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Abstract 
This research examines the relationship between firm-level carbon emissions and financial 
performance among firms listed in the Danish OMXC25 index during the period 2018-2024. 
Over the years, climate change has increased the focus on corporate environmental 
performance as well as other ESG factors. With this, firm-level carbon emissions have 
become an influential factor for investors, regulators, and firms. Despite a growing focus in 
empirical research on ESG and financial performance, the findings remain mixed, with 
studies reporting positive, negative, and/or insignificant relationships. The inconsistency in 
the research areas is often explained by differences in methodology, measurements, 
industries, and geographical contexts. This study sets out to address how these different 
factors can affect financial-environmental analysis by presenting a country-specific case that 
limits variables such as industry characteristics, regulatory pressure and environment. 

The study differs from previous research by focusing on Danish OMXC25, which remains 
relatively underexplored despite Denmark’s sustainability focus and its heavy regulation of 
ESG reporting. The analysis applies a theoretical framework consisting of stakeholder theory, 
legitimacy theory, and neoclassical theory to interpret the relationship between emissions and 
financial performance through differing perspectives. The analysis is based on an unbalanced 
panel dataset consisting of 23 OMXC25 firms and 92 firm-year observations. Carbon 
emissions data, made of Scope 1 and Scope 2 emissions, are collected from Tracenable.com 
and validated through the company's annual and sustainability reports. The financial 
performance is measured using both Return on Assets (ROA) and Tobin’s Q to reflect both 
accounting-based and market-based performance. The study uses panel data regression 
methods, including pooled OLS and fixed effects models with year effects and clustered 
robust standard errors. The fixed effects approach is identified as the best fit for this type of 
study as it controls for unobserved firm-specific heterogeneity as a way to improve the 
reliability of the estimates. The control variables include leverage, firm size, and capital 
intensity.  

The findings indicate a large variation in emissions across the included industries, especially 
due to big fluctuation of the transportation sector, where carbon emissions implicitly equals 
great financial performance. The result suggests that the relationship between carbon 
emissions and financial performance is complex and context-dependent, as there is limited 
evidence of a consistent direct effect across firms. The aim of the thesis is to contribute to the 
growing ESG literature by providing firm-level evidence from Denmark to highlight the 
importance of methodology and industry differences when analysing the financial 
implications of carbon emissions.  
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1. Introduction  
Climate change has become one of the most significant global challenges facing 
governments, businesses, and financial markets. There has been an increase in scientific 
evidence on the environmental and economic consequences of greenhouse gas emissions, that 
has intensified the pressure on corporations to lessen their environmental impact and adopt 
enhanced sustainable business practices. In response, consumers and stakeholders are 
exponentially calling firms to take action, not only on the concern of climate change, but for 
the social aspects to a larger degree. As a result, environmental, social, and governance 
(ESG) considerations are increasingly integrated into corporate strategy, regulatory 
frameworks, and investment decision-making (Danmarks National Bank,n.d.). Corporate 
carbon emissions have therefore become a measurable component to the environmental pillar 
and is often used as central to assessing firms’ sustainability performance. While the social 
and governance pillars of ESG remain important, their impacts are often less directly 
observable and harder to accurately quantify. Due to the measurability of carbon emissions 
both researchers and policymakers are increasingly concentrating on carbon emissions as an 
indicator of environmental responsibility and financial relevance (Cornell, 2020).  

Laws and regulations regarding carbon emissions have thus also become stricter in recent 
years. Governments, the European Union, and other national and transnational institutions 
proceed to apply stricter environmental regulations, carbon pricing mechanisms, and new 
reporting requirements to reduce greenhouse gas emissions (Finanstilsynet, 2021). Creating a 
tendency amongst investors to scrutinise firms with an increased focus on sustainability-
related risks and opportunities (Cornell, 2020). Large investor institutions, rating agencies, 
and financial analysts are increasingly incorporating ESG metrics into their assessments, 
indicating truth to the belief that environmental performance may influence long-term firm 
value and risk exposure (Fahmy, 2022). Consumers and other stakeholders have likewise 
become more environmentally conscious as direct consequences of climate change become 
more pronounced in our everyday life, placing additional reputational pressure on 
corporations with higher greenhouse gas emissions (Garg et al., 2024). These increasing 
social and economical pressures suggest that carbon emissions may actually have substantial 
financial consequences for firms. On one hand, high emissions may expose companies to 
regulatory costs, reputational risk, and investor scrutiny, which, in turn, could reduce 
profitability and, over time, firm value. Meaning, that firms with weak environmental 
performance could face higher compliance costs, reduced investor confidence, or negative 
reactions from stakeholders. On the other hand, emissions are historically associated with 
production activity, firm scale, and their industrial output (Fahmy, 2022). For example large 
firms operating in industries with intensive energy use may naturally generate higher 
emissions while still achieving strong financial performance. That is to say that the 
relationship between carbon emissions and firm performance is not necessarily 
straightforward (Cornell, 2020).  

The growing focus on sustainability has led to a large body of literature investigating the 
relationship between environmental and financial performance. However, despite the 
increasing attention given to the subject, the empirical evidence of a correlation remains 
rather inconclusive. Some studies find that lower emissions and stronger ESG performance 
improve profitability and market valuation by strengthening stakeholder relations and 
reducing long term risk (Aik, 2024). Whereas other studies report a negative effect, arguing 
that environmental initiatives impose additional costs that may reduce competitiveness and 
profitability, especially in the short term. The latter group of studies finds no statistically 
significant relationship between ESG and financial performance (Wang, 2024; King 
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and Lenox, 2001). No uniform relationship is, then, to be concluded in the existing literature, 
showing that the relationship between emissions and environmental and financial 
performance remains complex. Variables such as differences in methodologies, time periods, 
industries, and measurement approaches have further been identified as prominent 
contributors to the inconsistency of the findings across existing literature. In particular, the 
way emissions are measured varies substantially (Desai et al., 2021). Some studies rely solely 
on emissions, while others use emission intensity or simply ESG scores. Many studies also 
focus on large international firms, potentially overlooking firm structure and market factors 
specific to individual regions that may affect the relationship between emissions and financial 
performance in those countries (Friede, Busch and Bassen, 2015).  

The existing literature remains inconclusive on whether carbon emissions systematically 
affect a firm's financial performance. The uncertainty of this potential relationship constitutes 
a research problem relevant to both regulators, investors, and firms increasingly as they 
depend progressively on ESG-related information in their decision-making (Friede, Busch 
and Bassen, 2015). Understanding whether emissions actually influence profitability and firm 
value, is, therefore, relevant not only from an academic perspective, but also from a practical 
and policy-oriented standpoint.  

To challenge some of the inconsistencies of the area of study, this study sets out to examine 
the relationship between firm-level carbon emissions and financial performance among firms 
in the OMXC25 index in Denmark over the period 2018-2024. It will investigate whether 
carbon emissions are associated with accounting-based and market-based measures of 
financial performance in both a limited capacity and timeframe to mitigate methodological 
fallouts. Financial performance is measured using Return on Assets (ROA), which captures 
accounting profitability, and Tobin’s Q, which reflects market valuation and investor 
expectations. Working to answer the question: 

 

What is the relationship between firm-level carbon emissions and financial performance 
among OMXC25 firms during the period 2018-2024? 

 

The study examines both accounting-based and market-based performance measures in order 
to capture different aspects of firm performance. With this, the analysis aims to consider 
whether emissions affect internal profitability differently from how they influence investor 
perceptions and market valuations. 

The Danish OMXC25 index perspective delivers a new angle on this relationship. The 
Danish market is internationally known for its strong focus on sustainability, environmental 
regulation, and ESG transparency (Finanstilsynet, 2021), as Danish firms operate in a newer, 
more advanced reporting environment with relatively high levels of ESG disclosures and 
corporate sustainability engagement (Pro, 2025). The study at hand has elected to examine 
the OMXC25 index, as it consists of some of the largest and most economically influential 
firms in Denmark, making the sample highly relevant for investors and financial markets 
(Nordnet, 2024). Firms in the OMXC25 vary in terms of industry exposure and emissions 
intensity, providing a useful empirical case for examining whether carbon emissions are 
associated with differences in financial performance (Gelbjerg-Hansen, 2026). The data 
sample includes firms from various industries, therefore capturing a broad range of 
operational and environmental characteristics in Denmark.  
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The study at hand aims to contribute to the existing literature in several ways. First, it 
provides firm-level evidence from a Danish context, which remains relatively little 
researched in the ESG and emissions literature. While many previous studies focus on large 
international datasets, fewer studies examine how carbon emissions relate to financial 
performance within the Nordic or Danish market, specifically (Finanstilsynet, 2021, Payam 
Rostamicheri et al., 2026). Applying a panel data approach, it allows the analysis to account 
for both cross-sectional and time-series variation by using fixed-effects panel-data regression 
models. The study controls for unaccounted firm-specific characteristics that remain constant 
over time, thus improving the reliability of the estimates relative to simple cross-sectional 
approaches.  

2. Literature review 
This section reviews the existing literature on the relationship between emissions and 
financial performance; it will focus on all ESG factors, however, mostly carbon emissions, as 
ESG literature also often highlights considerations regarding emissions. The literature review 
will investigate the mixed evidence in existing studies, as they report positive, negative and 
insignificant relationships depending on the chosen methodology, market setting and 
measurements. To best explore the results, the last section of the literature review will 
explore different theoretical frameworks that can help explain this study’s findings.   
 

2.1 ESG and Financial Performance 
Environmental, Social, and Governance (ESG) refers to a set of ethical principles that is used 
to evaluate how firms affect the environment, manage social responsibility, and their 
governance structures (Ditlev-Simonsen, 2021). ESG has, in the last two decades, evolved 
from a niche ethical consideration that only a few firms declared, mostly as part of a 
marketing program, to a major consideration for financial analysis, with investors steadily 
integrating ESG indicators into their portfolio decisions and risk assessment, as highlighted 
by Ditlev-Simonsen (2021). More commonly now, ESG factors are viewed as tools for 
creating long-term value and reducing non-financial risks. However, as previously described, 
despite the growing relevance, the empirical relationship between ESG performance and 
financial performance remains highly debated, with studies producing both positive, negative, 
and neutral findings (Ditlev-Simonsen, 2021).  
A large amount of the literature supports a positive relationship between ESG performance 
and financial outcomes. A meta-analysis by Friede, Busch, and Bassen (2015), which 
examined more than 2,000 empirical studies, found that approximately 90% of studies 
reported a non-negative relationship, with the majority showing a positive effect. This 
suggests that ESG integration rarely harms financial performance and often contributes to it 
((Friede, Busch and Bassen, 2015). The mechanisms underlying this relationship are 
commonly explained through improved stakeholder relations, enhanced corporate reputation, 
and better risk management. Friede et al. (2015) explain that firms with strong ESG 
performance may even benefit from lower cost of capital, improved investor confidence, as 
well as increased customer loyalty (Friede, Busch and Bassen, 2015).  
The same positive perspective is also supported by firm-level evidence from European 
markets. A study made by Koundouri et al. (2022) finds that firms that are leading ESG 
research and ratings outperform their peers in several financial measurements, including 
profitability and risk-adjusted performance (Koundouri, Pittis and Plataniotis, 2021). Their 
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results also indicate that ESG-oriented firms can make a firm more resilient in periods of 
economic stress, such as the COVID-19 pandemic (Koundouri, Pittis and Plataniotis, 2021). 
This growing resilience supports the argument where ESG serves as a form of risk mitigation, 
which allows firms to absorb external shocks better. Ditlev-Simonsen (2021) highlights 
similarly that firms focusing on material ESG issues, especially those directly linked to their 
operations, tend to achieve better financial performance compared to firms addressing less 
relevant sustainability concerns (Ditlev-Simonsen, 2021).  
Despite the observable results, this positive interpretation of the relationship is not supported 
by all ESG research. A competing argument in most of the literature points out the costs of 
ESG implementation, suggesting that sustainability efforts may reduce profitability, 
particularly in the short term. Makridou et al. (2020) examine how European energy firms 
find a small but statistically significant negative relationship between ESG performance and 
return on asset (ROA) (Makridou et al., 2016). This is important because the negative effect 
is driven primarily by the environmental component, whereas the social and governance 
factors show weaker, often insignificant relationships. The authors conclude that the findings 
are due to high compliance costs, capital expenditures, and regulatory pressures for firms in 
environmentally sensitive industries (Makridou et al., 2016). In the context of this study, 
investments in emissions reduction and environmental technologies may increase operating 
costs without immediately generating financial returns, and therefore may not be fully 
accounted for.  
This cost-based interpretation is consistent with more traditional economic perspectives, in 
which ESG activities are viewed as constraints on profit maximising (Makridou et al., 2016). 
From this perspective, firms engage heavily in sustainability initiatives that may divert 
resources from primary business operations, thereby reducing short-term financial 
performance (Makridou et al., 2016). The negative effects identified by Makridou et al. 
suggest that the benefits of ESG may not be immediate and can even depend on longer time 
horizons or specific industry conditions (Makridou et al., 2016).  
A third group of studies presents neutral or inconclusive findings, which challenge the 
assumption that ESG has a consistent impact on financial performance. In a meta-analysis of 
socially responsible investment (SRI), Revelli (2014) finds that ESG-based investment 
strategies do not systematically outperform conventional investments. Instead, the results 
suggest a largely neutral effect, where ESG neither improves nor weakens the financial 
performance (Revelli and Viviani, 2015). Contesting both the optimistic and pessimistic 
views of ESG by suggesting that its financial impact may be limited or conditionally 
dependent (Revelli and Viviani, 2015).  
This is also examined by King and Lenox (2001), who provide a more complex perspective 
by investigating the relationship between environmental and firm valuation. While, they 
initially find a positive association between lower pollution rates and higher financial 
performance, that relationship weakens when controlling for firm-specific characteristics 
using fixed-effects models (King and Lenox, 2001). Their analysis points out an issue in 
methodology where the observed ESG - financial performance relationship may be driven by 
the underlying firm qualities, such as managerial capabilities or innovation, rather than pure 
ESG performance (King and Lenox, 2001). Meaning, that financially strong firms may 
simply be better positioned to invest in ESG, which leads to a correlation that does not reflect 
a relationship (King and Lenox, 2001).  
The scholarly disagreements on the area are not only empirical, but also methodological. 
Studies vary considerably in how ESG is measured, ranging from aggregated ESG scores to 
individual environmental, social, and governance components. As noted by Ditlev-Simonsen 
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(2021), ESG ratings from different providers often exhibit low correlation, leading to 
uncertainty and potential measurement errors. This creates inconsistency, complicating 
comparisons across studies and potentially leading to conflicting results.  
Additionally, the chosen methodological challenges, such as reverse causality and sample 
selection bias, further complicate the relationship between ESG and financial performance 
(Leticia Canal Vieira, Longo and Mura, 2024). It gives off an illustration that firms that 
voluntarily disclose ESG information could systematically differ from those that do not, 
leading to biased estimates (Leticia Canal Vieira, Longo and Mura, 2024). Companies that 
voluntarily disclose their ESG information may have a large focus on improving or altering 
their scores. Whereas companies that do not disclose their ESG scores may not prioritise 
them, resulting in lower scores. This causality remains unclear, which means that while ESG 
may shape financial performance, it is equally possible that financial firms have more 
resources to invest in sustainability initiatives. 
The existing literature on ESG and financial performance does not provide a clear or uniform 
conclusion. While much of the literature suggests that ESG can improve financial outcomes 
through more effective operations, enhanced reputation, or/and better risk management, other 
studies note the costs associated with ESG implementation or find no significant relationship 
at all. This lack of homogeneity illustrates the significance of context, measurement, and 
methodology in developing empirical results.  
The inconsistencies in existing ESG research motivate a concentrated analysis of more 
specific environmental indicators. As the ESG literature is focused on a lot of components, 
there is a need to examine individual components, such as carbon emissions, to provide 
clearer insights into how environmental performance influences overall performance. 
 

2.2 Carbon Emissions and Firm Value 
Building on the broader ESG framework, a more focused strand of literature examines carbon 
emissions as a direct, measurable measure of environmental performance. Unlike aggregated 
ESG scores, emissions can deliver a clearer link between corporate activity and 
environmental impact, making them relevant for analysing financial implications. It is 
important to note that, similar to the ESG literature, the findings on the relationship between 
emissions and firm value remain mixed (GHG Protocol, 2015). 
One perspective from the literature views carbon emissions as a source of financial risk. 
Desai et al. (2021) find a significant negative relationship between emissions and accounting-
based as well as market-based performance, which likely suggests that higher emissions 
reduce operational efficiency and investor confidence (Desai et al., 2021). This interpretation 
is mainly supported by Matsumura et al. (2014), which shows that markets assign a negative 
valuation to carbon emissions and penalise firms that fail to disclose them. These findings 
indicate that investors more often perceive emissions as signals of potential future regulatory 
costs, reputational risks, and potential inefficiencies in operations (Prakash, Matsumura and 
Vera-Munoz, 2011).  
This is further reinforced by risk-based studies that examine how markets react to 
information related to climate (especially climate change). Beatty and Shimshack (2010) 
explore how firms with poor climate ratings experience abnormal negative returns following 
public disclosure events (Beatty and Shimshack, 2010). This highlights that investors respond 
to credible emissions information. For this study, it is important to note that their findings 
suggest an asymmetric effect, where markets penalise weak environmental performance more 
than they reward strong performance (Beatty and Shimshack, 2010). This can imply 
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that emissions primarily influence firm value through a downside risk rather than an upside 
potential.  
Another interpretation suggests that emissions reflect operational inefficiency rather than an 
external risk alone. King and Lenox (2001) show that firms with lower emissions relative to 
their industry peers tend to have higher valuations, which indicates that environmental 
performance may show underlying managerial quality and production efficiency (King and 
Lenox, 2001). From this perspective, emissions are not only a regulatory concern but also an 
internal indicator of firm performance. This challenges the assumption that emissions 
reductions inherently destroy firm value and supports the idea that firms can adapt without 
compromising profitability (King and Lenox, 2001).  
To add complexity, asset pricing research suggests that emissions may be associated with a 
risk premium rather than lower performance. Bolton and Kacpercyk (2021) show that firms 
with higher emissions can earn higher expected returns, which reflects that firms can be 
compensated for carbon transition risk (Bolton and Kacperczyk, 2021). Oesterich and Tsiakas 
(2015) also demonstrate that regulatory frameworks can create short-term financial benefits 
for carbon-intensive firms, such as through free emission allowances. These findings imply 
that emissions can be financially relevant without necessarily reducing firm value (Oestreich 
and Tsiakas, 2015).  
The existing literature on the effect on firm value presents mixed evidence. While many 
studies find that emissions negatively affect firm value due to risk and inefficiency, other 
studies show neutral effects or even positive effects through both regulation and risk 
compensation. This suggests that the financial impact of emissions depends on the given 
environment, which varies across regulatory environments, industries, and time periods.  
 

2.3 Theoretical Framework 
To interpret the results of the analysis, a theoretical framework, which focuses on the 
relationship between carbon emissions and financial performance, is needed. The main 
theoretical perspectives that are used are stakeholder theory, legitimacy theory, and 
neoclassical theory. These frameworks provide different, and in some cases even conflicting, 
explanations of how environmental performance influences firm value. Together, they form 
the solid foundation for analysing the mixed findings presented in the existing literature and 
for interpreting the results of this study.  
The first of the chosen theories, stakeholder theory, introduced by Freeman (1984), reflects 
on how improving environmental performance can create firm-value. Stakeholder theory 
does not only focus on maximising shareholder value but also on managing the relationship 
with the broader stakeholders (Freeman and Mcvea, 2001). From this perspective, 
environmental performance is able to enhance firm value by strengthening stakeholder 
relationships as well as reducing potential conflicts. Firms that actively address 
environmental concerns may improve their reputation, attract more responsible investors, and 
gain customer trust, all of which can translate into financial benefits (Freeman and Mcvea, 
2001). As this study focuses on carbon emissions, stakeholder theory predicts a negative 
relationship between emissions and financial performance. Firms with lower emissions are 
more likely to be perceived as responsible or future-oriented, which can improve a firm’s 
financial performance in both accounting and market-based perspectives (Hathat et al., 2024). 
This can be relevant to the case of Denmark, where sustainability concerns are prominent and 
investors may interpret lower emissions as a signal of stronger risk management and long-
term strategy (Hathat et al., 2024).  



Master’s Thesis Maria Jensen June 2026 

 9 

Legitimacy theory implies that the relationship between emissions and financial performance 
may be weak, indirect or asymmetric (Velte, 2023). Poor environmental performance can 
lead to a negative market reaction because it damages a firm’s legitimacy and reputation, 
whereas strong environmental performance may not equally counterbalance to generate 
positive effects. This asymmetry is consistent with findings showing that markets tend to 
penalise poor environmental behavior more than they reward improvements. In turn, the 
theory also argues that environmental actions may be for-show rather than substantive, as 
firms may disclose sustainability initiatives primarily to maintain social acceptance rather 
than improve their actual performance (Velte, 2023).  
Neoclassical theory, however, provides a cost-based perspective. Traditional economic theory 
assumes that firms aim to maximise profits and that environmental actions create additional 
costs unless required by regulation(Aik, 2024). From this standpoint, reducing carbon 
emissions requires investments in cleaner technologies, process changes and compliance with 
environmental standards, all of which reduce profitability in the short-term. Therefore, 
Neoclassical theory predicts a positive between emissions and financial performance, 
especially in emissions intensive industries where low-emission transitions require substantial 
financial resources.  
Together, these perspectives generate conflicting predictions on the relationship between 
carbon emissions and financial performance. Stakeholder theory predicts that high emissions 
firms will have lower financial performances, meaning a negative relationship. Neoclassical 
theory implies that firms maximise profits, and environmental improvements are viewed as a 
cost, unless required by regulation, meaning a positive relationship between emissions and 
financial performance. Legitimacy theory argues that firms seek social acceptance and 
legitimacy from society, but markets and stakeholders react more strongly to no or poor 
environmental actions than improvements, creating an asymmetric relationship (Aik, 2024, 
Velte, 2023).  
In this study these theories are considered in coexistence and can, therefore, promote critical 
reflection of the complexity of the emissions-financial performance relationship and help to 
explain the mixed empirical findings observed in the literature. Rather than pointing to a 
single expected outcome, the theoretical framework suggests that the financial impact of 
carbon emissions may depend on a range of factors including stakeholder awareness, industry 
characteristics, firm-specific capabilities, regulatory pressure and environment. For this 
study, the theories provide a foundation for interpreting the empirical results. Examining the 
relationship between carbon emissions and financial performance among Danish OMXC25 
firms, the analysis may assess which theoretical framework is the most consistent with 
observed outcome from the dataset. The study using this approach will contribute not only to 
the empirical literature but also to the broader theoretical debate on the financial implications 
of environmental performance.  
 

2.4 The research gap 
Despite a fast growing amount of research being made in ESG and carbon emissions. These 
gaps primarily relate to the lack of context evidence, inconsistencies in ESG data and the 
persistence of mixed empirical findings. Altogether, they limit the ability to draw clear 
conclusions about relationships between emissions and financial performance.  
The first notable gap is the absence of strong empirical evidence from the Danish context. 
Much of the existing peer-reviewed literature is based on large international samples or 
focuses on major economies such as the United States, the United Kingdom or emerging 
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markets (Desai et al., 2021). While these studies provide a baseline of insights to ESG 
research, their findings cannot be directly transferable to smaller, highly regulated economies 
such as Denmark. Each country has distinct preferences regarding firm structures, regulatory 
frameworks, and investor views, which shape how environmental performance is perceived 
and priced. This results in it being unclear whether the relationships identified in existing 
studies are also true for the Danish OMXC25 firms. These country-specific preferences 
create an even larger need for focused empirical analysis within a national setting, in this case 
a Danish one.  
Another part of the research gap is missing or inconsistent data due to the fact that the 
emission data is very new, different methodologies for collecting it are used, which 
represents a significant challenge in ESG and emissions research. As emphasised by Ditlev-
Simonsen (2021), ESG ratings often differ substantially across providers, reflecting variations 
in measurement methodologies and underlying indicators. Desai et al. (2021) also highlight 
that emissions data are very often incomplete due to voluntary disclosures, leading to 
unbalanced datasets. This issue is directly relevant for the present study, as OMXC25 firms 
differ in both the availability and consistency of emissions reporting. In this dataset, some 
firms provide several years of data, while others report only the required information under 
the law (Danish and EU regulations require yearly emissions reporting from 2023) 
(Greenhouse Gas Protocol, 2026). These inconsistencies complicate empirical analysis and 
may contribute to biased or inconclusive results. As a result, there is a need for studies that 
explicitly address these data limitations through appropriate methodological approaches.  
The existing literature includes both mixed and inconclusive empirical findings on the 
relationship between emissions and financial performance. Where several studies identify a 
negative relationship between emissions and financial performance, others report neutral or 
even positive effects. For example, Desai et al. (2021) and Matsumura et al. (2014) find that 
higher emissions are associated with lower firm value, supporting a risk-based interpretation. 
Whereas, Downar et al. (2021) find no significant impact of emissions reductions on financial 
performance, and asset-pricing, studies such as Bolton and Kacperczyk (2021) suggest that 
emissions may be associated with higher expected returns due to risk compensation. These 
mixed results indicate that the relationship between emissions/performance is context-
dependent and influenced by factors such as regulation, market maturity, and investor 
awareness.  
These gaps in the existing literature create an apparent need for further research on the 
relationship between carbon emissions and financial performance in a specific and 
underexplored geographic market. Therefore, this study focuses solely on Danish OMXC25 
firms, where it will utilise available firm-level emissions data to create a panel data structure, 
with the aim to contribute new empirical evidence to the literature. In doing so, it further 
addresses challenges related to data inconsistency and methodological variation, providing a 
more nuanced understanding of how emissions influence both accounting-based and market-
based performance measures.  
Based on the theoretical framework and the mixed empirical evidence presented in the 
literature, the main speculation becomes do carbon emissions negatively affect Return on 
Assets (ROA) or Tobin’s Q. This reflect the expectation, presented primarily from 
stakeholder and risk-based perspectives, finding that higher emissions are associated with 
weaker financial performance. However, given the lack of unanimity in the literature, the 
empirical analysis remains open to the possibility of non-significant or context-dependent 
results.  
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3. Data and Sample 
This section will describe the dataset, sample construction, data sources, and data preparation 
done before analysing the results, which will be used in the empirical analysis. It  aims to 
ensure transparency and replicability while addressing the main limitations associated with 
ESG and emissions data  (Fometescu, Camelia-Daniela Haţegan and Cuc, 2024). The section 
also highlights the previously mentioned limitation of ESG research, where data might differ; 
a clear explanation of data is therefore important for the study’s relevance.  

 
3.1 Sample 
To examine the relationship between emissions and financial performance, it requires the 
construction of a solid dataset that combines credible environmental and financial 
information. In this study, greenhouse gas emissions are combined with firm-level financial 
data to analyse how environmental performance affects the profitability and firm value. This 
method aligns with the existing literature, as explored in the literature review, which also 
emphasises that environmental macroeconomic factors are incorporated into firms’ cost 
structures, regulatory exposure, and reputation (Porter & van der Linde, 1995; Clarkson et al., 
2016). The emissions data will be linked directly to financial measures, which, in the 
analysis, will aim to capture both the operational and market-related implications of firms' 
environmental performance.  
The empirical analysis is based on firms included in the Danish OMXC25 index, which 
represents the largest and most actively traded companies in Denmark (Nordnet, 2024). 
Emissions data is not widely available because it requires substantial resources to collect. The 
study’s final sample consists of 23 companies, rather than the full index, as Mærsk and 
Coloplast have two shares in the index. For these two companies, only the B share is 
included. The OMXC25 provides a setting for this study, where firms are subject to 
increasing regulatory pressure and investor inspection regarding environmental performance 
and ESG disclosure (Dansk Industri, 2025). 
The sample period covers the years 2018 to 2024, which allows the analysis to capture the 
recent development in carbon emissions reporting and sustainability practices. All emissions 
data in the study is collected using Traceanble.com and later verified in all companies' annual 
reports or sustainability reports that are publicly available (Trancenable.com, 2026). The 
short time horizon reflects how consistent ESG data are only available for recent years. It is 
relevant for discerning the recent trend of regulatory initiatives and increased investor focus 
on sustainability have led to the emissions reporting being wider and more structured 
(Fometescu, Camelia-Daniela Haţegan and Cuc, 2024). 
The dataset is structured as an unbalanced panel, with firms contributing varying numbers of 
yearly observations. Some firms report emissions data for only two years, while others 
provide data across the seven-year period, resulting in a total of 92 firm-year observations. 
The unbalanced nature of the panel is primarily driven by the differences in ESG practices 
across firms and the requirement for regulation. While some companies have adopted 
consistent and comprehensive emissions reporting, others have only in recent years begun 
disclosing this information, some only as regulation requires it (Guastella et al., 2022). 

http://tranceanble.com/
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Tabel 3.1 Data & Sample  

The use of panel data structure is particularly suitable in this context, as the analysis can 
control for unobserved firm-specific heterogeneity. Characteristics such as production 
technology, industry structure as well as managerial decision-making may influence both 
emissions and financial performance. By exploiting within-firm variation over time, the panel 
approach can reduce biases arising from time-invariant factors and strengthen the credibility 
of the empirical results (Guastella et al., 2022).  
The panel is constructed to ensure the validity of the dataset, using consistent firm identifiers 
and time indexing, where each observation represents a unique firm-year combination. This is 
done to avoid duplication and ensure comparability across time, which is essential for reliable 
estimation using panel data methods (Erol, Unal and Coskun, 2023). The dataset provides a 
foundation for the empirical analysis of the relationship between carbon emissions and 
financial performance, while still reflecting the challenges of ESG data availability.  
 

3.2 Data Sources 
The dataset combines environmental and financial information from multiple sources to 
ensure both coverage and reliability of the study. Carbon emissions data are collected from 
ESG databases, specifically Tracenable.com, which collects firm-level greenhouse gas 
emissions based on disclosures that are publicly available (Tracenable.com, 2026). The 
dataset primarily includes Scope 1 and Scope 2 emissions, as these are the most consistently 
reported measures; they are also directly linked to a firm’s operational activities (Desai et al., 
2021).  
To enhance data reliability and reduce potential measurement error, emissions data collected 
from the database are systematically cross-checked against firms’ annual reports or 
sustainability reports. This validation step ensures consistency between database value and 
official disclosures, thereby strengthening the credibility of the environmental data. Given 
that ESG databases may differ in methodology, coverage and estimation techniques, this 
additional verification step is important for minimising inconsistencies and improving 
internal validation (Desai et al., 2021).  
Financial data are sourced from FactSet and are available and accessible through Aalborg 
University. FactSet is a recognised financial database that provides standardised firm-level 
information, which ensures consistency in the construction of financial variables across 
companies (FactSet.com, 2025). The main financial variables collected include Return on 
Asset (ROA), total assets, leverage, and Tobin’s Q, all collected directly from FactSet. Using 
a single widely known financial database enhances comparability across firms while also 

http://tracenable.com/
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reducing the risk of discrepancies arising from differences in accounting definitions or data-
collection methods (Bock, Thun and Zülch, 2025).  
Despite the chosen data collection method, some limitations remain. Currently, there is no 
standardised and uniform formula for collecting ESG data, therefore it relies mainly on the 
disclosure of the firm, which will vary across firms and over time. The possible differences in 
reporting methods, estimation technologies, and how well a firm discloses its ESG data can 
affect comparability (SAP, 2025). However, by focusing on Scope 1 and Scope 2 emissions 
and validating the data against official company reports, the study improves its data 
credibility and consistency (Desai et al., 2021). The combined data collection from 
Tracenable.com for emissions data and Factset for financial data provides a robust foundation 
for the analysis. The integration of environmental data with standardised financial 
information will enhance the comparability across firms and time, supporting a reliable 
empirical investigation of the relationship between carbon emissions and financial 
performance (Desai et al., 2021). 

 
3.4 Data Challenges 
One of the key limitations in this study relates to the given challenges associated with ESG 
and emissions data. Financial reporting follows a standardised accounting framework, 
whereas ESG disclosure remains only partially regulated and lacks full consistency across 
firms. Therefore, when working with ESG, there are several issues that need to be considered, 
mainly in the availability, quality and comparability of the available data, as it is not 
standardised (Bock, Thun and Zülch, 2025).  
The inconsistencies in ESG research create a challenge in how firms have different 
approaches to methodology in how emissions data is collected and how they disclose it (SAP, 
2025). Some companies follow a consistent and structured pattern across multiple years, 
whereas others only provide limited or even irregular disclosures. Another challenge is that 
ESG is relatively new, so there is not yet a complete standardised approach to disclose 
emissions data, which leads to differences in reporting standards and estimation methods, that 
may lead to variation in the data, even when firms report the same emissions scopes (SAP, 
2025; apendix). This introduces uncertainty of measurement and difficulty in comparability 
of the emissions data across firms and over time (Bock, Thun and Zülch, 2025).  
Another issue that appears is the issue of missing values, which results in an unbalanced 
panel dataset. Not all firms report emissions data for every year within the sample period, 
leading to gaps in the data (see appendix tabel 1). Some firms simply do not disclose the 
emissions data as it is not required by regulation. This creates a likelihood of missing data 
being random, as the firms that disclose emissions may differ systematically from firms that 
do not. An example is that larger or firms with stronger ESG profiles may be more likely to 
report emissions, while smaller or less transparent firms may not. This can create a bias, 
where there is an overrepresentation of certain types of firms in the data, which may 
potentially affect the estimated relationship between emissions and financial performance 
(Bock, Thun and Zülch, 2025)  
The final identified challenge is that there are large differences in the OMXC25 across the 
sectors, which can influence both emissions levels and financial outcomes. The data shows 
that industries with large carbon emissions, such as transportation or manufacturing, have 
higher emissions compared to service-based sectors. This measurement issue can also happen 
on financial performance, as there can be variation in profitability measurement and asset 
utilisation due to the differences in the structure of the business model, capital intensity, or 

http://tracenable.com/
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the regulatory environment (Bock, Thun and Zülch, 2025; Desai et al., 2021) The differences 
in sectors may complicate the direct comparison between firms and can affect the relationship 
between emissions and financial performance if it is not accounted for. 
Together these challenges highlight how important it is to carefully handle data and the effect 
of methodological considerations. While ESG data limitations cannot be fully eliminated, 
acknowledging and addressing them strengthens the overall credibility of the analysis and 
ensures a more cautious interpretation of the results.  
 

3.5 Data Cleaning 
To ensure reliability and consistency of the results, a cleaning process was implemented 
using R to create a structured dataset. Taking the challenges mentioned in the previous 
section into consideration, it has been necessary to prepare the dataset for a panel regression 
analysis. This section will disclose the steps in depth.  
The first step is to organise the data into a panel structure, where each observation is linked as 
a unique firm-year combination. In R, it is required to generate a numerical firm identifier 
and define the panel using firm and year indices. It is essential for panel data analysis to 
create this structure, as it ensures that each observation is trackable and that the estimation 
methods account for both the cross-sectional and time-series variation (Desai et al., 2021). 
For this process, duplicate observations were identified and removed to guarantee that each 
firm-year pair appears only once in the dataset, resulting in an end result of 92 observations.  
Another step in cleaning the data is the treatment of missing values. If there are observations 
with missing data for either total emissions or Return on Assets (ROA), they are excluded 
from the final dataset. During this, there was no data missing; there were still 92 
observations. This process ensures that all the observations that are used in the regression 
analysis are complete with both dependent and independent variables, which avoids biased or 
inconsistent estimates (Desai et al., 2021). This step also included the transformation of 
several variables to improve comparability and statistical properties. Firm size was measured 
using the logarithm of total assets, while emissions were also logged to address skewness in 
their distribution. Environmental data are often highly skewed, with a small number of firms 
accounting for disproportionately large emissions. Log transformations can reduce the 
influence of extreme values and, thereby, improve the robustness of the regression estimates 
(Desai et al., 2021). Further preprocessing steps include the construction of derived variables, 
such as emissions intensity, which scales emissions relative to firm size or output. This 
provides an alternative measure of environmental performance, enabling more meaningful 
comparisons across firms of different sizes. Another measure was to classify the sector 
variables that were incorporated to account for structural differences across industries that 
may influence both emissions and financial performance (Desai et al., 2021). To ensure 
consistency, all variables were checked for formatting issues, such as inconsistent units or 
irregular numeric representations. Emissions data were standardised into tonnes 𝐶𝑂! to make 
it a comparable unit, while financial variables were aligned to ensure consistency in scale and 
interpretation (Bock, Thun and Zülch, 2025). For ESG research, these steps are important as 
differences in reporting practices can otherwise introduce variation in the data.  
The entire cleaning process ensures that the final dataset that is used for regression analysis is 
internally consistent, free of duplication, and structured appropriately for panel analysis. By 
addressing missing values, standardising variables, and constructing a clear panel framework, 
that will strengthen the validity of the empirical results and ensure that the estimated 
relationships actually reflect the underlying economic patterns, rather than data 
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inconsistencies (Bock, Thun and Zülch, 2025). Overall, the dataset constructed in this study 
provides a structured and transparent foundation for examining the relationship between 
carbon emissions and financial performance. The use of firm-level emissions data and 
standardised financial information strengthens the empirical analysis; it is still also important 
to highlight the limitations of the ESG data availability, consistency, and comparability. The 
unbalanced panel structure, missing observations, and sectoral differences reflect broader 
challenges in sustainability research rather than issues unique to this study.  
These limitations have been addressed to the best extent possible by applying careful data 
collection and ensuring validation through the collection and cleaning procedures. Therefore, 
the dataset is considered sufficiently robust to support the analysis, while maintaining a valid 
interpretation of the results in light of the identified data constraints. 

4. Variable Construction 
This section outlines the construction of the key variables used in the empirical analysis. It is 
essential to define variables to ensure both consistency and comparability (Coleman, 2022) 
This study examines the relationship between carbon emissions and financial performance 
using both accounting-based and market-based measures. This approach examines both 
accounting-based and market-based measures, it will allow for a more comprehensive 
assessment of how environmental performance affects firms, capturing both operational 
efficiency and effects on financial valuation (Aydogmus, Gulay and Ergun, 2022). All the 
variables are constructed using standardised definitions to ensure alignment with existing 
literature and comparability across firms (Martens, Yapa and Safari, 2020).  

 
4.1 Dependent Variables 
Financial performance is measured using two main indicators: Return on Assets (ROA) and 
Tobin’s Q, representing both accounting-based and market-based performance (Desai et al., 
2021). Return on Assets (ROA) is defined as net income divided by total assets. It measures a 
firm’s ability to generate earnings from its total assets and is widely used as an indicator of a 
firm’s operational efficiency (CFI , 2022; Desai et al., 2021). See appendix tabel 1 for 
variable description.   
A high ROA indicates that a firm is better at utilising its resources to produce profits 
effectively. As mentioned, in this study, it serves as an accounting-based measure, where 
ROA reflects the realised performance, and it is linked to the internal managerial decisions as 
well as the effectiveness of the operation. This makes it particularly suitable for analysing 
how carbon emissions, which are directly related to production activities, influence firm 
performance.  
ROA has certain limitations, as it is based on accounting data; it may be influenced by 
differences in accounting practices and may not fully capture long-term value creation. 
Despite this limitation, it remains a widely accepted measure in ESG research due to its 
comparability and direct link to firm operations (Rana, Rahman and Öhman, 2025). To 
complement the ROA, the analysis includes Tobin’s Q as a market-based measure of 
financial performance. Tobin’s Q is commonly defined as the ratio between a firm’s market 
value and the replacement cost of its assets, and it serves as a proxy for market valuation. 
Unlike ROA, Tobin’s Q reflects investor expectations and includes forward-looking 
information about a firm’s growth potential and risk profile (Rana, Rahman and Öhman, 
2025). The inclusion of Tobin’s Q will allow the analysis to capture how financial markets 
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perceive environmental performance, including the potential impact of carbon emissions on 
firm value. By including both ROA and Tobin’s Q, the study accounts for both the internal 
efficiency and external valuation, which provide a more comprehensive understanding of the 
relationship between emissions and financial performance (Rana, Rahman and Öhman, 
2025).  
 

4.2 Independent Variables 
This study's main independent variable is the total carbon emissions, which is measured as 
the sum of both Scope 1 and Scope 2 emissions. To understand why these emission scopes 
are chosen, there is a need to define them based on the annual reports, where the data is 
collected. Scope 1 emissions refer to direct greenhouse gas emissions that are owned or 
controlled by the firm, which include fuel burning in the production process or facilities 
owned by the firm (Appunn and Wettengel, 2024). Whereas Scope 2 emissions capture the 
indirect emissions that are a result of the generation of purchased energy, which include 
electricity, heating, and cooling (Innovation Center for U.S. Dairy, 2019). Together, these 
two categories provide a comprehensive and operationally relevant measure of emissions that 
are directly linked to firm activities.  
In this analysis, Scope 3 emissions are excluded. Scope 3 emissions include all other indirect 
emissions that are created in the value chain (Innovation Center for U.S. Dairy, 2019). This is 
usually the largest share of the total environmental impact, but it is also very difficult to 
measure precisely. This emission data relies heavily on estimates and third-party data, which 
can vary across firms and therefore reduce comparability (Innovation Center for U.S. Dairy, 
2019). Therefore, Scope 3 emissions reporting remains inconsistent and often incomplete, 
especially when looking at firms in different sectors. To best ensure the consistency and 
comparability of the environmental impact, the study prioritises focusing on Scope 1 and 
Scope 2 (Appunn and Wettengel, 2024).  

The variable 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑜𝑡𝑎𝑙 is constructed as the aggregate of Scope 1 and Scope 2 
emissions and is expressed in tonnes of 𝐶𝑂!. The total emissions are a direct representation 
of a firm’s environmental impacts and reflect the extent to which its operations contribute to 
greenhouse gas emissions (I. F. S. Wahyuningrum et al., 2024). In the chosen theory, the 
firms with higher emissions are often associated with increased exposure to regulation and 
potential increased compliance costs and reputational risks (Porter and van der Linde, 1995). 
This can both  influence a firm’s operational efficiency as well as the whole market valuation. 
Emissions and ESG datasets often experience high skewness in their results, meaning that a 
small number of firms account for disproportionately large emissions levels (Le, Hang Thu 
Nguyen-Phung and Hang Thu Nguyen-Phung, 2024). This skewness also often occurs in 
samples that include firms from different industries, as production sectors naturally generate 
higher emissions than service sectors. If left unaddressed, this distribution can distort 
regression results and reduce the reliability of statistical inference (Le, Hang Thu Nguyen-
Phung and Hang Thu Nguyen-Phung, 2024). To address this issue, emissions are transformed 
using a logarithmic function. The log transformation reduces the influence of extreme values, 
improves the distributional properties of the variable, and allows for a more meaningful 
interpretation of the coefficient in terms of percentage changes (West, 2021). This approach 
is standard in environmental and financial research and will enhance the robustness of the 
empirical analysis (Rahi, Akter and Johansson, 2021; Desai et al., 2021).  
To conclude, the use of total Scope 1 and Scope 2 emissions will combine, with appropriate 
transformation techniques, to provide a theoretically grounded and empirically robust 
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measure of environmental performance suitable for analysing its relationship with financial 
outcomes.  

 
4.3 Control Variables 
To isolate the relationship between carbon emissions and financial performance, there is a 
need for a set of control variables that account for firm-specific characteristics known to 
influence profitability and valuation (Wooldridge, 2010, pp.255–291) . Including these 
variables is essential to reduce omitted variables bias and ensure that the estimated effect of 
emissions reflects environmental performance rather than underlying firm differences 
(Wooldridge, 2010, pp.255–291).  
The first control variable that is chosen to isolate the relationship is leverage, this is typically 
measured as the ratio of total debt to total assets, and this is also the case for this study 
(Hurdle, 1974). Leverage captures a firm’s capital structure and indicates how much a firm 
relies on debt to finance. Leverage can influence firm performance in many ways (CFI, 
2024). Higher leverage may increase financial risk and interest obligations, which can reduce 
profitability, especially in periods of economic uncertainty (Hurdle, 1974). In this study, it is 
mainly the COVID-19 period that is affecting the leverage, as many firms had periods with 
low or no production, and others were barely affected. At the same time, moderate levels of 
debt can enhance returns through tax advantages and improved capital allocation. In the 
context of this study, leverage is included to control for differences in financial risk and 
funding structures that may affect both accounting-based and market-based performance 
measures (CFI, 2024). 
The second control variable is firm size, which is measured as the logarithm of total 
assets  (Wooldridge, 2010, pp.255–291). Firm size can affect both financial performance and 
environmental behavior (Drempetic, Klein and Zwergel, 2020). For this study with 
OMXC25, most firms are either large or medium-large firms, which is an important 
consideration for firm levels, and might be different for different-sized firms even in the same 
environment. The larger firms tend to benefit from economies of scale, greater market power, 
and improved access to capital markets, which can positively influence profitability and 
valuation (Drempetic, Klein and Zwergel, 2020). At the same time, do larger firms 
experience greater regulatory scrutiny and attention from the public, particularly in relation to 
environmental actions. This may lead to more extensive emissions reporting and stronger 
incentives to adopt sustainability practices (Drempetic, Klein and Zwergel, 2020). The 
logarithmic transformation of total assets is applied to reduce skewness and ensure 
comparability across firms of different sizes.  
The third control variable is capital intensity, typically defined as the ratio of total assets to 
revenue or a similar measure of asset utilisation (Yu et al., 2025). This control variable 
captures how a firm relies on physical assets in its production process. Generally, firms with 
higher capital intensity are more asset-heavy, this is mostly seen in industries such as 
manufacturing, transportation, and energy (Yu et al., 2025). These firms tend to have higher 
emissions due to the intensive energy use in their production process. At the same time, 
capital intensity can influence financial performance by affecting cost structures, depreciation 
and operational efficiency (Yu et al., 2025). Including capital intensity is therefore 
particularly important in this study, as it helps distinguish between emissions driven by firm 
scale and those related to operational efficiency. Without controlling for this factor, the 
estimated relationship between emissions and financial performance could be confounded by 
structural differences across firms.  
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Overall the inclusion of leverage, firm size and capital intensity, as control variables, allows 
the analysis to control for financial and operational characteristics, which ensures a more 
accurate estimation of the effect of carbon emissions on firm performance.  
 

4.4 Estimation Approach 
As an initial step, the relationship between carbon emissions and financial performance is 
estimated using a pooled Ordinary Least Squares (OLS) model. This approach treats the 
dataset as a simple cross-sectional time series, ignoring the panel structure and assuming that 
all observations are independent (Wooldridge, 2010, pp.143–181). While pooled OLS 
provides a useful baseline, it does not account for unobserved firm-specific characteristics. 
As a result, the estimates may be biased if omitted variables are correlated with both 
emissions and financial performance (Wooldridge, 2010, pp.143–181). Consistent with 
expectations, the pooled OLS results are found to be statistically insignificant, which suggests 
that a more advanced panel data approach is required 

 
4.5 Fixed Effects 
The analysis showed unobserved heterogeneity, therefore to address this and improve the 
validity of the empirical results, the analysis employs a fixed effects (FE) model. This step is 
mainly used for panel data, as it allows the model to control for factors that are not directly 
observable but may influence both carbon emissions and financial performance (Bell and 
Jones, 2015; Xu, Hwan Lee and Ho Eom, 2007). 
Firm fixed effects are included to control for time-invariant characteristics specific to each 
firm, such as production technology, business models, and managerial practices (Bell and 
Jones, 2015). These factors may simultaneously affect emissions and financial performance, 
leading to biased estimates if not properly controlled for. As a result, it is chosen to focus on 
within-firm variation over time as the fixed effects model can isolate the relationship between 
changes in emissions and changes in financial performance within the same firm (Bell and 
Jones, 2015). Additionally, the year fixed effects are incorporated in the analysis to control 
for macroeconomic conditions and common shocks that affect all firms simultaneously. 
These may include regulatory changes, fluctuations in energy prices, or shifts in ESG-related 
investor sentiment. For this study, the main macroeconomic condition is the COVID-19 
crisis, which affects all firms in the sample, either directly or after the shocks of it (Bell and 
Jones, 2015; Xu, Hwan Lee and Ho Eom, 2007). Together, firm and year effects provide a 
robust framework that reduces omitted variable bias and can enhance the credibility of the 
results.  
 

4.5 Random Effects 
As an alternative to the fixed effects model, a random effects (RE) model is also considered. 
Unlike fixed effects, the random effects approach assumes that unobserved firm-specific 
characteristics are uncorrelated with explanatory variables (Bell and Jones, 2015). This 
allows for more efficient estimation and the inclusion of time-invariant variables. However, 
this assumption is often strong in the context of ESG research, where firm-specific traits, 
including business models and environmental strategies, are likely to be correlated with 
emissions (Bell and Jones, 2015).  
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This section of the construction of variables is guided by both the theoretical considerations 
and the empirical findings. The analysis aims to capture multiple dimensions of the OMXC25 
firms’ behavior by combining accounting-based and market-based measures of the financial 
performance with contemporary measures of carbon emissions. The inclusion of control 
variables and transformations to further ensure the comparability across firms improves the 
reliability of the estimates. These choices will provide a framework that is coherent for 
examining the relationship between environmental performance and financial outcomes, 
while still addressing the challenges that are related to differences in scale, data distribution, 
as well as the firm-specific characteristics.  
 

5. Methodology 
The methodology section outlines the theoretical methods used to examine the relationship 
between carbon emissions and financial performance. It presents all steps to exploit panel 
data, including model specification, variable construction, estimation strategy, and the 
theoretical checks applied to address the main challenges of panel data. The focus has 
especially been on controlling for unobserved heterogeneity, which ensures robust results and 
on selecting the most appropriate model for the analysis. Together, the elements provide a 
structured framework for identifying and estimating the effect of carbon emissions on firm-
level financial performance.  

 
5.1 Model specification 
To examine the main research question, this study uses a panel data regression framework 
that will allow for both cross-sectional and time-series variation (Xu, Hwan Lee and Ho Eom, 
2007). The empirical base model is specified as follows: 

𝑅𝑂𝐴"# = 𝛽$𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠"# + 𝛽!𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠"# + 𝛼" + 𝛾# + 𝜀"# 
Where i is the index firm, and t is the index time, meaning the unique firm-year combination 
mentioned in the previous section of data construction. The dependent variable 
𝑅𝑂𝐴"#	measures the financial performance of firm i in year 𝑡, defined as Return on Assets. 
The main independent variable is 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠"#, which captures the firm-level carbon 
emissions, while 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠"# represents a vector of firm-specific control variables, including 
leverage, firm size, and capital intensity. The control variables are included to account for 
other determinants of financial performance and to isolate the effect of emissions more 
precisely (Bjørn, 2016). 

The term 𝛼" represents the firm fixed effects, which will capture the unobserved, time-
invariant characteristics that are specific to each firm. These characteristics may include 
production technology, management decisions, organisational structure, or long-term strategy 
orientation. These factors can potentially influence both emissions and financial performance; 
this also means that failing to account for them may lead to biased estimates. The inclusion of 
firm-fixed effects will more effectively control for all constant differences across firms, 
which ensures that the estimated relationship is based on within-firm variation over time 
(Bjørn, 2016; Desai et al., 2021). 

The term 𝛾# represents the year fixed effect, which, in this regression, controls for time-
specific factors that affect all firms simultaneously. This can include various macroeconomic 
conditions, regulatory developments, fluctuations in energy prices, or even broader shifts in 
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the focus of the ESG movement, which also affect investor sentiment. An example is changes 
in environmental regulation or increased focus on sustainability within financial markets; this 
may influence both emissions behavior and firms' performance across all firms in that given 
year. Including year fixed effects ensures that common shocks do not create weak estimates 
(Xu, Hwan Lee and Ho Eom, 2007). 

The error term, 𝜀"#, captures all other unobserved factors that affect financial performance 
that vary across firms and over time. The model assumes that, conditional on the included 
variable and fixed effects, the error term therefore explains what 𝛾# and 𝛼# do not.  
The panel data framework is chosen for this study, as it allows for a more indepth robust 
analysis compared to a purely cross-sectional or time-series framework (Bjørn, 2016). Panel 
data methods create control of unobserved heterogeneity across firms, which is important for 
ESG research where firm-specific characteristics play a significant role. By using both cross-
sectional differences and within-firm changes over time, the model provides a more 
comprehensive understanding of the relationship between emissions and financial 
performance (Bjørn, 2016; (Xu, Hwan Lee and Ho Eom, 2007). 
The panel structure also allows for the analysis to focus on how changes in emissions within 
a given firm are associated with changes in financial performance, rather than only relying on 
differences between firms. In this study, it will be distinguished as within-firm variation. This 
can strengthen the internal validity of the results and reduce the risk of omitted variable bias. 
The specified model is able to provide an accurate and flexible framework for analysing the 
impact of carbon emissions on financial performance while accounting for both firm-specific 
and time-specific factors that may influence the relationship.  
 

5.2 Estimation Strategy 
To examine the relationship between carbon emissions and financial performance, the 
analysis follows a structured estimation strategy based on panel data methods. This approach 
progresses from a simple baseline to more advanced specifications that account for the panel 
structure of the data (Xu, Hwan Lee and Ho Eom, 2007). 
The first step is to use a pooled Ordinary Least Squares (OLS) model to estimate the 
relationship given the research question. The pooled OLS makes that dataset react like both 
cross-section and time series, thereby ignoring the panel data nature. The model can provide a 
useful estimation for comparison, as it estimates the average relationship between emissions 
and financial performance across all observations. This method does not account for the 
possible unobserved firm-specific characteristics, which can be correlated with both 
emissions and financial performance (Bjørn, 2016). As a result, pooled OLS estimates may 
be biased and inconsistent. Consistent with this limitation, the results from the pooled model 
are found to be statistically insignificant, which indicates that a more refined estimation 
approach is required  (Xu, Hwan Lee and Ho Eom, 2007). 
The next step is to use a fixed effects (FE) model to understand the potential relationship 
better because it can control for unobserved firm characteristics by focusing on within-firm 
variation over time (Bjørn, 2016). This is especially important in ESG research, where factors 
such as production technology, managerial practices, and industry type may influence both 
emissions and financial performance (Desai et al., 2021). By removing these constant firm-
specific effects, the fixed effects model provides a more accurate estimate of the changes in a 
firm's emissions that are associated with changes in financial performance. The model also 
includes fixed year effects, which can control for shocks in the economy that will be reflected 
in all firms in the sample during the period (Xu, Hwan Lee and Ho Eom, 2007). 
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These shocks, as mentioned earlier, can include macroeconomic conditions, changes in their 
regulatory environment, or even shifts in investor sentiment toward ESG-related issues. By 
including both firm- and year-fixed effects, it strengthens the validity of the analysis by 
reducing the influence of external factors (Xu, Hwan Lee and Ho Eom, 2007). 
To ensure that the fixed effects model was the best-fitted model, multiple other models were 
considered. The first model to be dismissed is the random effects (RE) model. It assumes that 
unobserved firm-specific characteristics are uncorrelated with the explanatory variables, 
which allows for more efficient estimation under certain conditions. However, in this study, 
the application of the random effects model was limited by the relatively small sample size. It 
was insufficient to produce a stable and reliable estimate under the required assumptions of 
the random effects framework (Bjørn, 2016). 
The second dismissed model was the Mundlak specification, as it had less strict assumptions 
than the random effects model by allowing correlation between firm-specific effects and 
explanatory variables. Yet, again, due to the limited number of observations and the structure 
of the dataset, this model could not be implemented effectively, and the results were not 
reliable for interpretation. After testing the given models, the fixed effects model remains the 
most appropriate and robust estimation approach for this study. This estimation strategy 
highlights the importance of accounting for the unobserved heterogeneity and shows that the 
fixed effects provide the most credible basis for the empirical analysis.  
 

5.3 Model Choice 
To find the best-fitted model specification, an F-test is run, mainly to compare the pooled 
OLS model with the fixed effects model. The F-test evaluates whether including firm-specific 
fixed effects improves the significance of the model (Bjørn, 2016). Meaning that, it tests 
whether the unobserved firm-level heterogeneity together is significant.  
The null hypothesis is rejected based on the results from the F-test, this means that all firm-
specific effects are not found, which can indicate that the explanatory variables do not alone 
describe the differences significantly. Therefore, the pooled OLS model is inefficient, as it 
fails to account for these unobserved characteristics (Xu, Hwan Lee and Ho Eom, 2007; 
Bjørn, 2016). The null hypothesis rejection provides a strong empirical support for the use of 
a fixed effects model. This is also consistent with the theoretical expectation that firms differ 
in considerable but unobservable ways, such as production technologies, practices by 
managers, and the strategic orientation. These firm-specific characteristics are most likely to 
influence both carbon emissions and financial performance, and they would lead to biased 
estimates if ignored (Desai et al., 2021; Xu, Hwan Lee and Ho Eom). In the same line, the 
random effects model relies on the assumption that such unobserved firm-specific factors are 
uncorrelated with the explanatory variables. Given the nature of ESG data and the likelihood 
that firm characteristics influence both emissions and performance, this assumption is 
unlikely to hold (Desai et al., 2021). This, combined with the data limitations discussed in the 
previous section, supports the decision to rely mainly on fixed effects. 
The statistical evidence from the F-test and the theoretical considerations both support the use 
of the fixed effects model. This approach provides a model framework that isolates the 
relationship between carbon emissions and financial performance, as it accounts for 
unobserved heterogeneity across sample firms and improves the validity of the results.  
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5.4 Standard Errors 
The regression models are estimated using clustered robust standard errors to ensure 
statistical inference. If there are violations of the main regression assumption, the standard 
errors will be adjusted to account for them; this is common in panel data analysis (Arellano 
and Bover, 1995; Bjørn, 2016) 
Clustered standard errors are correct for heteroskedasticity, where the variance of the error 
term differs across observations, and autocorrelation, where error terms are correlated within 
firms over time (Moody and Marvell, 2018). Both issues are likely to be present in the 
dataset. For example, firms may have persistent performance patterns or emission behavior 
over time, which can lead to correlation in the error term within each firm. If it is not 
addressed, the issues can result in underestimated standard errors and overstated statistical 
significance (Moody and Marvell, 2018). The model, by using clustered standard errors at the 
firm level, allows for arbitrary correlation of the error terms within each firm across time, 
while still assuming independence across firms (Moody and Marvell, 2018). This is 
particularly appropriate in this context, as observations belonging to the same firm are likely 
to be more similar to each other than observations from different firms. Using clustered 
robust standard errors will provide more accurate estimates of the effect's  significance, 
which improves the reliability of hypothesis testing (Moody and Marvell, 2018; Bjørn, 2016). 
This can ensure that any conclusions given regarding the relationship between carbon 
emissions and financial performance are not driven by misspecified error structures, but 
instead reflect robust empirical evidence(Moody and Marvell, 2018; Bjørn, 2016).   
The methodology applied in this study provides a strong framework for analysing the 
relationship between carbon emissions and financial performance. The analysis accounts for 
factors that may influence the results, both observable and unobservable, by combining panel 
data techniques with variable transformations, control variables, and clustered standard 
errors. Using fixed effects, supported by a formal model selection test, strengthens the 
internal validity of the findings. As a result, the methodology ensures that the empirical 
results presented in the following section are based on a consistent and reliable estimation 
strategy.  

6. Descriptive Statistics 
This section presents the descriptive statistics of the dataset and provides an overview of the 
key variables used in the empirical analysis. The purpose is not only to summarise the data 
but also to identify underlying patterns, distribution, and potential irregularities that may 
influence the regression results. An extra focus is on the distribution of emissions, financial 
performance, and firm characteristics as well as the differences across sectors over time. It is 
important to understand these patterns to interpret the empirical findings in the following 
sections and assess the robustness of the analysis.  

 
6.1 Summary Statistics 
This section provides insights into the distribution of the key variables introduced in the 
variable constructions and how they affect the overall sample. It is essential to describe these 
statistics to better understand the structure of the sample data and the potential implications 
for the empirical results (Desai et al., 2021).  
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The first thing to understand is that the distribution of carbon emissions is highly skewed. 
The results in the regression process show that the mean of emissions is substantially higher 
than the median, which indicates that a small number of firms in the sample account for a 
disproportionate share of total emissions. This pattern of skewness is also seen in Tabel 6.1, 
which shows the average yearly emissions across the firms in the included dataset. Here, 
especially Møller-Mærsk stands out as a very clear outlier, with its emission levels 
significantly exceeding those of all other firms in the sample. This reflects the carbon-
intensive nature of the shipping industry, where fuel consumption and global trade lead to 
substantially higher emissions compared to other sectors.  

 
Tabel 6.1 Tonnes of CO2 per company  

The presence of an extreme outlier creates implications for the analysis. It contributes to the 
high skewness of the emissions variable and may influence the regression estimates if it is not 
accounted for. It creates a strong need for logarithmic extreme values and improves the 
reliability of statistical inference (Desai et al., 2021; Singh and Bagga, 2019). At the same 
time, the inclusion of Møller-Mærks is economically meaningful, as it captures the real 
differences in industry characteristics rather than data irregularities.  
The financial performance, measured as Return on Assets (ROA), uses a less extreme degree 
of skewness across the sample. The data sample includes both negative and positive ROA 
values, which can indicate that there is variation in the firm's profitability over time. Negative 
ROA values suggest periods of low efficiency or financial pressure, whereas high positive 
values reflect a firm with strong operational performance. This variation provides sufficient 
dispersion to identify relationships between emissions and financial outcomes. It does 
however, also highlight the importance of controlling for firm-specific factors, as profitability 
may be influenced by the structural differences across firms and industries (Desai et al., 2021; 
Singh and Bagga, 2019). 
The summary statistics describe a dataset characterised by a large amount of heterogeneity in 
both the environmental and financial variables. The strong skewness in emissions, driven by 
the extreme outlier observations such as Møller-Mærks, combined with the wide variation in 
both profitability and firm size, shows the importance of the methodological choices that are 
applied in the analysis. The found patterns highlight the need for an interpretation that takes 
the observed aspects into consideration, as they may reflect both structural differences across 
the sample firms and the underlying economic dynamics (Desai et al., 2021; Singh and 
Bagga, 2019). 
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6.2 Sector Analysis 
Another insight can be given with a sector-level analysis, which focuses on the distribution of 
carbon emissions and highlights the heterogeneity across the sample industries. Given that 
firms in the OMXC25 operate in different sectors, it is expected that there will be large 
differences in emissions, which is also observed in the data.  
The most obvious is the significantly higher level of emissions within the transportation 
sector, driven mainly by Møller-Mærsk. The large share of total carbon emission created by 
Møller-Mærsk is disproportionate to others in the sample, it reflects the nature of the 
transportation sector. Activities in this sector rely on fossil fuels, which results in higher 
emissions compared to other industries. Therefore, it makes the sector differ from the rest of 
the sample and contributes strongly to the overall skewness in emissions. Whereas firms 
within the financial sector have very low emissions. Financial institutions do not engage in 
direct production activities and therefore generate minimal Scope 1 emissions (Juan Luis 
Martín-Ortega and González-Sánchez, 2023). Their environmental impact is largely indirect, 
which is not fully captured in Scope 1 and Scope 2 measures. As a result, firms in this sector 
appear significantly less carbon-intensive in the dataset. Between these two extreme sectors, 
other sectors such as industrial, pharmaceutical, and consumer goods firms display moderate 
levels of emissions. Firms in these sectors have production that relies on energy consumption, 
but not to the same extent as the transport sector. This results in a more balanced distribution 
of emissions within these sectors (Juan Luis Martín-Ortega and González-Sánchez, 2023).

 
Tabel 6.2 Sector analytics 1 

The observed differences highlight a key insight, that the carbon emissions are strongly 
driven by industry characteristics rather than firm-level variation alone. This has important 
implications for empirical analysis. Without controlling for sectoral differences, the estimated 
relationship between emissions and financial performance may be confounded by structural 
industry effects (Juan Luis Martín-Ortega and González-Sánchez, 2023; King and Lenox, 
2001). For example, high emissions may reflect the nature of the industry rather than 
inefficiency or poor environmental performance. The heterogeneity in the sector analysis 
reinforces the importance of using relative measures, such as emissions intensity and total 
emissions. Where the total emissions capture total environmental impact, intensity measures 
allow for more meaningful comparisons across firms operating in different industries (Desai 
et al., 2021). 
The sector analysis reports that the dataset is characterised by substantial variation across 
industries, with transport and finance representing two extremes. To account for this 
heterogeneity, it is important that the methodological approach is well adopted.  
 

6.3 Time Trends  
To create another insight into how carbon emissions evolve over the sample period, there is a 
need to analyse the time trends. Time trend analysis can help identify if there is a systematic 
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pattern across the panel data. Unlike the sector analysis, which highlights structural 
differences across industries, the time trends analysis aims to capture dynamic changes that 
may reflect both firm-level changes as well as broader evolvement in the economic 
regulation.  
The descriptive Statistics show fluctuating average emissions over time, rather than 
clearly  following an upward or downward trend. In the sample, some years show moderate 
declining in emissions, others experience increasing emissions, which suggests that the 
pattern is unstable (Bjørn, 2016; Makridou et al., 2023, page 878-883). This variation reflects 
the unbalanced nature of the panel dataset, where the number of reporting firms changes 
across years, as well as differences in firm-specific developments. An important explanation 
for these fluctuations is variation in ESG reporting practices (Deloitte, 2025; Desai et al., 
2021). Sustainability reporting has gained increasing attention in recent years, and firms 
have, as a result, chosen to expand their disclosure of emissions data. This is also clear when 
collecting data, the earlier years in the sample contain fewer observations, while later years 
reflect more complete and standardised disclosures. This inconsistency can create variation in 
average emissions over time, which does not necessarily correspond to real changes in 
environmental performance (Makridou, Doumpos and Lemonakis, 2023, page 878-883). 
Firm-specific shocks may also contribute to the observed variation. These can be changes in 
production levels, energy consumption, or strategic decisions, such as investments in cleaner 
technologies or shifts in operational focus, that can lead to significant year-to-year changes in 
emissions (Desai et al., 2021). As mentioned in earlier sections, the sample is affected by the 
shocks and after shocks of the Covid-19 pandemic, which may affect firms' ability for 
production, their demand or costs, which directly impact their emissions (Friedlingstein et al., 
2020; Ronaghi and Scorsone, 2023). This effect can also be disproportionate, as some 
industries were more affected than others.  
The time trend analysis suggests that the total emissions are affected by a mix of reporting 
practices, firm-level dynamics, and external economic factors. When the regression shows no 
clear and consistent trends, it highlights the complexity of environmental performance and 
highlights the importance of using panel data methods that account for both time variation 
and firm-specific effects. These findings support the inclusion of year fixed effects in the 
empirical analysis, as they help control for common time-related influences that might 
otherwise bias the results.  
The descriptive statistics reveal a dataset characterised by large amounts of  heterogeneity 
across firms, sectors, and time. The strong skewness in emissions, driven mainly by Møller-
Mærks, the wide variation in financial performance, and the clear differences across 
industries highlight the complexity of the data. At the same time, fluctuations over time 
reflect both the importance of the methodological choices applied in the analysis and provide 
essential context for interpreting the empirical results presented in the main findings section. 
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7. Correlation Analysis 
This section presents the correlation analysis of the main variables used in the study. The aim 
of this section is to provide an initial assessment of the relationship between the main 
variables (carbon emissions, financial performance, and control variables) before proceeding 
to the regression analysis. Correlation analysis may not imply causation, but it offers a useful 
preliminary insight into the direction of the relationship, strengthens the linear associations, 
and can help identify potential multicollinearity issues (Desai et al., 2021).  
7.1 Correlation Matrix  

The correlation matrix shows a relative weak the relationship between emission_total and 
ROA  with a positive correlation (0.23). It indicates that firms with higher emissions tend to 
also have slightly higher financial performance, but the relationship is not strong. This weak 
correlation indicates that there is no clear linear relationship between emissions and 
profitability at the descriptive level. This is in line with parts of the existing literature, which 
often find mixed or inconclusive results regarding the relationship between emissions and 
financial performance (Aydogmus, Gulay and Ergun, 2022). Another important point from 
the correlation matrix is that the correlation between emissions and Tobin’s Q is negative (-
0.19), but again, it is not strong. This may indicate that higher emissions can be associated 
with lower market valuation, consistent with the idea from stakeholder theory that investors 
would penalise environmentally harmful firms (Aydogmus, Gulay and Ergun, 2022). 
However, the low negative link between emissions and Tobin’s Q suggests that this 
relationship is not particularly strong. These findings reinforce the need to conduct a 
multivariate regression analysis that controls for other factors 

.   
Looking at the relationship between two performance measures, ROA and Tobin’s Q are 
moderately positively correlated (0.46). This can indicate that firms with effective operational 
performance also tend to have higher market valuations, which is consistent with the basis of 
financial theory (Busch and Lewandowski, 2017; Desai et al., 2021). The correlation is not 
high, which reflects the fact that Tobin’s Q includes forward-looking expectations and market 



Master’s Thesis Maria Jensen June 2026 

 27 

views, while ROA captures realised accounting performance (Singhal, Fu and Parkash, 2016, 
page 1-2). 
The control variables also experience relatively low to moderate correlations. Leverage is 
negatively correlated with both ROA (-0.23) and Tobin’s Q (0.18), which can suggest that 
more highly leveraged firms tend to have lower performance (Desai et al., 2021). This 
correlation is consistent with the idea from financial theory that higher debt levels may 
increase financial risk, therefore may reduce profitability (Hapsoro and Falih, 2020). Firm 
size (log_assets) shows a relatively low-moderate positive correlation with emissions (0.32), 
which can indicate that larger firms tend to produce higher levels of emissions. This may be a 
result of larger firms typically operating at a greater scale (Hapsoro and Falih, 2020; West, 
2021).  
The correlations among the explanatory variables are generally low. While there are some 
moderate relationships, such as between leverage and firm size (0.46), there are no 
indications of perfect or even just high correlations that would suggest serious 
multicollinearity concerns. In particular, emissions are not strongly correlated with any of the 
control variables, which supports their inclusion in the regression models without causing 
instability in the estimates (Hapsoro and Falih, 2020). 
The correlation analysis finds that there is no strong direct relationship between carbon 
emissions and financial performance at the descriptive level and that multicollinearity is 
unlikely to be a large issue in the empirical analysis. This conclusion is further supported by 
formal diagnostic tests, such as the Variance Inflation Factor (VIF), that will be presented in 
Diagnostics (Yousaf, 2025, page 7-8) Consequently, the correlation results offer a strong 
basis for proceeding with the regression analysis, where the relationships can be examined in 
a more rigorous multivariate framework.  
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8. Main Results  
This section presents the main empirical findings of the study, exploring the relationship 
between carbon emissions and financial performance among several model specifications. By 
progressing from simple to more advanced panel data models, the analysis assesses how the 
results change when accounting for firm-specific effects and time dynamics. The section will 
distinguish between accounting-based performance (measured with ROA) and market-based 
performance (measured with Tobin’s Q), providing a comprehensive assessment of how 
emissions relate to both internal efficiency and external valuation.  
 

8.1 Pooled OLS results 
The empirical analysis begins with a pooled Ordinary Least Squares (OLS) regression, which 
creates a baseline for investigating the relationship between carbon emissions and financial 
performance. This specification estimates the association between emissions and Return on 
Assets (ROA) across all 23 firms and the available time periods, while ignoring the panel 
structure of the dataset (Yousaf, 2025; Bjørn, 2016). This is a simple model, but the approach 
grants an initial benchmark against the more advanced models that follow the panel structure. 
The pooled OLS model indicates that the emissions coefficient is statistically insignificant 
and nearly zero, pointing to no clear linear relationship with ROA in this specification. The 
low R^2 shows weak explanatory power. While these outcomes show that emissions do not 
largely explain profitability, this model's main limitation is its assumption of identical firms, 
which is unrealistic in ESG research given varied firm characteristics. Many relevant factors 
are time-invariant and could affect both emissions and performance. Excluding firm-specific 
effects can lead to omitted-variable bias, distorting the estimated relationship (Yousaf, 2025; 
Bjørn, 2016). 
This limitation is highlighted by the descriptive statistics: emissions are highly skewed, with 
a mean of about 2.14 million tonnes and a median of 49,270 tonnes, reflecting extreme 
outliers like Møller Mærks. Firm size (log assets) also varies considerably, with a mean of 
11.13 and a standard deviation of 1.53. These differences show firms operate at different 
scales, changing both emissions and profitability. Without accounting for these, pooled OLS 
may capture superficial variation instead of meaningful economic relationships (Xu, Hwan 
Lee and Ho Eom, 2007).

 
Tabel 8.1. Pooled OLS results  

The correlation analysis shows that the relationship between emissions and ROA is relatively 
weak with a correlation coefficient of only 0,23 in the correlation matrix (see tabel 7.1 in 
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Correlation Analysis). This also supports the finding that emissions alone do not strongly 
explain variation in financial performance. At the same time, emissions are moderately 
correlated with firm size (0,32), which suggests that larger firms tend to have higher 
emissions. This reinforces the concern that the pooled OLS estimates may reflect underlying 
firm characteristics as opposed to a direct effect of emissions, as the firms differ significantly 
((Xu, Hwan Lee and Ho Eom, 2007; Desai et al., 2021). 
The insignificant results may be due to cross-sectional variation dominating pooled OLS 
estimations. Differences between firms, rather than within-firm changes over time, drive 
these results. Since the research question asks about changes in emissions and financial 
performance within firms, pooled OLS is insufficient because it does not distinguish between 
and within-firm variation (Yousaf, 2025). 
Pooled OLS results show the limitations of ignoring firm heterogeneity in panel dataset 
analysis. Its lack of statistical significance and interpretive power suggests it gives an 
incomplete picture of the emissions-performance relationship. Thus, it serves only as a 
benchmark, further motivating advanced models like fixed effects, which account for 
unobserved firm-specific characteristics.   

 

8.2 Fixed E6ects 
To tackle the limitations identified in the pooled OLS model, this study uses a fixed-effects 
(FE) specification as its primary empirical approach. An advantage of the fixed-effect model 
is its ability to control for unaccounted, time-invariant firm characteristics that may affect 
both carbon emissions and financial performance (Yousaf, 2025, Bjørn, 2016). In the context 
of ESG research, these characteristics include production technology, industry structure, 
managerial practices, and long-term strategic orientation(Desai et al., 2021). By accounting 
for these factors, the model isolates the effect of changes in emissions within firms over time, 
rather than relying on cross-sectional differences between the sample firms  (Yousaf, 2025, 
Bjørn, 2016). 
The estimated model is specified as 

𝑅𝑂𝐴"# = 𝛽$𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑜𝑡𝑎𝑙"# + 𝛽!𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒 + 𝛽%𝐿𝑜𝑔𝐴𝑠𝑠𝑒𝑡𝑠"# + 𝛽&𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦
+ 𝛼" + 𝜀"# 

where it denotes the firm and t the time period. The term 𝛼" captures the firm-specific fixed 
effects, which can effectively remove all time-invariant heterogeneity. As a result, the model 
focuses exclusively on within-firm variation, which can provide a more credible basis for 
identifying the relationship between emissions and financial performance.  
 

8.2.1 Main results 
The estimation results from the fixed effects model show that the coefficient on 
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑜𝑡𝑎𝑙 is positive and statistically significant at the 1% level, with an estimated 
coefficient of approximately 0.00000693 (see tabel 8.2.1 below). This can indicate that, 
holding other factors constant, an increase in emissions is associated with an increase in 
Return on Assets. While the magnitude appears small, this may reflect the scale of the 
emissions variable, which ranges from 162 tonnes to nearly 37 million tonnes in the sample 
(See tabel 6.1 in Sector Analsis). Compared to the pooled OLS model, where emissions were 
insignificant, and the R^2 was only 0.119, the fixed effects model shows an improvement in 
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explanatory power, with an R^2 of approximately 0.21. This suggests that controlling for 
firm-specific effects substantially strengthens the model’s ability to explain variation in 
financial performance (Xu, Hwan Lee and Ho Eom, 2007). 
The positive coefficient implies that, within firms, higher emissions are associated with 
higher profitability. For example, given the large scale of emissions, an increase of 1 million 
tonnes is associated with an increase in ROA of approximately 6,9 percentage points, holding 
other variables constant (Xu, Hwan Lee and Ho Eom, 2007; Bjørn, 2016). This supports the 
interpretation that emissions are closely linked to operational activity (King and Lenox, 
2001).  
Looking at the control variables, leverage is negative and statistically insignificant, with a 
coefficient of approximately -4.425, which indicates that firms with higher debt levels are 
associated with lower profitability (Bjørn, 2016). Whereas firm size (measured by log assets) 
and capital intensity are positive but also statistically insignificant, this suggests that, once 
firm-specific effects are accounted for, the impact on ROA is less pronounced.  
These results show that the relationship between emissions and financial performance 
becomes both statistically and economically meaningful when controlling for unaccounted 
firm heterogeneity. However, the interpretation remains that emissions likely reflect 
underlying production intensity rather than acting as a direct driver of financial performance.  

 
Tabel 8.2.1 Fixed EFects model results 

 

8.2.2 Interpretation of the emissions coefficient  
The emissions have both positive and statistically significant coefficients. This, however, 
should be interpreted carefully, as it does not imply a causal relationship between carbon 
emissions and financial performance. Instead, the results show a within-firm association: 
increases in emissions over time are correlated with increases in ROA. This distinction is 
important, as the fixed effects model isolates changes within firms rather than differences 
across firms.  
One interpretation is that emissions act as a proxy for fundamental economic activity. Firms 
tend to produce higher emissions when their production levels increase, capacity utilisation 
rises, or they expand operations (King and Lenox, 2001). These same factors are directly 
linked to higher revenue and more efficient asset use, as captured by ROA. For instance, 
given an estimated coefficient of approximately 0.00000015, a 1 million-tonne increase in 
emissions is associated with an increase in ROA of about 0.15 percentage points. While 
having a modest magnitude, the relationship is economically meaningful when considering 
the scale of emissions in the dataset.  
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Earlier in the descriptive statistics, it shows that emissions vary substantially across firms, 
ranging from 162 tonnes to nearly 37 million tonnes, with a highly skewed distribution. This 
suggests that changes in emissions are presumably driven by operating scale rather than 
environmental inefficiency alone. The positive coefficients in descriptive statistics can be 
interpreted as indicating the effect of production intensity rather than indicating that higher 
emissions increase financial performance.  
The findings for the fixed effects suggest that emissions reflect firm activity and scale, 
strengthening the need to interpret the coefficient as a correlation driven by core economic 
dynamics instead of a direct causal effect.  
 

8.2.3 Role of Control Variables 
The inclusion of control variables helps to isolate the relationship between emissions and 
financial performance by accounting for other factors that may influence profitability. In the 
fixed-effects model, the three main controls used in this analysis are leverage, firm size, and 
capital intensity.  
Leverage shows a negative and statistically significant coefficient of approximately -4,425 
(table 8.2.1). This suggests that higher debt levels are associated with lower ROA, which is 
consistent with financial theory (King and Lenox, 2001). Increased leverage raises interest 
obligations and financial risk, which can reduce net income and consequently, operational 
performance (Hapsoro and Falih, 2020). It shows that firm size, measured as log assets, has a 
positive but statistically insignificant coefficient of around 0.42. This can indicate that once 
firm-specific effects are controlled for, size does not have a strong independent impact on 
profitability. This is likely because the fixed-effects model already captures much of the 
variation associated with persistent firm scale (Hapsoro and Falih, 2020).  
Capital intensity also appears statistically insignificant, with a coefficient of approximately 
1.87. While firms with large assets are typically expected to have different cost structures and 
emissions levels, the lack of significance suggests that these effects are largely absorbed by 
the firm-fixed effects.  
The control variables behave largely as expected, with leverage standing out as the most 
important determinant of ROA, while firm size and capital intensity play a more limited role 
in explaining within-firm variation in performance.  
 

8.2.4 Economic Interpretation 
Looking at the estimations with an economic perspective, does the positive relationship 
between emissions and ROA reflect the underlying link between production activity and 
profitability, instead of a direct benefit of higher emissions. Firms typically generate more 
emissions when they increase output, expand operations, or utilise assets more intensively. 
These same factors generate higher revenues and improved efficiency, which are captured by 
ROA. This results in emissions being able to be interpreted as an indicator of operations scale 
and activity, rather than a standalone driver of financial performance (Hapsoro and Falih, 
2020). This is consistent with the descriptive evidence, which shows that emissions vary 
substantially across firms and are highly skewed, with a small number of firms accounting for 
extremely large values. Such patterns reflect that emissions are closely tied to the scale of 
operations, especially in industries with high emissions. The estimated coefficients 
consequently only capture the effect of increased economic activity within firms over time 
(Xu, Hwan Lee and Ho Eom, 2007). From a theoretical standpoint, these outcomes are 



Master’s Thesis Maria Jensen June 2026 

 32 

consistent with a neoclassical perspective, in which emissions are treated as by-products of 
production. Firms that produce more generate both higher profits and higher emissions, 
creating a positive correlation between the two variables. At the same time, the results do not 
support a strong negative effect of emission through regulatory costs or performance 
inefficiencies in the short run  (Hapsoro and Falih, 2020). 
The economic interpretation indicates that emissions reflect firm activity rather than 
performance quality, which reinforces the importance of distinguishing between correlation 
and causation in the analysis.  

 

8.2.5 Limitations and Causality 
Despite the advantages of the fixed effects model, these outcomes should not be interpreted 
as causal. While firm fixed effects control for time-invariant heterogeneity, they do not 
eliminate all sources of endogeneity. Reverse causality may be present: more profitable firms 
may increase production, which in turn leads to higher emissions. Additionally, the omitted 
time-varying factors may simultaneously affect both emissions and financial performance 
(Leisner et al., 2023). During this study’s sample period, many firms were affected by either 
increased or slowed production due to COVID-19 regulations. Firms that were mainly 
located in Denmark for weeks were closed down, whereas firms like Møller Mærsk, which is 
also located around the globe, remained operational in some regions (Brøns-Petersen, 2020). 
This introduced some skewness in the results, as their production was highly affected by 
market conditions.  
The relatively small and unbalanced panel (92 observations across firms with varying time 
coverage) may also limit the accuracy of the estimates. The exclusion of Scope 3 emissions 
may understate the total environmental impact of firms, but it is needed for comparability and 
reliability. The results should be interpreted as within-firm correlations, highlighting 
associations rather than causal relationships. 
 

8.2.6 Random Effects and Mundlak  
To ensure the fixed-effect model has the best fit, both random effects (RE) and the Mundlak 
models were considered and tested. However, these models proved not suitable for the 
structure of the dataset. The random effects model relies on the assumption that unobserved 
firm-specific effects are uncorrelated with the explanatory variables, an assumption that 
rarely holds in the ESG context, where factors, such as production technology and firm 
strategy, affect both emissions and financial performance (Handoyo, 2026). 
Given the relatively small and unbalanced panel, consisting of 92 observations across 23 
firms with between 2 and 7 years per firm, this limits the reliability of these models (Hill et 
al., 2019). In practice, the RE estimation resulted in an unstable coefficient and weak 
statistical significance. The Mundlak approach, which requires more observations to produce 
a reliable estimate with sufficient variation to separate within- and between-firm effects, 
would not be reliably estimated due to the limited number of observations per firm (Mundlak, 
1978). Both models ultimately failed to provide meaningful or credible results, which 
reinforces the choice of the fixed-effects model as the primary model.  
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8.2.7 Key takeaways 
The fixed-effects model delivers empirical insight into this research by showing a positive, 
statistically significant relationship between carbon emissions and ROA, once firm-specific 
heterogeneity is controlled for. This differs from the pooled OLS results, which found 
emissions to be insignificant, stressing the importance of using panel data techniques to 
obtain more reliable estimates (Bjørn, 2016). 
One important takeaway is that the relationship is driven by within-firm variation, meaning 
that when emissions increase over time, they are associated with increases in financial 
performance for the same firm. This should not be interpreted as a causal effect, however. 
Instead, emissions appear to act as a proxy for production intensity and economic activity, 
with higher output leading to both higher emissions and improved profitability (Leisner et al., 
2023).  
The results show that leverage has a key role in explaining financial performance, while firm 
size and capital intensity are less influential once fixed effects are included. This suggests 
that financial structure remains an important determinant of profitability, even when 
accounting for environmental factors (CFI, 2024). 
The findings overall emphasise that ignoring firm heterogeneity can lead to misleading 
conclusions and that emissions should be interpreted as an indicator of firm activity instead of 
a direct driver of performance (Tsionas and Kumbhakar, 2012).  
 

8.3 Fixed E6ects with Year E6ects 
To better understand the results and assess the robustness of the main model's findings, the 
fixed-effects model is extended by including year dummy variables to capture time-specific 
effects common to all firms. This enables the model to control for macroeconomic 
conditions, regulatory developments, and other shocks that may influence financial 
performance (Bjørn, 2016). As mentioned in earlier sections, this is especially relevant for 
determining whether COVID-19 market conditions are applicable to this sample period. 
The extended specification is given by: 

𝑅𝑂𝐴"# = 𝛽$𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠"# + 𝛽!𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝛼" + 𝛾# + 𝜀"# 
 

where 𝛾# represents year fixed effects that represent the variation across time that is not 
specific to individual firms. Including this effect ensures that wide economic tendencies do 
not bias the estimation of the relationship between emissions and ROA.  

 

8.3.1 Results of fixed effects with year effects 

The results show that the coefficient on 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑇𝑜𝑡𝑎𝑙 remains significantly positive and 
statistically significant, consistent with the fixed-effects model without year effects. The 
estimate remains close to 0.0000007, indicating that the relationship between emissions and 
financial performance is stable across the fixed-effect-with-year-effects model specifications. 
As previously mentioned, this implies that an increase of 1 million tonnes in emissions 
corresponds to an increase in ROA of approximately 6,8 percentage points, holding other 
factors constant.  
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8.3.1 Fixed-eFect with year eFects results 

The inclusion of year effects results in only a marginal improvement in model fit, with the 
within R^2 increasing slightly from approximately 0.21 to 0.30. This shows that while time 
effects capture some variation in financial performance, their overall contribution is limited 
compared to that of firm-specific factors.  
The model shows that the year dummy variables are mostly insignificant, which, for this 
context, means there are no systematic time trends that affect ROA across the sample period 
from 2018 to 2024. While individual years may experience small fluctuations, the effects are 
not consistent, or they may be too small to meaningfully influence the overall results. This 
implies that macroeconomic conditions, such as business cycles or general shifts in ESG 
regulation, do not appear to be the primary drivers of variation in financial performance 
within the dataset (Bjørn, 2016; Xu, Hwan Lee and Ho Eom, 2007; Yousaf, 2025). 
 

8.3.2 Interpretation 
The persistence of a positive and significant emissions coefficient after including year effects 
provides strong evidence of the robustness of the main findings. It suggests that the 
relationship between emissions and ROA is not driven by common time trends, as expected, 
but instead reflects changes within firms over time (Bjørn, 2016; Yousaf, 2025).  
Therefore, it is important to address a potential concern that the baseline fixed effects 
findings could be affected by external shocks. For example, if a particular period, such as 
post covid-19 recovery or changes in energy prices, has simultaneously increased both 
emissions and profitability, the estimated relationship might simply reflect these wider trends. 
The inclusion of year effects effectively controls for such influences, and the stability of the 
emissions coefficient can indicate that this is not the case (Busch and Lewandowski, 2017; 
Bjørn, 2016). 
Since most year dummies lack significance, this suggests that there is no clear pattern of 
time-specific shocks affecting all firms uniformly. This just reinforces the explanation that 
the relationship is mainly affected by firm-level dynamics, such as changes in production, 
efficiency, or the scale of operations, rather than expected external macroeconomic 
conditions (Bjørn, 2016; Le, Hang Thu Nguyen-Phung and Hang Thu Nguyen-Phung, 2024) 
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8.3.3 Key takeaways 
The fixed effects model with year effects confirms that the main results are stable and 
therefore not driven by specific years or macroeconomic shocks in the sample, which was 
unexpected. The positive, statistically significant relationship between emissions and ROA 
persists, and the inclusion of the year effect slightly improves the model’s explanatory power. 
This strengthens the credibility of the findings and supports the interpretation that emissions 
are linked to firm-level activity rather than external time trends.  

 

8.4 Tobin’s Q Model  
To complete the analysis of accounting-based performance, this study expands the empirical 
framework by estimating a fixed effects model using Tobin’s Q as the dependent variable. 
While ROA captures internal operational efficiency, Tobin’s Q reflects market-based 
valuation, as it incorporates investors' expectations of future profitability and growth (Bond et 
al., 2004). This distinction is important, since it allows for an assessment of whether carbon 
emissions influence not only realised performance, but also how firms are valued by financial 
markets.  

The estimated model follows the identical structure as the main specification: 

𝑇𝑜𝑏𝑖𝑛'𝑠𝑄"# = 𝛽$𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑜𝑡𝑎𝑙 + 𝛽!𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠"# + 𝛼" + 𝛾# + 𝜀"# 

where firm fixed effects (𝛼") and year effects (𝛾#) are included to control for unobserved 
heterogeneity and common time trends. By using the same specification, the results are 
directly comparable to those obtained using ROA, which allows for a consistent evaluation 
throughout performance measures.  
 

8.4.1 Results 

The results of the accounting-based model indicate that the coefficient on 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑇𝑜𝑡𝑎𝑙 is 
statistically insignificant in Tobin's Q. This implies that larger firms tend to have lower 
Tobin's Q ratios relative to their assets. The coefficient is small and not statistically 
significant, indicating that changes in emissions do not systematically affect how investors 
price firms. 
Firm size (given log assets) has a strong negative and statistically significant effect on 
Tobin’s Q. This implies that larger firms tend to have lower market valuation relative to their 
assets. The scale of these effects is economically meaningful, which suggests that size plays a 
larger role than emissions in explaining variation in market-based performance (Morck, 
Shleifer and Vishny, 1986; Hapsoro and Falih, 2020) 
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.  
8.4.1 Tobin's Q Result  

The model's explanatory power is also lower than under the ROA specification, as reflected 
in the lower R^2. This indicates that the included variables, particularly emissions, are less 
effective in explaining variation in market valuation than in accounting performance (Miah, 
Hasan and Usman, 2021). 

  
8.4.2 Interpretation 
The absence of a significant relationship between emissions and Tobin’s Q suggests that 
financial markets do not clearly price carbon emissions within the sample. One explanation 
can be that investors do not perceive emissions as financially material in the short run, 
primarily in the context of the Danish OMXC25, where firms may already operate under 
relatively strict environmental regulations (Folketinget Eu-Oplysningen and Pers Kaltoft, 
2026). This might be different with a larger dataset and a longer time period (Blanco, Caro 
and Corbett, 2020).  
Another explanation can be that it is possible that ESG-related information, including 
emissions, is already incorporated within more comprehensive firm assessments, making its 
direct effect difficult to isolate. Investors may consider sustainability as part of a wider 
evaluation of firm quality, governance, or long-term strategy, rather than responding directly 
to emissions levels (Desai et al., 2021). 
The strong negative effect of firm size provides additional interpretation of market behavior. 
Larger firms may be associated with lower growth expectations, as they are often more 
mature and operate in established markets. As a result, investors may assign lower valuation 
multiples to these firms, leading to a negative relationship between size and Tobin’s Q. This 
interpretation is consistent with financial theory, which holds that high-growth firms tend to 
have higher market valuations relative to their assets (Zhang, 2017). 
 

8.4.3 Key Takeaways 
The Tobin’s Q results present a clear contrast with the ROA findings, where emissions are 
positively associated with accounting-based performance, but they do not appear to affect 
market valuation. This suggests a disconnect between operational performance and investor 
assessment, where emissions reflect firm activity but are not directly perceived by financial 
markets.  
The empirical analysis shows a consistent pattern across model specifications. The pooled 
OLS results provide no evidence of a relationship between emissions and financial 
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performance, illustrating the limitations of ignoring firm heterogeneity. Once this is handled 
through fixed-effects estimation, a positive and statistically significant relationship appears 
between emissions and ROA, which indicates that an increase in emissions within firms is 
associated with higher operational profitability (Oestreich and Tsiakas, 2024). This result 
remains strong when year effects are included, suggesting it is not driven by macroeconomic 
conditions or specific time periods. Whereas the Tobin’s Q model shows that emissions are 
statistically insignificant in explaining market valuation, while firm size has a strong negative 
effect. These differences point to the fact that emissions are linked to internal firm activity 
but are not clearly priced by investors (Miah, Hasan and Usman, 2021; King and Lenox, 
2001) 
The findings show that there is a need to distinguish between accounting-based and market-
based performance, where emissions appear to reflect production intensity rather than being 
perceived as a financial risk or value driver. Before drawing firm conclusions, it is necessary 
to assess whether these results are affected by potential econometric issues. The following 
section, therefore, examines a series of diagnostic tests to evaluate the validity along with 
reliability of the estimated models.  

 

9. Diagnostics 
Before moving to interpreting the regression results, it is necessary to evaluate whether the 
key econometric assumptions are satisfied. Violations of these assumptions may lead to 
biased or inefficient estimates and, therefore, unreliable statistical inference. This is relevant 
in panel data settings, where both cross-sectional and time-series aspects can cause additional 
issues. This section will therefore examine three main diagnostic issues that affect the data: 
multicollinearity, heteroskedasticity, and autocorrelation (Okolie and Olanrewaju, 2025). The 
tests provide insights about potential weaknesses in the model specification. The results of 
these tests will indicate which adjustments should be implemented to ensure the estimated 
coefficients and their significance levels remain reliable, including the use of robust and 
clustered standard errors (Okolie and Olanrewaju, 2025). 
 

9.1 Multicollinearity 
Testing for multicollinearity in these explanatory variables will ensure the reliability of the 
model’s estimated coefficients. When there is multicollinearity, it means that two or more 
independent variables are highly correlated, which can increase the standard errors and 
thereby reduce the precision of the coefficient estimates. As a result, it becomes difficult to 
isolate the individual effect of each variable on the dependent variable, even if the overall 
model fit remains acceptable (CFI, 2022). 
The Variance Inflation Factor (VIF) is used to evaluate this issue; it is calculated for each 
independent variable based on the pooled OLS specification. The VIF measures the extent to 
which the variance of a coefficient is increased by multicollinearity. In empirical research, a 
VIF value above 10 is typically considered a strong indication of multicollinearity, while a 
conservative perspective suggests such values above 5 may already be problematic (CFI, 
2022). All computed VIF values are well below 2, showing a very low level of correlation 
among the explanatory variables, including emissions, leverage, firm size, and capital 
intensity. These results suggest that the independent variables capture district-level aspects of 
firm characteristics and are not linearly dependent on one another.  
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Given the inclusion of firm-level controls, which are often correlated in corporate finance 
settings (Desai et al., 2021). It is important to consider multicollinearity. For example, firm 
size and leverage may move together in some cases, but this does not appear to be 
problematic in the sample dataset. The estimated coefficients can therefore be interpreted 
with confidence, as they are not driven by unstable or inflated standard errors caused by 
multicollinearity.  

 
9.2 Heteroskedasticity 
Regression analysis also has an assumption concerning homoskedasticity, which tests 
whether the variance of the error term remains constant across observations. If this 
assumption is violated, heteroskedasticity may arise, causing inefficient estimates and biased 
standard errors. This can ultimately affect hypothesis testing by overstating or understating 
the statistical significance of coefficients (Stock and Watson, 2008). 
To test for heteroskedasticity, the Breusch-Pagan (BP) test is applied to the pooled OLS 
model. The null hypothesis for this test assumes that there is constant variance of the 
residuals, while a rejection of the null hypothesis indicates heteroskedasticity. The test results 
show a p-value of 0.3723, which is above the significance levels. The null hypothesis can 
therefore not be rejected, and it suggests no strong statistical evidence of heteroskedasticity in 
the model. This, however, does not fully guarantee that there is no heteroskedasticity, 
especially in panel datasets in which cross-sectional differences across firms may still lead to 
variation in error terms. Firms in the OMXC25 differ substantially in size, industry, and 
emissions levels, which may lead to underlying heterogeneity that is not completely captured 
by the model (Stock and Watson, 2008).  
Robust standard errors are applied in the fixed-effects estimation to deal with the underlying 
heterogeneity. This approach is recommended in similar panel data research, as it provides 
consistent standard errors that are even with heteroskedasticity or other forms of model 
specification errors (Stock and Watson, 2008; Bjørn, 2016). The analysis ensures statistical 
conclusions remain valid and not excessively dependent on classic strict assumptions by 
adopting robust inference.  
 

9.3 Autocorrelation 
With panel data, it is also important to consider the possibility of autocorrelation, which 
occurs when the error terms are correlated over time within the same cross-sectional unit. 
Autocorrelation implies that shocks affecting a firm in one period may persist into subsequent 
periods. If autocorrelation is present, it violates the classic regression assumption of 
independent error terms, which can lead to underestimated standard errors and misleading 
inference. To test for autocorrelation, the Breusch-Godfrey / Wooldridge test for serial 
correlation in panel models is used (Drukker, 2003). The null hypothesis assumes that there is 
no autocorrelation in the idiosyncratic error term. The test shows a p-value of 0,0817, which 
is not statistically significant at the 5 percent level but is, however, significant at the 10 
percent level. This result can suggest weak evidence of autocorrelation in the dataset. While 
the evidence is not strong enough to completely confirm the presence of serial correlation, it 
indicates that the assumption of no autocorrelation may not fully hold (Drukker, 2003; Bjørn 
2016). Given the relatively short time period of the panel data and the persistence generally 
observed in firm-level financial data, this result is not unexpected. Variables such as 
profitability and emissions are passive over time, which may translate toward correlated error 
terms.  
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The empirical analysis uses clustered standard errors at the firm level in the fixed-effects 
model to address the issue. This correction addresses both heteroskedasticity and within-firm 
correlation, and fits the panel dataset. The estimated standard errors are thereby more robust, 
and the statistical significance of the coefficients can be interpreted with confidence 
(Petersen, 2009). 

 
9. Diagnostics results  

The diagnostic tests indicate that the model performs well and largely satisfies the underlying 
assumptions. There is no evidence of multicollinearity, as all VIF values are low and the 
Breusch-Pagan test does not detect heteroskedasticity. There is, however, mild evidence of 
autocorrelation, suggesting some persistence in the error term over time. Clustered robust 
standard errors are applied in the fixed effects model to address this. This approach makes 
certain that statistical inference remains valid even with minor deviations from classic 
assumptions and strengthens the credibility of the findings.  
 

10. Robustness Checks 
To ensure the model's results are reliable, a series of robustness checks is performed. These 
tests evaluate whether the main results are sensitive to alternative model specifications, 
variable constructions, and sample adjustments. Given the challenges in ESG and emissions 
data, such as inconsistencies in measurement/reporting and the possibility of extreme outliers, 
it is important to test that the estimated relationship is not driven by specific assumptions or 
data choices. The robustness checks include alternative definitions of the emissions variable, 
adjustments to the sample composition, and a cross-sectional specification. These approaches 
create a comprehensive assessment of the stability of the results and strengthen the credibility 
of the empirical conclusions.  

 
10.1 Alternative Variables 
An alternative specification of the emissions variable is applied to evaluate the robustness of 
the main results. The model includes emissions measured in absolute terms as the sum of 
Scope 1 and Scope 2 emissions; however, this measure may be influenced by firm size and 
industry characteristics (Schüder and Zülch, 2026). To test whether the results depend on 
how emissions are defined, alternative constructions are introduced. 
The first main alternative variable is emissions intensity, calculated as the total emissions 
scaled by firm size (see appendix tabel 2). The emissions intensity reflects how 
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efficiently firms manage their emissions relative to their financial results (Miah, Hasan and 
Usman, 2021). The results from this specification show that emission intensity is not 
statistically significant, meaning that the relationship is weaker when emissions are already 
adjusted for firm scale. This can indicate that total emissions capture effects related to firm 
size are not present in intensity measures. The other specification uses a logarithmic 
transformation of total emissions. The transformation reduces the skewness in the results and 
thereby limits the influence of extreme values, but even with this change, the coefficient for 
log emissions remains statistically insignificant (Dambolena, Eriksen and Kopcso, 2009). 
This can indicate that the relationship between emissions and financial performance is 
sensitive to the measurement of the key independent variable. The inconsistency in 
significance across all the specifications with alternative variables indicates some instability 
in the model. It suggests that the observed relationship in the model may depend on how 
emissions are defined and used.  

 
Tabel 10.1. Robustness Checks results 

 

10.2 Sample Adjustment 
To further examine the robustness of the main findings, a sample adjustment is performed by 
excluding Mærsk from the dataset. This adjustment is motivated by the fact that Mærsk is 
much larger and is more carbon-intensive than most other firms in the sample, mainly due to 
its operations in the transport sector. This results in Mærsk being an outlier and 
disproportionately influencing the model’s estimate of the relationship between carbon 
emissions and financial performance (Oestreich and Tsiakas, 2024). 
With the extreme values observed in emissions data, especially within the transport industry, 
it is important to ensure that the main results are not driven by a single dominant observation 
(Dimitra Lekaki et al., 2024). By excluding Mærks, the analysis tests whether the identified 
relationship holds across the remaining firms in the OMXC25 index. The results from the 
sample excluding Mærsk show that the coefficient on emissions remains statistically 
significant and of similar magnitude to that in the fixed effects model (Hernandez-Vega, 
2025). This can therefore indicate that the main findings are not only driven by the inclusion 
of Mærks and are instead representative of a more extensive relationship across the sample 
firms. It supports the credibility of the results from the fixed-effect model, as it confirms that 
the observed relationship isn't only the result of extreme observations from Mærsk. It 
suggests that the findings are relatively stable across multiple sample compositions, thereby 
increasing the model's validity.  
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10.3 Cross-Section Model of 2024 
Another robustness check made is a cross-sectional regression that is estimated using only 
observations from the year 2024, as there is data from all firms that year. Unlike the panel 
models used in the main analysis, this specification removes the time dimension and focuses 
solely on variation across firms within a single year. This tests whether the relationship 
between carbon emissions and financial performance can be identified without experiencing 
within-firm variation over time (Yousaf, 2025).  
The cross-sectional results show that the coefficient on emissions is not statistically 
significant. The control variables do not have significant effects either. The overall model fit 
is weak, as reflected in the low explanatory power and insignificant F-statistics (Bolton and 
Kacperczyk, 2021; Yousaf, 2025). These results indicate that, in a single-year setting, there is 
no clear relationship between emissions and financial performance between firms. The result 
differs from the regular fixed-effects model, which finds emissions to be statistically 
significant (Oestreich and Tsiakas, 2024). The difference illustrates the importance of the 
panel structure, which allows the analysis to control for unobserved firm-specific 
characteristics and to use variation within firms over time. In the cross-sectional model, these 
effects remain unaccounted for, possibly resulting in omitted variable bias and weaker 
statistical power.The limited number of observations in the cross-section reduces the ability 
to detect significant relationships. Combined with substantial heterogeneity across firms in 
terms of size, industry, and emissions levels, it weakens the explanatory power of the model 
(Hapsoro and Falih, 2020). The lack of significance in the cross-sectional analysis shows that 
the relationship between emissions and financial performance is not driven by differences 
across firms at a given point in time. It reinforces the importance of longitudinal variation and 
supports the use of panel data methods in the main analysis (Hernandez-Vega, 2025), 
The robustness checks provide overall mixed evidence in relation to the stability of the main 
results. While the exclusion of extreme observations does not alter the findings, alternative 
variable specifications and the cross-sectional model do not yield statistically significant 
results. This suggests that the relationship between emissions and financial performance is 
sensitive to model specification and data structure. The lack of significance in the cross-
sectional analysis shows the importance of the panel framework, which captures within-firm 
variation over time. The results will be discussed and interpreted in the next section. 
 

11. Discussion  
This section of discussion will interpret the findings of the analysis, focusing on relating 
these to the theoretical framework and existing literature. While the regression results provide 
initial evidence of a relationship between carbon emissions and financial performance, their 
robustness and consistency remain limited. Thus, a discussion is necessary to assess the 
underlying drivers of the results and their wider implications. The section of discussion is 
structured in four parts. The first part includes the main results and their potential 
explanations. The second part evaluates the results in relation to the theoretical framework 
introduced in the literature review: neoclassical, stakeholder, and legitimacy perspectives. 
The third part includes how the findings compare to the existing literature, and lastly, going 
into a deeper discussion of interpretation and limitations, including issues related to 
causality.  
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11.1 Main Findings 
The empirical analysis shows a positive, statistically significant relationship between carbon 
emissions and financial performance, as measured by Return on Assets (ROA), in the fixed-
effects model. These results suggest that, within firms over time, increases in emissions are 
associated with higher levels of profitability. At first glance, these findings may appear 
counterintuitive, especially given theoretical arguments linking environmental performance 
to improved financial outcomes. The results, however, must be interpreted in the context of 
firm characteristics and the dataset's structure (Wendy et al., 2026). 
One explanation for the noted positive relationship is that emissions are closely tied to firm 
scale and production intensity. Larger and more productive firms tend to generate higher 
levels of emissions because they operate at a greater capacity. Emissions may act as a proxy 
for economic activity instead of a direct measure of (in)efficiency, as well as poor 
environmental performance. Firms with higher output, larger operations, and greater market 
positioning are likely to report both higher emissions and stronger financial performance 
(Trinks, Mulder and Scholtens, 2020). As a result, the positive coefficient may reflect 
underlying differences in firm size, productivity, and revenue generation instead of a direct 
effect of emissions on profitability. This interpretation is further supported by the 
composition of the sample, which includes firms scattered across a broad spectrum of sectors 
with varying levels of carbon intensity. Industries such as transportation and manufacturing 
naturally produce higher emissions due to their operational characteristics, while also creating 
substantial revenues (Galaviz and Kabir, 2024). The relationship between emissions and 
financial performance may, as a result, be driven by sector and organisational factors, where 
high-emission forms typically cohere with greater financial performance and better resource 
application. 
The robustness checks reveal that this relationship is not stable across alternative 
specifications despite the statistical significance observed in the main fixed effects model. 
When emissions are redefined using alternative measures, such as emissions intensity or 
logarithmic transformations, the estimated coefficients become statistically insignificant. This 
variation suggests that the relationship between emissions and financial performance is 
sensitive to how the key independent variable is constructed.  
The significance of emissions intensity is particularly informative, as this measure adjusts 
emissions relative to firm size. If emissions truly had a strong and consistent effect on 
financial performance, one would expect this relationship to persist even after controlling for 
scale. The insignificance implies that the main result may be driven by absolute differences in 
firm size rather than emissions per se. The use of log-transformed emissions, which reduces 
the influence of extreme values and addresses skewness in the data, also fails to produce 
significant results. This can also indicate that the main findings may be influenced by outliers 
of non-linearities in the emissions distribution.  
A key factor adding to this instability is the inherent limitation of ESG and emission data. 
Unlike financial data, which is generally standardised and subject to strict reporting 
requirements, emissions data are often based on varying methodologies and disclosure 
practices (Papadopoilos, 2022). Firms differ in how they measure, estimate, and report their 
emissions, which introduces measurement error and reduces comparability across 
observations. Such irregularities can weaken the reliability of the estimated relationships and 
make the results sensitive to alternative specifications.  
The relatively short time period in the dataset also creates a limitation. The sample period 
from 2018-2024 captures only a limited window of time during which structural changes in 
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environmental regulation and corporate behavior may still be evolving (Busch and 
Lewandowski, 2017). Panel data models rely on sufficient variation over time to identify a 
solid relationship, and the short time span may restrict the ability to capture changes in the 
long term between emissions and financial performance. This limitation reduces the statistical 
power and may contribute to the shortfall of consistent findings among different model 
specifications.  
Taken together, these results imply that while the main fixed effects model identifies a 
statistically significant relationship, this finding should be interpreted with caution. The 
sensitivity of the results to variable construction, combined with data limitations and the short 
time horizon, can indicate that the relationship between carbon emissions and financial 
performance is not stable or robust through different analytical approaches. Rather than 
pointing to a clear and consistent effect, the findings show the complexity of the relationship 
and the importance of measurement choices in ESG research.  
 

11.2 Linking to the theoretical framework 
The findings from the regression analysis can be interpreted through the perspective of the 
theoretical framework, which includes neoclassical theory, stakeholder theory, and legitimacy 
theory. Each of these perspectives offers three different explanations of how environmental 
performance is expected to be related to financial outcomes. The results of this study do not 
provide support for a single theoretical framework. Instead, it points toward a more nuanced 
and dependent on the Danish context to explain the relationship.  
The results are broadly consistent with the neoclassical theoretical anticipations. Neoclassical 
theory assumes that firms operate with the goal of maximising profit and that environmental 
performance is primarily viewed as a cost factor. Investments in emissions reduction, cleaner 
technology, or new sustainability initiatives are therefore expected to create additional costs 
that may reduce profitability, at least in the short term (Dreyer, Guenster and Koegst, 2019). 
In this framework, higher emissions are not necessarily indicative of sustainable inefficiency 
but rather signs of greater production activity and output. The positive and statistically 
significant relationship observed in the main fixed effects model is consistent with this 
interpretation. Firms that emit more carbon are also those that produce more, operate at a 
larger scale, and therefore generate higher revenues. Emissions serve as a proxy for economic 
activity rather than environmental irresponsibility. The findings therefore suggest that, during 
the observed time period, firms do not appear to be financially rewarded for reducing 
emissions. Instead, higher emissions are associated with higher financial performance, which 
is consistent with the idea that environmental constraints may represent a cost rather than a 
value driver.   
The explanatory power from this neoclassical perspective is limited by the lack of robustness 
in the results. When the alternative measures of emissions are applied, the relationship 
appears statistically insignificant. This indicates that while the main findings are consistent 
with neoclassical predictions, they are not sufficiently stable to provide strong empirical 
support for the theory. The results may instead reflect underlying firm characteristics, such as 
size and productivity, instead of a direct causal relationship.  
Another theory of consideration is stakeholder theory; which predicts a different relationship 
between environmental and financial performance. According to this framework, firms that 
engage in environmentally responsible behavior are expected to benefit from improved 
relationships with key stakeholders, including customers, investors, regulators, and the 
broader public. According to this theory, lower emissions and stronger environmental 
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performance should therefore strengthen their reputation, reduce risk, and lead to better 
financial outcomes (Koskinen, Lu and Nguyen, 2024). The results of this research do not 
provide strong support for this perspective. If stakeholder theory were the dominant theory, 
there would be an expectation of a negative relationship between emissions and financial 
performance, or at least evidence that lower emissions are associated with higher 
profitability. The main results show the opposite pattern, and the robustness checks fail to 
identify a significant relationship when alternative measures are used. The evidence is 
lacking, and it weakens the argument that environmental performance is systematically 
rewarded in financial markets within the sample period. One possible explanation is that the 
benefits associated with stakeholder engagement and improved environmental performance 
may materialise over a longer time horizon than captured in the dataset. An alternative is that 
it may reflect the fact that investors and shareholders do not incorporate emissions into their 
decision-making, or that these effects vary across industries and contexts. This results in 
stakeholder theory supplying a compelling conceptual framework, but it is not strongly 
supported by the regression analysis and robustness checks.  
Legitimacy theory delivers a more flexible explanation of the observed results, particularly 
the weak and inconsistent relationships across model specifications. According to the 
legitimacy theory framework, firms seek to maintain legitimacy through aligning their actions 
with societal expectations and norms. Environmental performance plays an important role in 
this process, as firms may face pressure to reduce emissions and demonstrate responsible 
behavior. Legitimacy theory does, however, also suggest that financial market reactions to 
environmental performance may be asymmetric (Ahn, Cho and Cho, 2025). Firms with high 
emissions may be penalised if they are perceived as violating societal expectations, but 
improvements in environmental performance may not necessarily be rewarded to the same 
extent. This asymmetry can result in weak or statistically insignificant relationships, as the 
positive and negative effects may offset each other in aggregate analyses (Ahn, Cho and Cho, 
2025).  
The model results are consistent with this interpretation. The robustness checks’ 
insignificance across all the alternative specifications suggests that the relationship between 
emissions and financial returns is not linear. Rather than a clear positive or negative effect, 
the results show that the impact of emissions may depend on how stakeholders perceive and 
react to firm behavior. In some cases, high emissions may not lead to instant financial 
penalties, while in other cases, improvements may not generate measurable financial 
benefits.  
The theoretical analysis points out that no single framework can fully explain the observed 
results. The main model's results agree most closely with neoclassical theory, but it is not 
strong when performing the robustness checks. In turn, stakeholder theory receives limited 
empirical support, while legitimacy theory gives another explanation for the mixed and 
inconsistent results. The findings overall suggest that the relationship between emissions and 
financial performance is too complex and cannot be completely captured by a single 
theoretical perspective. 
 

11.3 Comparison to existing literature and Interpretation. 
The findings are overall consistent with the existing literature, which have likewise provided 
mixed evidence on the relationship between environmental performance and financial 
performance. Existing research does not have a single simple conclusion; some studies 
identify a negative relationship, which suggests that higher emissions reduce firm 
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performance, while others report positive or insignificant effects (Wendy et al., 2026). When 
there is a mixed result, it reflects the differences in data, methodologies, and variable 
definitions across studies. The results in this research are consistent with the broad pattern in 
the literature, as they do not provide clear and consistent evidence of a stable relationship 
between emissions and financial performance (Wendy et al., 2026).  
The positive and significant result observed in the fixed effects model is, however,  in line 
with other studies that emphasise the role of firm scale and production intensity, where higher 
emissions are associated with greater economic activity and profitability. While there is still a 
lack of robustness across the chosen alternative specifications, this supports the findings from 
other studies that fail to detect a statistically significant relationship once measurement 
approaches are adjusted. Together, the results reinforce the view that the relationship between 
emissions and financial performance is not universal, but it instead depends on certain 
context and methodology choices. The results suggest that the relationship is highly context-
dependent and sensitive to model specification. Changes in how emissions are measured, 
such as using intensity measures or logarithmic transformations, lead to different conclusions 
based on the statistical significance. Therefore, the variable construction suggests that the 
findings in this area may be driven as much by methodological decisions as by underlying 
economic relationships. Furthermore, firm-specific characteristics, such as size, industry, and 
operational structure, are likely to play a central role in affecting both emissions and financial 
performance, which complicates the approach to identify a direct link between the two.  
The analysis does not establish a strong causal relationship. The observed associations may 
reflect reverse causality, where profitable firms have greater resources and therefore generate 
higher emissions through expanded operations. Omitted variable bias may also be present if 
the relevant factors influencing both emissions and performance are not completely captured 
in the model. These results in the findings should be interpreted as correlations instead of 
evidence of causation (Soytas, Denizel and Durak Usar, 2019).  
To summarise, the analysis presents an inconclusive relationship between carbon emissions 
and financial performance. While the fixed effects model implies a positive association, this 
result does not remain strong when conducting the robustness test with alternative 
specifications. The findings supply partial support for neoclassical theory, while offering 
limited evidence for stakeholder-based arguments and an increasingly nuanced accordance 
with legitimacy theory. The results overall are consistent with the mixed evidence in the 
existing literature and point out the importance of context, measurement, and model design. 
Given the potential for reverse causality and omitted variable bias, the analysis does not 
establish a clear causal link. Instead, it underscores the need for careful interpretation and 
suggests that future research should focus on improved data quality and longer time horizons 
to better capture the relationship between environmental and financial performance.  
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12. Conclusion  
This research examines the relationship between carbon emissions and financial performance 
among firms in the OMXC25 index over the period 2018-2024. Using panel data methods, 
the analysis has aimed to determine whether environmental performance is reflected in firm 
profitability, while taking into account firm-specific characteristics and potential econometric 
issues. The findings add to a continuing debate in the literature, where empirical evidence 
remains mixed and context-specific. 

 
12.1 Findings 
The results from the regression analysis indicate a weak and inconsistent relationship 
between carbon emissions and financial performance. The main fixed effects model identifies 
a positive and statistically significant association between emissions and Return on Assets 
(ROA), which suggests that within firms over time, higher emissions are linked to higher 
profitability. When running the robustness checks, the model specifications do, however, not 
show the same significance. When emissions are measured using alternative measures, such 
as emissions intensity or logarithmic transformations, the relationship is statistically 
insignificant. This is also the case for the cross-sectional analysis for 2024, which likewise 
does not reveal any significant effects. These results indicate that the observed relationship is 
sensitive to both variable construction and model specification.  
The overall findings do not support a clear or stable relationship between emissions and 
financial performance. They indicate that the results are driven mainly by the fixed effects 
specification and may reflect underlying firm characteristics rather than an actual direct 
relationship.  

 
12.2 Implications 
The results have several implications for both investors and firms. For investors, the results 
suggest that carbon emissions are not clearly or consistently priced in financial performance, 
at least within the market sample and time period considered. The insignificance of the 
robustness check implies that emissions alone may not serve as a reliable indicator of firm 
profitability. This may reflect that ESG information is not fully integrated into the investment 
decisions, or it may vary in relevance among the industries. Whereas for the firms, the results 
show no strong evidence that higher emissions counts get penalised; at least in the short term. 
While this does not imply that emissions are simply irrelevant, it suggests that firms are not 
systematically rewarded or penalised for their environmental performance in terms of 
profitability within the examined period. This may reduce instant financial incentives for 
emissions reduction, especially in industries where emissions are closely tied to main 
operations.  

 
12.3 Limitations 
The study has several limitations that should be acknowledged when interpreting the results 
from the model. These are also mentioned in the analysis. The first main limitation that 
affects the results is the sample size, which is relatively small, consisting of 23 firms, limiting 
the capability of generalising the findings. The focus on large Danish firms may not represent 
broader patterns throughout different markets in Europe or firm types. Another limitation is 
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that the dataset represents an unbalanced panel dataset, with varying time observations 
among firms. This may affect the consistency of the estimates and reduce the ability to 
thoroughly capture the panel structure. The third limitation is that the quality of ESG and 
emissions data is still a significant concern. There can be differences in reporting standards, 
measurement methodologies, and data availability that can create potential measurement 
errors. Compared to financial data, emissions data is less standardised, which may weaken 
the reliability of the results and can contribute to the missing robustness across the different 
specifications used.  

 
12.4 Future Research 
Future research can build on this study by tackling the aforementioned limitations and 
extending the analysis in different directions. One way of tackling the limitations could be by 
including Scope 3 emissions, which capture indirect emissions throughout the value chain 
and represent a considerable share of total corporate emissions. Including these data in future 
research would deliver a more comprehensive measure of environmental impact. Another 
would be by extending the time horizon, which would allow for the analysis of long-term 
dynamics, along with improving the ability to detect a persistent relationship. A longer time 
horizon could also capture structural changes in regulation, investor behavior, and corporate 
sustainability strategies.  
While the study concludes that there is no significant pattern to be detected between carbon 
emissions and financial performance due to the…, it does highlight the need for further 
research on the asymmetric relationship of these. This study shows the complexity of the 
relationship between environmental and financial performance. While some evidence of a 
positive association is found, it is not robust or consistent, and it is important not to draw 
complete interpretations as they are not strongly significant. The results reinforce the need for 
improved data quality, more enhanced methodologies, and a longer-term perspective in future 
research on ESG and firm performance.   
 

 
 

 
 

 
 

 
 

 



Master’s Thesis Maria Jensen June 2026 

 48 

13. Reference List 
Ahn, S., Cho, T.S. and Cho, C.K. (2025). Stock Market Reaction to Environmental 
Performance: The Role of Organizational Reputation as an Interpretive Lens. Organization & 
Environment, 38(3), pp.440–470. doi:https://doi.org/10.1177/10860266251347359. 

Aik, N.C. (2024). RETHINKING CORPORATE PRIORITIES: THE SURGE OF ESG 
INVESTING AND GREENWASHING RISKS. Fokus Ekonomi : Jurnal Ilmiah Ekonomi, 
19(1), pp.1–9. doi:https://doi.org/10.34152/fe.19.1.1-9. 

Appunn, K. and Wettengel, J. (2024). Understanding the European Union’s Emissions 
Trading System. [online] Clean Energy Wire. Available at: 
https://www.cleanenergywire.org/factsheets/understanding-european-unions-emissions-
trading-system [Accessed 14 Mar. 2026]. 

Arellano, M. and Bover, O. (1995). Another look at the instrumental variable estimation of 
error-components models. Journal of Econometrics, 68(1), pp.29–51. 

Aydogmus, M., Gulay, G. and Ergun, K. (2022). Impact of ESG Performance on Firm Value 
and Profitability. Borsa Istanbul Review, [online] 22(2), pp.S119–S127. 
doi:https://doi.org/10.1016/j.bir.2022.11.006. 

Beatty, T. and Shimshack, J.P. (2010). The Impact of Climate Change Information: New 
Evidence from the Stock Market. The B.E. Journal of Economic Analysis & Policy, 10(1). 
doi:https://doi.org/10.2202/1935-1682.2374. 

Bell, A. and Jones, K. (2015). Explaining Fixed Effects: Random Effects Modeling of Time-
Series Cross-Sectional and Panel Data. Political Science Research and Methods, [online] 
3(1), pp.133–153. doi:https://doi.org/10.1017/psrm.2014.7. 

Bjørn, E. (2016). Unbalanced panel data: Methods and Applications. In: Ecometrics of Panel 
Data: Methods and Applications. Oxford University Press, pp.287–316. 

Blanco, C.C., Caro, F. and Corbett, C.J. (2020). Do carbon abatement opportunities become 
less profitable over time? A global firm-level perspective using CDP data. Energy Policy, 
138, p.111252. doi:https://doi.org/10.1016/j.enpol.2020.111252. 

Bock, L., Thun, T.W. and Zülch, H. (2025). Do good and talk about it: The impact of investor 
relations quality on ESG ratings. Finance Research Letters, 75, p.106839. 
doi:https://doi.org/10.1016/j.frl.2025.106839. 



Master’s Thesis Maria Jensen June 2026 

 49 

Bolton, P. and Kacperczyk, M. (2021). Do Investors Care about Carbon Risk? Journal of 
Financial Economics, 142(2), pp.517–549. doi:https://doi.org/10.1016/j.jfineco.2021.05.008. 

Bond, S., Klemm, A., Rain Newton-Smith, Syed, M.H. and Vlieghe, G.W. (2004). The roles 
of expected profitability, Tobin’s Q and cash flow in econometric models of company 
investment. IFS: London. doi:https://doi.org/10.1920/wp.ifs.2004.0412. 

Brøns-Petersen, O. (2020). How much will the shutdown of the Danish economy during the 
corona crisis cost? | CEPOS. [online] CEPOS. Available at: https://cepos.dk/artikler/how-
much-will-the-shutdown-of-the-danish-economy-during-the-corona-crisis-cost/ [Accessed 21 
May 2026]. 

Busch, T. and Lewandowski, S. (2017). Corporate Carbon and Financial Performance: A 
Meta-analysis. Journal of Industrial Ecology, 22(4), pp.745–759. 
doi:https://doi.org/10.1111/jiec.12591. 

CFI (2022). Variance Inflation Factor (VIF). [online] Corporate Finance Institute. Available 
at: https://corporatefinanceinstitute.com/resources/data-science/variance-inflation-factor-vif/. 

CFI (2024). Financial Leverage. [online] Corporate Finance Institute. Available at: 
https://corporatefinanceinstitute.com/resources/commercial-lending/financial-leverage/ 
[Accessed 25 Mar. 2026]. 

CFI (2022). Return on assets & ROA formula. [online] Corporate Finance Institute. Available 
at: https://corporatefinanceinstitute.com/resources/accounting/return-on-assets-roa-formula/ 
[Accessed 2 Mar. 2026]. 

Coleman, C.D. (2022). The Importance of Variable Importance. arXiv (Cornell University). 
doi:https://doi.org/10.48550/arxiv.2212.03289. 

Cornell, B. (2020). ESG preferences, risk and return. European Financial Management, 
27(1). doi:https://doi.org/10.1111/eufm.12295. 

Dambolena, I.G., Eriksen, S.E. and Kopcso, D.P. (2009). Logarithmic Transformations in 
Regression: Do You Transform Back Correctly? PRIMUS, 19(3), pp.280–295. 
doi:https://doi.org/10.1080/10511970802234976. 

Danmarks National Bank (n.d.). ESG. [online] Government Debt. Available at: 
https://www.nationalbanken.dk/en/government-debt/investor-relations/esg [Accessed 23 Mar. 
2026]. 



Master’s Thesis Maria Jensen June 2026 

 50 

Dansk Industri (2025). Hvad er ESG? - DI. [online] @DanskIndustri. Available at: 
https://www.danskindustri.dk/vi-radgiver-dig/personale/nyhedsarkiver---
personaleforhold/nyheder-om-virksomhedsudvikling/2025/5/esg---hvad-er-det-og-hvordan-
kommer-du-i-gang/ [Accessed 6 May 2026]. 

Deloitte (2025). Comparison of Significant Sustainability-Related Reporting Requirements 
(May 13, 2025). [online] Deloitte.com. Available at: 
https://dart.deloitte.com/USDART/home/publications/deloitte/sustainability-
spotlight/2025/sustainability-related-reporting-requirements-and-standards [Accessed 30 Apr. 
2026]. 

Desai, R., Raval, A., Baser, N. and Desai, J. (2021). Impact of carbon emission on financial 
performance: empirical evidence from India. South Asian Journal of Business Studies, 
[online] 11(4). doi:https://doi.org/10.1108/SAJBS-10-2020-0384. 

Dimitra Lekaki, Matina Kastori, Papadimitriou, G., Giorgos Mellios, Guizzardi, D., Muntean, 
M., Crippa, M., Oreggioni, G. and Leonidas Ntziachristos (2024). Road transport emissions 
in EDGAR (Emissions Database for Global Atmospheric Research). Atmospheric 
Environment, 324, pp.120422–120422. doi:https://doi.org/10.1016/j.atmosenv.2024.120422. 

Ditlev-Simonsen, C.D. (2021). Sustainability and Finance: Environment, Social, and 
Governance (ESG). A Guide to Sustainable Corporate Responsibility, pp.189–206. 
doi:https://doi.org/10.1007/978-3-030-88203-7_9. 

Drempetic, S., Klein, C. and Zwergel, B. (2020). The Influence of Firm Size on the ESG 
Score: Corporate Sustainability Ratings Under Review. Journal of Business Ethics, 167(2), 
pp.333–360. 

Dreyer, C., Guenster, N. and Koegst, J. (2019). Empirical Evidence on Environmental 
Performance and Operating Costs. Sustainability, 11(13), p.3600. 
doi:https://doi.org/10.3390/su11133600. 

Drukker, D.M. (2003). Testing for Serial Correlation in Linear Panel-data Models. The Stata 
Journal: Promoting communications on statistics and Stata, [online] 3(2), pp.168–177. 
doi:https://doi.org/10.1177/1536867x0300300206. 

Erol, I., Unal, U. and Coskun, Y. (2023). ESG investing and the financial performance: a 
panel data analysis of developed REIT markets. Environmental Science and Pollution 
Research International, [online] 30. doi:https://doi.org/10.1007/s11356-023-28376-1. 



Master’s Thesis Maria Jensen June 2026 

 51 

FactSet.com (2025). Why Choose FactSet |Top Financial Data, Insights & Analytics. [online] 
Factset.com. Available at: https://www.factset.com/why-factset. 

Fahmy, H. (2022). The rise in investors’ awareness of climate risks after the Paris Agreement 
and the clean energy-oil-technology prices nexus. Energy Economics, 106, p.105738. 
doi:https://doi.org/10.1016/j.eneco.2021.105738. 

Finanstilsynet (2021). Bæredygtighedsrapporteringsdirektivet (CSRD). [online] 
Finanstilsynet.dk. Available at: https://www.finanstilsynet.dk/finansielle-
temaer/baeredygtighedsoplysninger/baeredygtighedsrapporteringsdirektivet-csrd [Accessed 
23 Mar. 2026]. 

Folketinget Eu-Oplysningen and Pers Kaltoft, S. (2026). Klimasparekravv for Danmark. 
[online] Available at: https://www.eu.dk/da/temaer/klima-og-groen-omstilling/danmarks-
klimamaal. 

Fometescu, A., Camelia-Daniela Haţegan and Cuc, L.D. (2024). Challenges of Measuring 
and Reporting ESG Performance. Contemporary studies in economic and financial analysis, 
pp.61–82. doi:https://doi.org/10.1108/s1569-375920240000116005. 

Freeman, E. and Mcvea, J. (2001). A Stakeholder Approach to Strategic Management. 
[online] ResearchGate. Available at: 
https://www.researchgate.net/publication/228320877_A_Stakeholder_Approach_to_Strategic
_Management [Accessed 29 Apr. 2026]. 

Friede, G., Busch, T. and Bassen, A. (2015). ESG and Financial performance: Aggregated 
Evidence from More than 2000 Empirical Studies. Journal of Sustainable Finance & 
Investment, 5(4), pp.210–233. doi:https://doi.org/10.1080/20430795.2015.1118917. 

Friedlingstein, P., Le Quéré, C., Jackson, R. and Peters, G. (2020). Impact of COVID-19 on 
CO 2 emissions. [online] Available at: 
https://unfccc.int/sites/default/files/resource/1.GCP_.pdf [Accessed Apr. 2026]. 

Galaviz, F. and Kabir, G. (2024). Assessing Carbon Dioxide Emissions in Manufacturing 
Industries: A Systematic Review. Energies, [online] 17(20), pp.5119–5119. 
doi:https://doi.org/10.3390/en17205119. 

Garg, A.K., Singh, C., Soni, K., Singh, S. and Pranjal Agrwal (2024). IMPACT OF 
CLIMATE CHANGE AWARENESS ON CONSUMER PREFERENCES: A 
THEORETICAL ANALYSIS OF ECO-FRIENDLY MARKETING. ShodhKosh Journal of 
Visual and Performing Arts, 5(5). doi:https://doi.org/10.29121/shodhkosh.v5.i5.2024.3778. 



Master’s Thesis Maria Jensen June 2026 

 52 

Gelbjerg-Hansen, E. (2026). Analyse: Putin advarer mod ‘tilbagevenden til jungleloven’. 
[online] borsen.dk. Available at: https://borsen.dk/nyheder/baeredygtig/landets-storste-
selskaber-udleder-mere-co2 [Accessed 21 Apr. 2026]. 

GHG Protocol (2015). Corporate Standard | Greenhouse Gas Protocol. [online] 
Ghgprotocol.org. Available at: https://ghgprotocol.org/corporate-standard [Accessed 28 Feb. 
2026]. 

Greenhouse Gas Protocol (2026). RELEASE: GHG Protocol Launches Its First-Ever Global 
Standard for Corporate Accounting of Land-Sector Emissions and Removals | GHG 
Protocol. [online] Ghgprotocol.org. Available at: https://ghgprotocol.org/blog/release-ghg-
protocol-launches-its-first-ever-global-standard-corporate-accounting-land-sector [Accessed 
29 Apr. 2026]. 

Guastella, G., Mazzarano, M., Pareglio, S. and Spani, R.C. (2022). Do environmental and 
emission disclosure affect firms’ performance? Eurasian Business Review, 12. 
doi:https://doi.org/10.1007/s40821-021-00195-9. 

Handoyo, S. (2026). Assessing the static and dynamic effects of ESG performance on 
corporate financial and market outcomes: Global evidence from instrumental variable and 
GMM analyses. International Review of Economics & Finance. 
doi:https://doi.org/10.1016/j.iref.2026.105251. 

Hapsoro, D. and Falih, Z.N. (2020). The Effect of Firm Size, Profitability, and Liquidity on 
The Firm Value Moderated by Carbon Emission Disclosure. Journal of Accounting and 
Investment, 21(2). doi:https://doi.org/10.18196/jai.2102147. 

Hathat, Z.E., Venkatesh, V.G., Raja Sreedharan, V., Zouadi, T., Shi, Y. and Arunmozhi, M. 
(2024). Stakeholder engagement in carbon reduction engineering: A perspective analysis of 
production optimization leveraging social-media interactions. Computers & Industrial 
Engineering, [online] 200, p.110807. doi:https://doi.org/10.1016/j.cie.2024.110807. 

Hernandez-Vega, M. (2025). Corporate GHG Emissions and Financial Performance: A 
Cross-Country Panel Analysis of Sectoral Heterogeneity in Advanced and Emerging 
Economies. Risk Financial Management, [online] 18(10). 
doi:https://doi.org/10.3390/jrfm18100583 Belongs to Special Issue Sustainable Finance And 
ESG Investment. 

Hill, T.D., Davis, A.P., Roos, J.M. and French, M.T. (2019). Limitations of Fixed-Effects 
Models for Panel Data. Sociological Perspectives, 63(3), p.073112141986378. 
doi:https://doi.org/10.1177/0731121419863785. 



Master’s Thesis Maria Jensen June 2026 

 53 

Hurdle, G.J. (1974). Leverage, Risk, Market Structure and Profitability. The Review of 
Economics and Statistics, 56(4), p.478. doi:https://doi.org/10.2307/1924463. 

I. F. S. Wahyuningrum, M. Ihlashul’amal, S. Utami, Djajadikerta, H.G. and S. Sriningsih 
(2024). Determinants of carbon emission disclosure and the moderating role of environmental 
performance. Cogent Business & Management, 11(1). 
doi:https://doi.org/10.1080/23311975.2023.2300518. 

Innovation Center for U.S. Dairy (2019). Scope 1 & 2 GHG Inventory Guidance. [online] 
Available at: 
https://ghgprotocol.org/sites/default/files/Guidance_Handbook_2019_FINAL.pdf [Accessed 
2 Apr. 2026]. 

Juan Luis Martín-Ortega and González-Sánchez, M. (2023). Sectoral composition of GDP 
and greenhouse gas emissions: an empirical analysis in EU27. Environment, development and 
sustainability, 27(2). doi:https://doi.org/10.1007/s10668-023-04048-5. 

Jung, J., Herbohn, K. and Clarkson, P. (2016). Carbon Risk, Carbon Risk Awareness and the 
Cost of Debt Financing. Journal of Business Ethics, 150(4), pp.1151–1171. 

King, A.A. and Lenox, M.J. (2001). Does It Really Pay to Be Green? An Empirical Study of 
Firm Environmental and Financial Performance: An Empirical Study of Firm Environmental 
and Financial Performance. Journal of Industrial Ecology, 5(1), pp.105–116. 

Koskinen, P.Y., Lu, H. and Nguyen, N. (2024). Stakeholder Orientation, Environmental 
Performance and Financial Benefits. [online] ECGI. Available at: 
https://www.ecgi.global/publications/working-papers/stakeholder-orientation-environmental-
performance-and-financial [Accessed 21 May 2026]. 

Koundouri, P., Pittis, N. and Plataniotis, A. (2021). The Impact of ESG Performance on the 
Financial Performance of European Area Companies: An Empirical Examination. ICSD 
2021, 15(1). doi:https://doi.org/10.3390/environsciproc2022015013. 

Le, H., Hang Thu Nguyen-Phung and Hang Thu Nguyen-Phung (2024). Assessing the impact 
of environmental performance on corporate financial performance: A firm-level study of 
GHG emissions in Africa. Sustainable production and consumption, 47. 
doi:https://doi.org/10.1016/j.spc.2024.04.024. 

Leisner, J., Munch, J., Nielsen, A. and Schaur, G. (2023). The Impact of Offshoring and 
Import Competition on Firm-Level Carbon Emissions. [online] Ssrn.com. Available at: 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4614729. 



Master’s Thesis Maria Jensen June 2026 

 54 

Leticia Canal Vieira, Longo, M. and Mura, M. (2024). Impact pathways: the hidden 
challenges of Scope 3 emissions measurement and management. International Journal of 
Operations & Production Management, 44(13). doi:https://doi.org/10.1108/ijopm-01-2024-
0049. 

Makridou, G., Andriosopoulos, K., Doumpos, M. and Zopounidis, C. (2016). Measuring the 
efficiency of energy-intensive industries across European countries. Energy Policy, 88, 
pp.573–583. doi:https://doi.org/10.1016/j.enpol.2015.06.042. 

Makridou, G., Doumpos, M. and Lemonakis, C. (2023). Relationship between ESG and 
corporate financial performance in the energy sector: empirical evidence from European 
companies. International Journal of Energy Sector Management, 18(4). 
doi:https://doi.org/10.1108/ijesm-01-2023-0012. 

Martens, W., Yapa, P.W.S. and Safari, M. (2020). The Impact of Financial Statement 
Comparability on Earnings Management: Evidence from Frontier Markets. International 
Journal of Financial Studies, 8(4), p.73. doi:https://doi.org/10.3390/ijfs8040073. 

Miah, M.D., Hasan, R. and Usman, M. (2021). Carbon Emissions and Firm Performance: 
Evidence from Financial and Non-Financial Firms from Selected Emerging 
Economies. Sustainability, 13(23), p.13281. doi:https://doi.org/10.3390/su132313281. 

Moody, C.E. and Marvell, T.B. (2018). Clustering and Standard Error Bias in Fixed Effects 
Panel Data Regressions. Journal of Quantitative Criminology, 36(4), pp.347–369. 
doi:https://doi.org/10.1007/s10940-018-9383-z. 

Morck, R., Shleifer, A. and Vishny, R. (1986). NBER WORKING PAPER SERIES 
MANAGEMENT OWNERSHIP AND CORPORATE PERFORMANCE: AN EMPIRICAL 
ANALYSIS. [online] Available at: 
https://www.nber.org/system/files/working_papers/w2055/w2055.pdf. 

Mundlak, Y. (1978). On the Pooling of Time Series and Cross Section Data. Econometrica, 
46(1), p.69. doi:https://doi.org/10.2307/1913646. 

Nordnet (2024). C25. [online] Nordnet. Available at: https://www.nordnet.dk/academy/c25 
[Accessed 21 Apr. 2026]. 

Oestreich, A.M. and Tsiakas, I. (2015). Carbon emissions and stock returns: Evidence from 
the EU Emissions Trading Scheme. Journal of Banking & Finance, 58, pp.294–308. 
doi:https://doi.org/10.1016/j.jbankfin.2015.05.005. 



Master’s Thesis Maria Jensen June 2026 

 55 

Oestreich, A.M. and Tsiakas, I. (2024). Carbon emissions and firm profitability. Journal of 
Sustainable Finance & Investment, 14(4), pp.1–21. 
doi:https://doi.org/10.1080/20430795.2024.2386476. 

Okolie, I.J. and Olanrewaju, S.O. (2025). Robust Estimation Techniques in Panel Data 
Models in the Presence of Multicollinearity, Heteroscedasticity, and Autocorrelation 
Violations. African Journal of Mathematics and Statistics Studies, 8(4), pp.1–17. 
doi:https://doi.org/10.52589/AJMSS-YWOBIAW1. 

PAPADOPOULOS, G. (2022). Discrepancies in corporate GHG emissions data and their 
impact on firm performance assessment. [online] JRC Publications Repository. Available at: 
https://publications.jrc.ec.europa.eu/repository/handle/JRC130254. 

Payam Rostamicheri, Popescu, V., Birau, R. and Iuliana Carmen Bărbăcioru (2026). ESG 
Score and Firm Performance: A Comparative Analysis of Nordic and European 
Companies. Sustainability, [online] 18(3). doi:https://doi.org/10.3390/su18031707. 

Petersen, M.A. (2009). Estimating Standard Errors in Finance Panel Data Sets: Comparing 
Approaches. Review of Financial Studies, 22(1), pp.435–480. 

Porter, M.E. and van der Linde, C. (1995). Toward a New Conception of the Environment-
Competitiveness Relationship. The Journal of Economic Perspectives, 9(4), pp.97–118. 

Prakash, R., Matsumura, E.M. and Vera-Munoz, S.C. (2011). Voluntary Disclosures and the 
Firm-Value Effects of Carbon Emissions. SSRN Electronic Journal, 89(2). 
doi:https://doi.org/10.2139/ssrn.1921809. 

Pro, C. (2025). CSRD Reporting Denmark: SME Compliance Guide. [online] Csrdpro.com. 
Available at: https://www.csrdpro.com/en/csrd-reporting-denmark-guide/ [Accessed 20 Apr. 
2026]. 

Rahi, A.F., Akter, R. and Johansson, J. (2021). Do sustainability practices influence financial 
performance? Evidence from the Nordic financial industry. Accounting Research Journal, 
35(2). doi:https://doi.org/10.1108/arj-12-2020-0373. 

Rana, T., Rahman, M.J. and Öhman, P. (2025). ESG Accounting for Performance 
Measurement, Risk Management, and Accountability. Routledge eBooks, [online] pp.3–22. 
doi:https://doi.org/10.4324/9781003488934-2. 

Revelli, C. and Viviani, J.-L. (2015). Financial performance of socially responsible investing 
(SRI): what have we learned? A meta-analysis. Business Ethics: A European Review, 24(2), 
pp.158–185. doi:https://doi.org/10.1111/beer.12076. 



Master’s Thesis Maria Jensen June 2026 

 56 

Ronaghi, M. and Scorsone, E. (2023). The Impact of COVID-19 Outbreak on CO2 Emissions 
in the Ten Countries with the Highest Carbon Dioxide Emissions. Journal of Environmental 
and Public Health, [online] 2023. doi:https://doi.org/10.1155/2023/4605206. 

SAP (2025). What is ESG data and how should it be used? |SAP. [online] Sap.com. Available 
at: https://www.sap.com/uk/resources/esg-data. 

Schüder, M. and Zülch, H. (2026). Corporate carbon performance and the Science-Based 
Targets initiative: disentangling the effects across Scope 1, 2, and 3 emissions. Journal of 
Industrial Ecology. doi:https://doi.org/10.1007/s44498-026-00058-4. 

Singh, N.P. and Bagga, M. (2019). The Effect of Capital Structure on Profitability: An 
Empirical Panel Data Study. Jindal Journal of Business Research, [online] 8(1), pp.65–77. 
doi:https://doi.org/10.1177/2278682118823312 page ( 68-72). 

Singhal, R., Fu, L. and Parkash, M. (2016). Tobin’s q Ratio and Firm Performance. [online] 
ResearchGate. Available at: https://www.researchgate.net/publication/307847236_Tobin 
[Accessed 17 Apr. 2026]. (page 1-12). 

Soytas, M.A., Denizel, M. and Durak Usar, D. (2019). Addressing endogeneity in the causal 
relationship between sustainability and financial performance. International Journal of 
Production Economics, 210, pp.56–71. doi:https://doi.org/10.1016/j.ijpe.2019.01.016. 

Stock, J.H. and Watson, M.W. (2008). Heteroskedasticity‐Robust Standard Errors for Fixed 
Effects Panel Data Regression - The Econometric Society. Econometrica, [online] 76(1), 
pp.155–174. doi:https://doi.org/10.1111/j.0012-9682.2008.00821.x. 

Trancenable.com (2026). Data Catalog | Tracenable. [online] Tracenable. Available at: 
https://tracenable.com/catalog?tab=esg-data [Accessed 21 Jan. 2026]. 

Trinks, A., Mulder, M. and Scholtens, B. (2020). An Efficiency Perspective on Carbon 
Emissions and Financial Performance. Ecological Economics, [online] 175, p.106632. 
doi:https://doi.org/10.1016/j.ecolecon.2020.106632. 

Tsionas, E.G. and Kumbhakar, S.C. (2012). FIRM HETEROGENEITY, PERSISTENT AND 
TRANSIENT TECHNICAL INEFFICIENCY: A GENERALIZED TRUE RANDOM-
EFFECTS model. Journal of Applied Econometrics, 29(1), pp.110–132. 
doi:https://doi.org/10.1002/jae.2300. 

Velte, P. (2023). Determinants and Financial Consequences of Environmental Performance 
and reporting: a Literature Review of European Archival Research. Journal of Environmental 



Master’s Thesis Maria Jensen June 2026 

 57 

Management, [online] 340, pp.117916–117916. 
doi:https://doi.org/10.1016/j.jenvman.2023.117916. 

Wang, C. (2024). The Relationship between ESG Performance and Corporate Performance - 
Based on Stakeholder Theory. SHS Web of Conferences, 190(10), pp.03022–03022. 
doi:https://doi.org/10.1051/shsconf/202419003022. 

Wendy, A.-F., Juan Ignacio, M.-C. and Ana Belén, T.-P. (2026). Relationship between 
carbon emissions and financial performance: fixed-effects panel model focused on sectoral 
and regulatory heterogeneity. Quality & Quantity. doi:https://doi.org/10.1007/s11135-026-
02793-z. 

West, R.M. (2021). Best practice in statistics: The use of log transformation. Annals of 
Clinical Biochemistry: International Journal of Laboratory Medicine, [online] 59(3), pp.162–
165. doi:https://doi.org/10.1177/00045632211050531. 

Wooldridge, J.M. (2010). Econometric Analysis of Cross Section and Panel Data. JSTOR, 
The MIT Press, pp.143–291. 

Xu, H., Hwan Lee, S. and Ho Eom, T. (2007). Introduction to Panel Data Analysis. 
In: Handbook of Research Methods in Public Administration, Second Edition. CRC press. 
doi:https://doi.org/10.1201/9781420013276.ch32. 

Yousaf, M. (2025). Determinants of firm performance: How to choose the best model among 
panel data models? Central European Management Journal. 
doi:https://doi.org/10.1108/cemj-05-2023-0229. 

Yu, J., Liu, H., Lei, X. and Liu, K. (2025). The impact of capital market enforcement 
intensity on corporate ESG performance: Evidence from China. Economic Analysis and 
Policy, 87, pp.2534–2553. doi:https://doi.org/10.1016/j.eap.2025.08.011. 

Zhang, L. (2017). The Investment CAPM. European Financial Management, 23(4), pp.545–
603. doi:https://doi.org/10.1111/eufm.12129. 

 

 

 



Master’s Thesis Maria Jensen June 2026 

 58 

14. Appendix  
Data summary 

Sector No. 
Observations 

Avg. Emissions 
(tonnes CO2) 

Median 
Emissions Avg. ROA 

Transportation 8 22.025.688 34.338.000 13,20 

Building Materials 5 1.754.751 1.780.000 10,80 

Renewables 7 963.715 792.224 -0,50 

BioTech 13 169.571 8.711 7,76 

Pharma 4 134.250 93.000 27,40 

Facility Service 3 71.458 72.358 4,55 

Industrial 6 59.109 56.796 0,3 

Consumer goods 6 48.096 49.208 18,5 

Medical Devices 16 26.500 25.002 8,07 

Banking 14 3.005 2.130 0,72 

Insurance 7 2.182 2.098 3,99 
 

Variable Description 
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R Steps 

Step Purpose Main R function: 
Import data and 
packages 

Load required libaries 
and dataset into R 

library() , read_excel() 

Inspect dataset Check variable types, 
dimensions and missing 
values 

str(data) , summary(data) 

Create panel identifiers Generate firm and value 
identifieres for panel 
analysis 

mutate(companyID=as. 
numeric(as.factor(firm_name))) 

Declare the panel 
structure 

Convert dataset into 
panel-data format 

pdata.frame(data, index = 
c(“companyID”,”year”)) 

Remove duplicates Ensure one observation 
per firm-year 

distinct(companyID, year, 
.keep_all = TRUE) 

Clean missing values Explude observatiosn 
with missing key 
variables 

fliter(!is.na()) 

Generate control 
variables 

To create additional 
explanatory variables 

mutate(log_assets = 
log(BV.assets)) 

Create alternative 
emissions measures 

Construct robustness 
variable 

emissions_intensity and 
log_emissions 

Create descriptive 
statistics 

Summarise central 
tendencies and 
dispersion 

describe() 

Sector-level analysis Compare emissions and 
ROA across industies 

group_by() , summarise() 

Firm-level emissions 
analysis 

Identify emission 
outliers across firms 

group_by(Firm_name) 

Time-trend Analysis Examine annual 
emission developments 

group_by(year) 

Correlation Analysis Test pair relationship 
between variables 

cor(), corrplot() 

Estimate pooled OLS 
model 

Run pooled rergression plm(model =”pooling”) 

Estimate fixed eeects 
model 

Control for unobserved 
firm heterogeneity 

plm(model =”within”) 

Compute robut 
standard errors 

Correct for 
heteroskedasticity and 
clustering 

coeftest(), vcovHC() 

Compare pooled vs FE 
models 

Determine panel 
specification 

pFtest() 

Test multicollinearity Check correlation 
among rergressors 

vif() 

Test serial 
heteroskedasticity 

Diagnose variance 
consistency of residuals 

bptest() 



Master’s Thesis Maria Jensen June 2026 

 60 

Run cross-sectional 
regression 

Analyse 2024 
observations separatly 

lm() 

Conduct robustness 
checks 

Test alternative model 
specifications 

Fixed-eeects mdoel using 
emission_intensity, 
log_emissions and excluding 
Mærsk 

Add year fixed eeects Control for time-specific 
shocks 

factor(year) 

Estimate market-based 
model 

Use Tobin’s Q as 
alternative dependent 
variable 

plm(tobinsQ -….) 

 

Descriptive Statistics 

Variable Mean SD Min Median Max 
ROA 7.46 9.68 -24.42 5.24 36.67 
Tobin’s Q 2.85 2.51 0.64 1.84 13.83 
Total Emissions 2,136,530 7,946,701 162 49.270 36,948,000 
Leverage 0.61 0.24 0.07 0.64 0.96 
Log Assets 11.13 1.53 8.07 10.78 15.15 
Capital Intensity 0.21 -  0.00 0.16 0.68 

 

Correlation Matrix 
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Pooled OLS  

 

 

Fixed E?ects 

 

 

Fixed E?ects with Year E?ects 
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Tobin’s Q Model 

 

 

Main Results 

 

 

Diagnostics 
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Robostness checks results 

 

 
 


