG 

performance and M&A transactions: ESG performance has a significant positive effect on the 

acquisition price. The results suggest that acquiring companies are likely to pay higher 

acquisition prices for higher ESG performing target companies. Target companies that have 

extensively integrated ESG issues into their corporate strategy and decision-making are 

potentially credited with higher acquisition prices in the M&A market. 

 

However, the results for individual ESG dimensions were mixed. The social performance 

dimension has a significant positive relationship with the acquisition price, while the 

governance and environmental dimensions were non-significant. The findings imply that 

acquiring companies are likely to pay higher acquisition prices for target companies that 

emphasize social issues. The study suggests that the value of ESG in M&A transactions may 

result from the role of ESG in mitigating information barriers, reputational concerns, and 

company risks and is principally related to activities that are considered beneficial to workers, 

suppliers, customers, stakeholders, and the community. 

 

Two implications can be drawn from limitations for future research. Firstly, extending the 

research from a broad U.S M&A transaction market analysis to examine transactions at a 

sectoral level or by scrutinizing a variety of global M&A markets to provide more robust 
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results. Secondly, further research is required to examine how the acquirer's ESG performance 

impacts the M&A deal.
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APPENDICES 

 

Appendix 1. Variable definitions 

Symbol Name Definition 

Price Acquistion price  Log of the price paid by acquirer, stated in $millions. 

esg_score ESG score Log of ESG score l year prior to the announcement of transaction 

env_score Enviromental score Log of environmental score l year prior to the announcement of transaction 

soc_score Social score Log of social score l year prior to the announcement of transaction 

gov_score Governance score Log of governance score l year prior to the announcement of transaction 

Size Total assets Log of total assets l year prior to the announcement of transaction, stated in 

$millions.  

NOPAT Net operating profit after tax Log of net operating profit after taxes for the most recent fiscal year prior to 

the announcement of the transaction, stated in $millions.  

Capex Capital expenditures Log of capital expenditures (property, plant, and equipment) for the most 

recent fiscal year prior to the announcement, stated in $millions.  

DA Depreciation & amortization Log depreciation & amortization for the most recent fiscal year prior to the 

announcement of the transaction, stated in $millions.  

NWC Net working capital Log of change net working capital (accounts receivable, inventory, and 

accounts payable) for the most recent fiscal year prior to the announcement of 

the transaction, stated in $millions. 

Risk Financial leverage  Ratio of total liabilities to total assets for the most recent fiscal year prior to 

the announcement of the transaction, 

ROE Return to equity  Net income to common equity for the most recent fiscal year prior to the 

announcement of the transaction, stated as percentage.  

Premium M&A Premium Premium of offer price to target closing stock price 1 week prior to the original 

announcement date, expressed as a percentage 
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Appendix 2. Refinitiv Eikon database ESG score definition 

 

 

Appendix 3. Variable histograms 

 

 

Pillar Category Weight Sum of weight 

Envinromental 

Emissions 0.15 

0.44 Resource use 0.15 

Innovation 0.13 

Social 

Community 0.09 

0.31 
Human rights 0.05 

Product responsibility 0.04 

Workforce 0.13 

Corporate Governance 

Shareholders 0.05 

0.26 CSR strategy 0.03 

Management 0.17 

(Refinitv, 2021)    
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Appendix 4. Variable histograms after selected log-transformation 

 

 

Appendix 5. Variable scatter plot graphs 
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Appendix 6. Variable scatter plot graphs after log-transformation 

 

 

Appendix 7. Model 1 component plus residual plots with y-line 
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Appendix 8. Model 2 component plus residual plots with y-line 

 

 

Appendix 9. Residual plot graphs with y-line 
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Appendix 10. Residual distribution and Shapiro-Wilk test 

 

 

Appendix 11. Leverage versus normalized squared residuals plots 
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