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Abstract 

This study examines the relationship between scope 1 emissions and ownership structures in 

the global shipping industry. In the green transition, it is beneficial to understand how 

ownership structures can affect managements decision-making. To assess this, we use end-of-

year data on institutional, family, and public ownership to determine if changes in ownership 

affect emissions, using three different regression models. The study also discusses the 

relationship between profitability and emissions and if these are opposites or can be 

simultaneously thoughts in a cyclic industry. The results indicate that higher percentage of 

family ownership are related to reduced emissions per DWT. No clear evidence is found 

whether institutional or public ownership has a statistically significant effect on emissions per 

DWT, resulting in either lower or higher emissions per DWT when ownership changes. 

Further, the analysis uncovers that profitability and emissions per DWT are negatively related 

to each other, meaning an increase in profitability, measured in ROE, increases emissions per 

DWT. Not surprisingly, emissions per DWT seem to have reduced over time, meaning the 

green transition into a more sustainable industry is well on its way. The study contributes to a 

rising field of research regarding sustainability and especially emissions. The global shipping 

industry is valuable for the global economy due to facilitating transportation of goods but has 

substantial yearly emissions. Further studies should be conducted to build a more 

comprehensive field of studies regarding ownership structures effect on emissions in the 

shipping industry. 
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1. Introduction 

Sustainable investments have become increasingly important all over the globe. With a 

broader focus on corporate governance, companies try to align their goals with both financial 

performance and societal impact. From 2014, the proportion of sustainable investments 

relative to total assets managed, has increased in several regions (GSIA, 2023). This 

development is not surprising, given that sustainable investments might create long-term 

profits (Hart & Gautam, 1996). However, with an increase in costs, sustainable investments 

might be a burden for many companies who lacks liquidity. Research by Schnack (2009) finds 

sustainable ships to be up to 22% more costly than regular ships, creating a dilemma whether 

to invest in sustainability. However, where there is will, there is action.  

One of the biggest components for sustainable investments are shareholder engagement and 

action. Shareholders have become increasingly engaged in the corporate decisions and a move 

towards greener investments have been seen. Evidence suggests that engagement from 

shareholders do in fact matter in choosing sustainable investments (Barko, Cremers, & 

Renneboog, 2022). This approach is defined as “(é) monitoring corporate behaviour and 

seeking changes where appropriate through dialogue with companies or through the use of 

share ownership rights (é)” (Mercer, 2007, p. 10). This concept aligns with the theory by 

Jensen and Meckling (1976) where owners monitor managers to ensure they act in owners’ 

best interests. Without monitoring, companies could face agency costs such as luxury benefits 

to management which harm profitability. Sustainability has become an aspect that engage 

shareholders. An owner who are known to take an active role in management is Norwegians 

Bank Investment Management. They strive to invest in companies that align with the Paris 

Agreement, while simultaneously have an active and long-term approach towards companies 

in their portfolio (Norges Bank Investment Management, 2024).  

This study will examine if ownership structures affect emission reduction, using the shipping 

industry as focus area. With the introduction of balanced scorecard by Kaplan and Norton 

(1992), management can be incentivized by not only financial, but non-financial indicators 

such as environmental performance. We want to assess if the emission levels are affected by 

different ownership structures. Previously, emissions data could be uncertain or even withheld 

as it was not made public by all shipping companies worldwide. The International Maritime 

Organization (IMO) has developed a new rating system for all ships above 5.000 GT 

participating in international trading. This system is called Carbon Intensity indicator and 
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classify ships into ratings from A to E. CII is a factor for which the ships need to continue to 

improve their carbon intensity to either improve or hold their ratings (Lloyd´s Register, u.d.). 

The first mandatory reporting started in 2023 (International Maritime Organization, 2022). 

Voluntary reporting has made a gap in data where only some of the companies report 

emissions. In the shipping industry, high ownership concentration has been found to have a 

positive relationship with CSR disclosure (Drobetz, Merikas, Merika, & Tsionas, 2014). With 

large stakes, owners can be influential in shaping company policies, which is common in the 

shipping industry (Tsionas, Merikas, & Merika, 2012). Tomar (2023) has in previous research 

stated that future legislation about emissions can lead to more disclosure of emissions, which 

again can help reduce actual emissions. Can different ownership structures affect emissions or 

do new regulations do the job? 

Based on this, our study aims to answer the following overall question: 

Does ownership structure affect emission levels in shipping companies? 

To answer the question, we have developed our hypothesis to be examined as follows: 

H0: Institutional/Family/Public ownership does not affect emissions per DWT, respectively. 

H1: Institutional/Family/Public ownership does affect emissions per DWT, respectively. 

The remainder of the study is organized as follows. Chapter 2 will consist of literature review 

where we discuss different ownership structures in connection to environmental disclosure, 

sustainable investments, and lastly connect it to company performance. Chapter 3 will provide 

an overview of our data, before chapter 4 takes you through our methodology. In chapter 5 we 

will present the results from our analysis, before chapter 6 discusses the results obtained and 

connects it to previous literature along with our own interpretation. Chapter 7 concludes our 

findings. Finally, at the end of our study, you will locate the references and the accompanying 

appendix. 
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2. Literature Review 

In the next subsections, we will identify relevant literature to our topic. This includes research 

on disclosure of environmental information, and ownership structure related to emissions and 

company performance. Our search for literature has primarily been linked with different 

investor types and sustainability. This includes search words as emission, sustainability, 

financial performance, and disclosure of environmental data. We have divided our search into 

institutional investor, family investor and public investor. The investor groups consists of the 

following sub-groups defined by Eikon: 

Institutional ownership – Private Equity, investment advisor, hedge fund, corporation, bank & 

trust, insurance VC, research, mutual. 

Family – holding company, foundation, individuals, insiders. 

Public – Sovereign wealth fund, endowment funds, pension funds and government. 

The literature review is conducted by searching for previous research and articles published in 

renowned journals. The Norwegian School of Economics own collection of databases in 

LibGuides were used as a starting point. From here, we have used databases with references 

to peer-reviewed articles which is published in journals. Examples include Scopus, JSTOR 

and ScienceDirect, as well as Goggle scholar. The latter was particularly useful to find open 

access to research found in other databases with restricted access.  

2.1 Institutional Ownership 

These investors could have large stakes which gives them both voting power and a position to 

dictate decision-making. As mentioned in the introduction, companies with high concentrated 

ownership disclose more CSR information than others (Drobetz, Merikas, Merika, & Tsionas, 

2014). However, research on institutional ownership and disclosure of social and 

environmental information has shown that companies disclose less environmental information 

if institutional ownership is higher (Htay, Rashid, Adnan, & Meera, 2012) (Dintimala & 

Amril, 2018). Htay et al (2012) used twelve banks with a total of 120 observations spanning 

between 1996 and 2005. Generally, this might be a small sample size, but the number of years 

with observations might control for changes and developments in norms of disclosure of 

environmental information over the years, making the number of observations satisfactory. 
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Dintimala and Amril (2018) had thirty companies listed on the Indonesia stock exchange 

between 2010 to 2014, summarized to 150 total observations. Similarly, US research with 361 

total observations, find a positive relationship between institutional ownership and disclosure 

of environmental information in US companies (Rupley, Brown, & Marshall, 2012). However, 

according to the authors, this was linked to bad publicity either in general or because of lack 

of disclosure. This was consistent for both long-term and short-term investors.  

Institutional investors usually have large portfolios consisting of different companies and a 

myopic perspective on their ownership in the companies. It is suggested that they are looking 

more at short term movements in the stock price, rather than long term value creation (Porter, 

1992). Contradictory research has found that a high percentage of institutional investors means 

less downgrades in R&D investments (Bushee, 1998). This shows an emphasis on long term 

focus where investing in R&D could increase company value. A connection could be found in 

agency theory. Large owners can have a significant impact on managers through monitoring 

the managers actions and impact their decisions (Jensen & Meckling, 1976). It is noted that 

the benefits of CSR investments tend to be in the long-term rather than short-term (Graves & 

Waddock, 1994). We do however need to be careful by equating CSR and R&D as it might 

be different from one another, even though R&D is normally seen as innovative investments. 

Padgett and Galan (2010) do however find that R&D positively impacts CSR. This highlights 

the possible close connection between the two terms. This is also pointed out to be a reason 

for the results by Bushee (1998) as institutional investors might invest more in innovative 

companies.  

Fernando, Sharfman, and Uysal (2010) finds that companies that have better environmental 

performance, on average have less institutional owners. According to them, this is consistent 

with all types of institutional investors. Again, following the research provided above, this 

research indicate that institutional investors could be chasing the winner’s short-term, as 

companies might invest in sustainability for long-term value. This does not suggest that 

institutional investors do not care about the environment nor would choose sustainable 

companies. However, it might suggest that they are not picking sustainable companies because 

they have a myopic view. There are also scientific articles that points in the opposite direction. 

Research have found that companies with substantial percentage of institutional investors, 

have better ratings of corporate social responsibility and invest more in CSR (Chen, Dong, & 

Lin, 2020). This is in line with earlier research from Graves and Waddock (1994), stating that 

an increased number of institutions that are shareholders, have a significant positive 
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relationship with corporate social performance. However, the same research shows 

insignificant results regarding the relationship between CSP and percentage of institutional 

owners. This means that they find evidence supporting that the number of institutional 

investors matter, but do not find evidence to support that total percentage of institutional 

investors matters. The same research from Graves and Waddock (1994) has shown that 

increased corporate social performance has a positive effect on institutional investors. They 

have found that high score of corporate social performance tend to increase the level of 

institutional investors. Similar research says that institutional investors are the ones who 

demand more focus on both environmental and social performance (Dyck, Lins, Roth, & 

Wagner, 2019). Not only do institutional investors invest in companies that perform well 

regarding CSR and the environment, but they also contribute so the company improve their 

environmental performance. 

2.2 Family Ownership 

By studying group companies from Korea, it is found that family ownership differs in the way 

they disclose environmental information. At low and high portions of family ownership, 

disclosure of environmental information is increased (Terlaak, Kim, & Roh, 2018). This is 

further reinforced when the CEO is from the family as well. Terlaak et al (2018) points out, it 

could be because an almost wholly family-owned company would decrease the reputation of 

the family name if they did not disclose environmental performance information.  

When it comes to specifically emissions, Borsuk, Eugster, Klein and Kowalewski (2023) 

highlight that family companies have less scope 1 emission intensity compared to others. 

Additionally, the same effect is found when they take indirect emissions into account. These 

effects are particularly visible in family companies that is governed by the family. An 

explanation that Borsuk et al (2023) give, is that these companies invest more in R&D which 

can lower the GHG emissions. This can also suggest that family companies have a long-term 

view on company value and earnings. Another research focusing on US dry-cleaning 

companies finds also that family companies invest more in environmental innovations than 

other ownerships (Bendell, 2021). A potential weakness of the US research is that they have 

a small industry and focus only on US companies. They also state that most of the companies 

in their research are family owned. This could potentially lead to bias. For instance, by 

including more companies with different ownership structures, they could get a different 
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picture that might be more in line with research suggesting that family companies invest more 

in environmental activities and innovations.  

Family companies have been found to protect their shareholders’ interests in favour of the 

societies interest compared with other ownership structures (Abeysekera & Fernando, 2020). 

The research focused on family companies and non-family companies and when the 

shareholders and society had different interests about environmental investments, the family 

companies were choosing to side with their shareholders. This was consistent also when 

society would benefit from environmental investments. At the same time, they were 

performing at least equally to non-family companies when shareholders shared the view of the 

society. It does not say that the shareholders would pollute more than other companies, but 

that if there were differences, they would operate in shareholders’ best interests. This is in line 

with the shareholders theory, where companies only responsibility is to maximize profits for 

the shareholders and benefit society that way (Friedman, 1970).  

2.3 Public Ownership 

Research on large Indian companies they call “environmentally sensitive” found a positive 

relationship between government ownership and sustainability reporting (Kumar, Kumari, 

Nandy, Sarim, & Kumar, 2022). Contrary to these results, Wei, Wang and Giamporcaro (2024) 

have found a negative relationship on state ownership in China and environmental information 

disclosure. They argue that state ownership in China has less pressure to disclose such 

information than other ownership structures. This might indicate that this is not necessarily 

consistent for other regions.   

Research on sustainability and ownership structures have found a positive effect between 

public investors and carbon emissions. (Ghachem, Basty, & Zureigat, 2022). The research has 

looked at 32 SMEs in OECD countries. Large enterprises have been excluded. As pointed out 

earlier in the study, institutional investors in particular, can have considerable influence on a 

company’s management due to their big portions of shares. Similarly, public investors could 

be in position to influence decisions, especially when large companies are excluded. However, 

they have gathered data from 2015 to 2020 and should have enough data to exclude certain 

biases. Previous research on Czech companies find that state ownership will decrease both 

absolute and relative emission more than other ownership structures (Earnhart & Lízal, 2007). 

They have over 1100 observations spanning between 1993 to 1998. The Czech Republic was 
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filing for EU membership during the period and needed to reduce emissions to qualify. This 

could influence their results. State ownerships tends to be heavily invested in industrial 

industry which are very emission heavy. This could mean that the reduction in emissions to 

qualify for membership in EU affects especially the state-owned results, giving them a 

favourable bias which we need to keep in mind in our own study.  

2.4 Emissions and Financial Performance 

As mentioned earlier, some investors are myopic in their view of investing in companies. A 

crucial factor to consider, is if it pays off to invest in companies that invest in emission 

reduction technology. Research suggests that the positive effect from investing in emission 

reduction will appear later. Return on assets tends to increase within a year, while return on 

equity, which we use in our model, tends to increase after 2 years (Hart & Gautam, 1996). 

This can suggest that shareholders may be patient if they want to gain on investing in emission 

reduction. According to previously discussed research, this is contrary, as especially 

institutional investors have been found to have a myopic view of their investments. Their 

sample were drawn from S&P 500, which is the five hundred largest companies. One thing to 

keep in mind, is that the year they invest in emissions reduction, their financial performance 

could reduce due to higher capital expenditures. The following year, their financial 

performance could naturally increase due to their size and strong position in the market. This 

effect could have an impact on their results.  

The same research on Czech companies as discussed under public ownership, finds that 

increased company performance will lead to better environmental performance in the future. 

In their research, this is an indirect effect as they call it, where ownership affect profitability 

which secondly will affect environmental performance (Earnhart & Lízal, 2007). What is 

especially interesting is that they find a stronger indirect effect than a direct effect, meaning 

that ownership affect future environmental performance more than what it affects financial 

performance. Contrary to Hart and Gautam (1996), Earnhart and Lízal (2007) find evidence 

that financial performance positively affects future environmental performance. Combining 

the two articles, suggests that financial and environmental performance affects each other 

positively. If that is true in general, investing in environmental performance should not be 

contrary to financial performance. It might however be a matter of how patient an investor 

wants to be. As mentioned before, the Czech research was conducted during a time of EU 
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membership qualification for the Czech Republic which could impact results due to naturally 

reduced emissions. Another point to consider is that banks were strict on loans during the 

period, meaning much of investments had to be done by internal financing. To use retained 

earnings or internal financing, you potentially must be profitable to be able to invest in 

emission reduction. This could have an implication to the result saying that financial 

performance leads to environmental performance.  

Research on Italian companies has been looking at how companies perform with an 

environmental management. They have found that when implementing an environmental 

management in their company, both demand and productivity increases, which increase profits 

(Cucchiella, Gastaldi, & Miliacca, 2017). Environmental management, in the paper referred 

to as GHG management, refers to a collective term for focus and improvement of 

environmental aspects and reduction in emissions. Which means that an improvement in 

environmental performance, will improve customer demands and productivity in the company. 

They highlight that the increased demand stems from consumers valuing them higher due to a 

environmental focus. A Danish study have investigated expenses for building a greener bulk 

carrier for the future (Schnack, 2009). By adding innovative technologies, they made annual 

reductions totalling 7,2% of carbon dioxide, 79,1% of nitric oxides and 98,6% of sulphur 

dioxide. The total additional cost ended up being 5,2 million dollars, or 22% more expensive 

than the basis ship. In return, they find that you save about one hundred thousand dollars 

yearly, which is due to change of bunker. This highlight how expensive the green transition 

might be in the shipping industry.  

2.5 Research Gap and Sources 

The literature review provides us with relevant research to contextualize our study. However, 

as there is not much literature done on shipping related to our specific topic, we have had to 

identify different research which combined provides us with enough insight. Additionally, the 

previous research are mainly done in other industries which may not be representable to 

shipping. There is especially a gap in research regarding ownership structures effect on 

emissions in the shipping industry. Based on reviewed literature, we believe we fill that gap. 

Little to no research are done on the relationship between ownership and emissions in the 

shipping industry. We believe it provides better basis for governance of shipping companies 

in the green transition.  
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In our search for literature, we have tried to be critical to sources. Peer-reviewed articles were 

preferred in our search methodology. We chose to add research from minor journals to our 

study and keep in mind that research published in a more specific and lesser journal, do not 

necessarily indicate poor research, and could provide both information and context to our 

study. All sources used in the literature review are published in journals and are found through 

databases that refer to peer-reviewed articles. A few sources are working papers, not yet fully 

published in a journal. A few sources are not published research, but more informative articles. 

In the few instances, we have tried to use trustworthy sources with dependable authors. An 

overall challenge is that our sources are research on minor subjects which does not necessarily 

get the same attention and criticism as other subjects. However, we have strived to be thorough 

with our collection of sources used in our study. 
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3. Data 

This chapter describes the data that were used to investigate the research questions. The 

sources used to collect data are Refinitiv Eikon for economic and ownership information, and 

Clarksons World Fleet Register for fleet information. This collection is important in 

determining the nature of the relationship that might exist between the ownership structures 

and emissions in the shipping industry. Data is collected in accordance with similar studies in 

other industries. 

3.1 Investment Data 

The initial population size for this analysis was 144 shipping companies from all over the 

world, where ownership percentages are available in Refinitiv Eikon. The shareholder data is 

presented as percentage of outstanding shares, meaning that the total percentage of the three 

investor types do not necessarily add up to 100% (Thomas Reuters, 2022). The ownership data 

spans ten years from 2013 – 2022. Not all companies have ownership data which spans the 

entire period, but they are still included with 0% ownership in the owner groups with a 100% 

free-float of stock. These were filtered out to prevent false 0% ownership in the owner groups. 

Refinitiv Eikon calculates the ownership statistics each month based on the known ownership 

positions at the end of each month (Thomas Reuters, 2022). This analysis will only use the 

end of year ownership positions as this aligns with end of year financial- and sustainability 

reporting and a year-on-year change is observable. This yields a population of 127 companies 

with a total of 1154 company-year observations spanning the ten years. 

 

Table 1: Overview of Ownership Data 

The descriptive statistics in table 1 provides a summary of the investor categories, where N 

shows the number of observations, and characteristics are shown as percentages. The table 

shows that institutional investors generally maintain a higher average ownership percentage 

compared to family and public investors. However, the standard deviation indicates big 
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variability within each investor group. Furthermore, all three investor groups have 

observations with zero percent ownership, which is expected as it is not reasonable to expect 

that all ownership groups are present in all companies. 

3.2 Company Information 

Data on the main vessel type, country, and DWT was downloaded from Clarksons World Fleet 

Register to contextualize which shipping segment is greener and to evaluate its attractiveness 

to different investor types. When collecting this information, it was necessary to map the 

various company names from Refinitiv Eikon with the owners and operators listed in 

Clarksons. This was further complicated by group companies that operates in various segments 

and joint ventures. As a result, it is important to note that even if a listed company operates in 

multiple segments, only the primary segment—represented by the biggest company's main 

vessel type—has been included in this analysis. This resulted in the dataset containing nineteen 

different main vessel types, which was grouped into nine groups as per appendix 1. Country 

was collected from Clarkson’s using the same methodology as main vessel type and grouped 

by region. The country information provides a geographical dimension to the data, allowing 

for comparisons and identifying trends that might be region specific. Furthermore, Clarksons 

only provides historical DWT data for vessels owned by the registered companies. This means 

that if a company operates vessels it does not own, only the DWT for the owned vessels will 

be shown. DWT data was cross-checked with other sources such as annual reports to ensure 

that the company’s DWT accurately reflect the GHG emissions they report. 

 

Table 2: Ownership per Vessel Group (%) 
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Table 2 reflects average percentage ownership per vessel group in percent. As can be seen, 

institutional investors show the highest average ownership within the general cargo group 

having an average of 60,78%. Family investors show much more variable ownership ranging 

from 0,39% in the chemical group to 31,21% in the vehicle carrier. One can see a low average 

ownership for the public segment; however, a definitive spike occurs within the diverse group 

at 9,88%. 

 

Table 3: Ownership per Region (%) 

Table 3 shows the average ownership percentage per region, comprised of the country 

information from Clarksons. The table shows regional differentiation and how companies in 

various parts of the world experience different ownership patterns. In the Americas, 

institutional investors prove to have a high average ownership of 58,69%. Family investors 

have a higher average percentage holding in the Americas, coming in at 13,62% as opposed 

to Asia and Europe at 7,44% and 10,26%, respectively. The table further show a greater 

percentage of ownership for public investors in Asia, at 6,7% as opposed to the Americas and 

Europe. Regional differences of this kind could be due to being inherent to the varying climatic 

investments, regulatory frameworks, or local hands of institutional investors, while family and 

public investors are much more variable based on the region. 

3.3 Emissions Data 

Emissions data from each of the companies was collected manually from Eikon Refinitiv. As 

the goal of this study is to explore the relationship between ownership and sustainable shipping 

practices, the decision to only collect Scope 1 emissions was done. Scope 1 emissions refers 

to GHG emissions from the direct operations of the company. By only collecting scope 1 GHG 

emissions, emissions from the rest of the supply chain are excluded (United States 

Environmental Protection Agency, 2024). As previously discussed, emissions reporting is per 

the time of the study not mandatory. As such, it was found that many companies have not 

disclosed ESG at all, and some companies have been disclosing since 2010. In total sixty-six 
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companies of the original 144 have reported emissions, cutting the observations down to 368. 

It would probably have been possible to collect more emissions data by finding annual reports 

for the missing companies, but it was decided to only use Eikon Refinitiv for the sake of 

uniformity. 

Table 4 shows the average percentage ownership for each investor group based on ESG 

disclosure status. This provides a comparative perspective on how ownership varies among 

these groups, indicating potential trends or patterns linked to ESG disclosure. 

 

Table 4: Average Ownership per ESG Disclosure (%) 

Table 4 shows that institutional investors have higher ownership percentages in companies 

that disclose ESG, which might point to companies that are more transparent, attracts 

institutional investors. Family and public investors, however, show more variability in 

ownership between the companies disclosing or not. The observed pattern may indicate that 

ESG disclosure might be a factor in attracting different types of investors. While institutional 

investors show preference for companies which disclose ESG, family and public might be 

indifferent. 

The previous analysis shows that companies that disclose ESG tend to attract higher 

institutional investment. It is furthermore interesting to examine how ESG disclosure varies 

across vessel groups and regions. This context provides a more comprehensive oversight of 

the current state of ESG reporting in the maritime industry. Figure 1 below show the 

percentage of companies with ESG disclosure across the multiple vessel groups. 
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Figure 1: ESG Disclosure per Main Vessel Group (%) 

The ratios of ESG disclosure are different across the groups of vessels and, thereby, the 

illustration of how sector-specific engagement in sustainable reporting practices. The group 

with the highest disclosure is the chemical vessel group, where 65% of companies report ESG, 

indicating that the sector may be more committed to transparency and environmental 

responsibility. Reporting in the vehicle carrier and offshore sectors trail behind at 47% and 

37% respectively. The lowest reporting vessel groups are the bulker, tanker/LNG/LPG, and 

general cargo groups with all around 25%. 
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Figure 2: ESG Disclosure by Region (%) 

Figure 2 show the percentages of companies disclosing ESG by region, showing how 

transparency might differ from region to region. Americas are at the forefront in disclosure 

with 42% of companies disclosing ESG. Europe and Asia fall behind with 29% and 26% 

respectively. This suggests that regions might reflect differences in regulatory pressures, 

market expectations and cultural attitudes towards corporate sustainability. 

The ESG reporting trends by vessel group and by region complement earlier analysis of 

ownership structures, highlighting the centrality of ESG practices to investment decisions. 

Institutional investors prefer companies that disclose ESG, while family and public investors 

seem to be more indifferent to the transparency of the companies they invest in. In conclusion 

there are clear trends to which companies each investor groups have higher exposure to 

regarding ESG transparency. Showing that ESG disclosure can influence investment patterns 

and decisions. 
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3.4 Financial Data 

To further carry out the analysis, financial data was manually collected from Refinitiv Eikon. 

Financial data was collected from the fiscal years 2013-2022 where possible. Pretax return on 

equity (ROE) and total assets were collected from the company’s financial summary in 

Refinitiv Eikon, which consists of income statement and balance sheet items. Financial data 

was possible to collect for 128 companies. For the rest of the original population, financial 

data was not available in Eikon. No further search in annual reports were done, to stay 

consistent with the research methodology for ownership data. 

Table 5 gives a stylized view of the descriptive statistics of the above-mentioned financial 

information. 

 

Table 5: Descriptive Statistics of Financial Data 

Pretax ROE is represented as number values of percentages, hence a mean of 0.085 indicates 

8,5%, and total assets is represented as thousands USD. 

After combining all the collected data and cleaning for missing data and 100% free-float, the 

remaining population consists for sixty-six companies with 288 observations over ten years. 

As discussed previously the main driver that cuts the population size is emissions reporting. 
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4. Methodology 

This chapter will dive deeper into the data transformations and modelling techniques used to 

test the hypothesis on factors influencing emissions. The chapter starts by outlining the 

imputation technique that was used to increase population size, which is followed by a 

specification of the models’ variables. The models are then presented and followed by model 

diagnostics. 

4.1 Imputation Methodology 

The decision to impute data for the analysis was done to see if there were trends that were 

missed by the small population size. To address this, a Nearest Neighbours imputation was 

done. This section will describe the process of the imputation. 

4.1.1 Nearest Neighbours (NN) Imputation 

NN imputation replaces missing values in observations with data from observations with 

similar cases. The NN method can impute data using either a single nearest neighbour (1-NN) 

or the average from k neighbours (kNN). For this imputation a kNN methodology was decided. 

This technique can maintain the natural structure of the data if K is appropriately chosen, 

balancing between fit and specificity. The performance of the imputation is assessed using 

normalized root mean square error (RMSE), where a lower score indicates a better fit (Beretta 

& Santaniello, 2016). 

4.1.2 Data Training 

Beretta & Santaniello (2016) recommend the filtered NN framework for real-life data with 

uncertain predictor-outcome relationships. In this process, the complete dataset is filtered to 

only include features relevant to the variable being imputed. For this imputation, no features 

in the dataset were filtered out. The filtered dataset was separated into a training and a test set 

with a fixed random seed for reproducibility. To evaluate the imputation, 30% of the dataset 

was set to NA and imputed. This allows for an evaluation of the imputation method by 

introducing artificial missingness into the test set, impute the artificial missingness, and 

compare it to the original data. 
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4.1.3 Optimization of K 

To determine the optimal K, RMSE was calculated for K values ranging from 5 to 50 in 

intervals of 5. The test revealed that the lowest RMSE occurred at K = 10 for emissions and 

K = 5 for DWT, hence the natural structure of the data is mostly preserved. A full table view 

of the best K per imputation can be found in appendix 2. Visual comparisons in figures 3 and 

4 show strong correspondence between imputed and original data, indicated by the blue dots 

aligning with the striped, red line. Some variability increases with higher imputations values, 

highlighting some limitations in the imputation model. 

 

Figure 3: Actual vs. Imputed Values for Emissions 
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Figure 4: Actual vs Imputed Values for DWT 

The full kNN imputation was applied to the filtered dataset of 976 observations, removing all 

NAs except for emissions and DWT. The choice to impute both variables preserved valuable 

emissions observations. Descriptive statistics before and after imputation are shown in tables 

6 and 7. 

 

Table 6: Variables Before Imputation 

 

Table 7: Variables After Imputation 
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4.2 Models Specifications 

To explore the general relationship between various factors and emissions productivity in the 

dataset, an ordinary least square (OLS) regression model is used. To analyse the relationship 

between the same factors on a company level, two fixed-effects (FELM) models were used. 

These also serve to account for unobserved heterogeneity in the OLS model. 

4.2.1 Variables 

Control variables are included in the analysis to account for other factors that may influence 

emissions productivity. These were picked carefully in accordance with other similar 

literature. While literature on this type of analysis in shipping is limited, there are some 

resembling research done in other segments. After considering possible control variables, 

financial performance, size, region, and vessel group was included in our analysis. Categorical 

variables such as size, region, and vessel group are only used in the OLS model as no 

categorical variables is needed in the fixed effects models.   

Emissions Productivity 

Emissions productivity is the dependent variable in this analysis. This is calculated by dividing 

direct emissions by DWT, providing a measure of emissions per freight capacity in the 

company’s fleet. This allows for a comparison regardless of company size. Some studies, such 

as Borsuk et al. (2023), uses revenue as the denominator for this measure. However, due to 

the volatile nature of the shipping market as stated by Cullinane, Notteboom, Sanchez & 

Wilmsmeier (2012), we decided revenue to be unsuitable for this research. Higher revenue 

can misleadingly suggest that a company has become more sustainable, even if their 

operational practices remain unchanged, simply due to market conditions. While DWT in fleet 

also changes over time, it is much less volatile. Therefore, changes in emissions productivity 

can be more accurately attributed to emissions rather than fluctuations in DWT, this is 

highlighted in appendix 3 which compares the means of DWT, revenue, and emissions. 

Furthermore, a logarithmic change was done to the emissions productivity measure to ensure 

better normality. 
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Ownership 

As independent variables we have the ownership variables, which are percentages of each 

investor groups ownership in each company. Some large changes in ownership percentages 

from year to year is observed in the dataset. This might be due the datasets nature of only 

collecting end-of-year data, not collecting investor behaviour over time. Hence, a logarithmic 

transformation was done to improve normality, and since 0% ownership is important for the 

data, a small constant (1) was added to avoid problems with Log(0). 

Financial performance 

Following the methodology of Graves & Waddock (1994), return on equity (ROE) is used as 

a measure for financial performance. The inclusion of ROE in the analysis allows for an 

assessment for the relationship between financial performance and other variables. 

Size 

Total assets are used as a measure for company size. This measure has been employed in 

related research for controlling company size (Abeysekera & Fernando, 2020) (Dyck et al, 

2019). Companies are categorized into three quantiles, small medium and large companies. 

The separation into the three categories is specified in table 8. Category refers to the size 

quantile and range is the range of total assets which defines each category. 

 

Table 8: Classification of Size Categories 

Region 

A variable to control for region was implemented, using the country information that was 

gathered for Clarksons. Countries were grouped into regions using the “Countrycode” package 

in R. This allows to see how regional trends, cultural norms and management practices may 

influence emissions productivity. 

 

 



 28 

Main vessel group 

Instead of controlling for industry, as the industry that is being analysed is shipping, a control 

variable for vessel group makes more sense. Different types of vessel groups may have varying 

levels of emissions. 

Table 9 show the definition of each variable disclosed as how they will appear in the models. 

 

Table 9: Stylized View of Variables 

4.2.2 Descriptive Statistics of Model Variables 

This section will outline the descriptive statistics of each variable disclosed in table 9. The 

section is split in two. The first part is the original data, and the second part is the imputed 

data. It is important to understand the characteristics of each of the datasets, as their 

characteristics may be different. 

Original data 

Table 10 shows the full descriptive statistics of the data that will be analysed after the cleaning 

and treatment from the data and methodology chapters. This yields a total population for the 

analysis of 288. The ownership groups show the log-transformed variables, Emissions_prod 

show the log-transformed emissions per DWT, ROE is the numerical value of percentages 

where 1 is 100%. 
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Table 10: Descriptive Statistics of Data 

Figure 5 shows the histogram of emissions productivity below. The histogram peaks in the 

range between 0.5 to 0.75, showing that this is the most common emissions productivity value 

in the dataset. Furthermore, the histogram is right-skewed meaning that lower values are more 

common than high values. 

 

Figure 5: Histogram of Original Emissions_prod 

The correlation matrix for the variables in the dataset is shown in figure 6. There is a significant 

negative correlation between institutional and family ownership (-0.43). This could indicate 

that if one ownership type is higher, the other is lower. Institutional ownership also displays a 

negative correlation with public ownership (-0.25). Emissions productivity show a strong 

positive correlation to size (0.35). Furthermore, family ownership correlates strongly with 

vessel group (0.45). Other than these correlations the variables show low correlations. The 

high values might give problems with multicollinearity in the models. 
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Figure 6: Correlation Matrix for Original Data 

Imputed data 

Table 11 show the full descriptive statistics of the imputed data, which will be analysed. As 

discussed in the imputation methodology, the imputed data yields a population of 976 

observations. The ownership groups show the log-transformed variables, Emissions_prod 

show the log-transformed emissions per DWT, ROE is the numerical value of percentages 

where 1 is 100%. 

 

Table 11: Descriptive Statistics of Imputed Data 
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Figure 7 shows the histogram for the imputed data. The distribution bear close resemblance to 

the original data, with a peak in the range between 0 to 0.5, and a general right skewness. 

However, the imputed data shows a presence of higher values than what was present in the 

original data. 

 

Figure 7: Histogram of Imputed Emissions_prod 
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Figure 8 shows the correlation matrix for the variables in the imputed dataset. There is a 

reasonably strong negative correlation (-0.3) between institutional ownership and family 

ownership. Furthermore, there is a strong negative correlation (-0.43) between emissions 

productivity and size. There is a noteworthy correlation (0.23) between emissions productivity 

and family ownership. The other variables show no strong correlations. 

 

Figure 8: Correlation Matrix for Imputed Variables 
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4.3 Modelling 

This chapter will outline the model specifications for each of the models used to answer the 

research question. The models that will be used is an Ordinary Least Squares model (1), a 

fixed effects model (2) on the original dataset, and an imputed fixed effects model (3) on the 

imputed dataset. 

4.3.1 Ordinary Least Squares 

An Ordinary Least Squares (OLS) regression model is used to analyse the relationship between 

emissions productivity and the other variables. Emissions productivity is used as the 

dependent variable and financial performance, size, region, and vessel group are used as 

dependent variables. The OLS model (1) is specified as follows: 

ὣ     Ὅὲίὸ  Ὂὥά  ὖόὦ  ὙὕὉ  ὛὭᾀὩ  ὙὩὫὭέὲ

  ὠὩίίὩὰᾫὶέόὴ ‐ 

Where: 

Y = Emissions_Prod 

Ŭ = Constant 

ɓ = Coefficient 

Inst = Institutional ownership 

Fam = Family ownership 

Pub = Public ownership 

ROE = Return on equity 

Size = Size group based on assets 

Region = Continent of countries 

Vessel_group = Vessel Groups 

Ů = Random Error term 
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4.3.2 Fixed Effects Model 

A fixed effects model (FELM) is used to control for unobserved heterogeneity in the OLS 

model. This model control for fixed effects for both company and year, hence capturing 

unobserved factors such as management practices or economic conditions. The FELM model 

(2) is specified as follows: 

ὣ     Ὅὲίὸ  Ὂὥά  ὖόὦ  ὙὕὉ ‐ 

Where: 

Y = Emissions_Prod 

Ŭ = Constant 

ɓ = Coefficient 

Inst = Institutional ownership 

Fam = Family ownership 

Pub = Public ownership 

ROE = Return on equity 

Ů = Random Error term 

 

 

 

 

 

 



 35 

4.3.3 Imputed Fixed Effects Model 

Following the structure from the previous fixed effects model, while also including the time 

variable, the following model (3) is used: 

ὣ     Ὅὲίὸ  Ὂὥά  ὖόὦ  ὙὕὉὝὭάὩ ‐ 

Where: 

Y = Emissions_Prod 

Ŭ = Constant 

ɓ = Coefficient 

Inst = Institutional ownership 

Fam = Family ownership 

Pub = Public ownership 

ROE = Return on equity 

Time = Time variable  

Ů = Random Error term 

The time variable is created by extracting the year value from the dates in the dataset, and 

subtracting two thousand, meaning that the dataset is left with values from 13-22. The 

interpretation is that if the time variable increases, the closer the observation is to 2022. 
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4.4 Model Diagnostics 

This section provides the model diagnostics for the three models: OLS (1), FELM (2), and 

imputed FELM (3). The analysis is structured by diagnostics categories, examining residuals, 

normality, and heteroscedasticity for each model to ensure robustness of the regression 

analyses. The full diagnostics plots for each model can be found in appendices 4-6. 

Residuals vs Fits analysis 

The residuals vs. fits plots gives insight into the models fit by providing a visual plot to inspect 

for non-linearity, unequal error distribution and potential outliers (The Pennysylvania State 

University, 2018). All models show a non-random distribution of the residuals along the 0 line 

which could indicate problems with model fit, and potential outliers. Furthermore, the 

residuals show a wider spread as the fitted values increase, which could indicate 

heteroscedasticity. 

Normality of residuals 

Normality of residuals are important for validating the robustness of the models. Q-Q plots 

plot the residuals for the model against an expected normal distribution, and any systematic 

deviations from the expected normal distribution indicates non-normality in the residuals 

(Thode, 2002, p.21). The Q-Q plots show that all three models have deviations from the 

normality line, indicating a non-normal distribution of residuals. The OLS model (1) and the 

FELM model (2) show deviations in both the upper and lower tails. While the imputed FELM 

model (3) shows some deviation in the lower tail, it exhibits a bigger deviation in the higher 

tail. 

Further, all three models fail the Shapiro-Wilk test, which tests if the residuals are normally 

distributed, confirming that the residuals are not normally distributed for none of the models. 

However, the Central Limit Theorem (CLT) provides a theoretical basis for assuming 

normality in larger samples. According to the CLT, the distribution of the sample means will 

approximate normality, regardless of the underlying distribution, given a sufficiently large 

sample size (n ≥ 30) (Lamorte, 2016). Given that the population sizes for all models are 

considerably larger than 30, normality in the model is assumed. 
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Heteroscedasticity 

Heteroscedasticity, or the non-constant variance of residuals is another important aspect to 

analyse in model diagnostics. As discussed earlier in the residuals analysis, the residuals vs. 

fits plots indicate potential heteroscedasticity (Studenmund, 2014). To accurately test for this, 

the Breusch-Pagan test was used. This test confirms that here is heteroscedasticity present in 

all models. To address this, HC1 robust standard errors were applied, following the 

recommendation of Studenmund (2014, p.380). By doing this the model adjusts for the non-

constant variance in error terms, hence improving the reliability and robustness of the models. 

Multicollinearity 

To test for multicollinearity among the variables in the OLS model (1), a VIF test was 

conducted. The VIF measures how much the variance of an estimated regression coefficient 

increases if the predictors are correlated. According to Studenmund (2014, p274), if the VIF 

is above 5 it suggests significant multicollinearity between the predictor and the other 

predictors. 

In this analysis, the Variance Inflation Factors (VIF) range from 1.05 for ROE and up to 4.42 

for Vessel_Group, indicating that there are some multicollinearity present, but nothing to be 

concerned about given Studenmund (2014). Table 12 shows the full result of the VIF test. 

 

Table 12: Multicollinearity of Variables in OLS Model (1) 

Testing for multicollinearity for the fixed effects models requires accounting for the fixed 

effects of company and year. This is done with a “within” transformation by subtracting the 

group means for company and year for each observation. After transforming the variables, the 

VIF values can be calculated on these within-group variations by running a VIF test on a linear 
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model consisting of these transformed variables. Table 13 shows the multicollinearity for the 

Fixed Effects model (2) and table 14 for the Imputed Fixed Effects Model (3). As can be seen 

in the tables below, all VIF values are well below the limit of 5, hence it’s fair to assume that 

multicollinearity is not an issue with these models. 

 

Table 13: Multicollinearity of Variables in FELM Model (2) 

 

Table 14: Multicollinearity of Variables in Imputed FELM Model (3) 

Given the robustness checks of the models, all the models suffer some problems of both 

normality and heteroscedasticity. Despite these challenges, the central limit theorem supports 

the assumption of normality for large samples, justifying the use of the models. To mitigate 

heteroscedasticity, HC1 robust standard errors are applied across all models, ensuring reliable 

and robust statistical results. 
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5. Results 

This chapter presents the results of the regression analyses conducted to investigate the factors 

that correlate with Emissions Productivity. The analysis is structured around three models: an 

Ordinary Least Squares (OLS) regression model (1), a Fixed Effects model (2), and an 

Imputed Fixed Effects model (3). Each model is assessed to understand the impact of the 

predictors. All three models have their own significance as they each investigate different 

scenarios. The OLS model (1) checks for general correlation in the dataset. The fixed effects 

model (2) checks for correlations on the company level with real data, and the imputed fixed 

effects model (3) checks for correlations on the company level with imputed data, with a time 

variable added. Furthermore, when discussing these findings, it is important to remember the 

definition of Emissions_prod. Emissions_prod is calculated as GHG emissions divided by 

DWT, indicating emissions per DWT, hence lower is better. Table 15 show the full results for 

the regression analyses. 
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Table  15 - Regression results 

In the OLS model (1), we find that there is a significant negative correlation between 

Emissions_prod and family ownership, with a coefficient of -0.023 (p<0.05). Which indicates 

that higher family ownership has a correlation with lower emissions per dwt. However, this is 

not significant in the fixed effects models (2 & 3) suggesting that the OLS (1) finding may be 

sensitive to unobserved factors that the other models control for. 

ROE is another significant variable in the OLS model (1), with a coefficient of 0.065 (p<0.05), 

suggesting that better financial performance and higher emissions per DWT is correlated. This 

is also apparent in the fixed effects model (2), though the coefficient is marginally lower at 
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0.055 (p<0.1). In the imputed fixed effects model (3), the relationship is insignificant, 

suggesting that with more observations the coefficient is no longer a significant predictor. 

The control variables in the OLS model (1) also shows significant correlations. For Region 

the model finds that companies in Asia have a significant coefficient of 0.101 (p<0.05), 

suggesting that companies in Asia have higher emissions per DWT than companies in the 

Americas and Europe. Interestingly, all vessel groups show positive coefficients with all 

ranges of significance, some are not significant at all, and some are significant to the 1% level. 

This shows that we can say for certain that some vessel groups have a significant correlation 

with higher emissions levels, and some not. The study does cannot say for sure that some 

vessel groups drive lower emissions per DWT. 

The time variable in the imputed fixed effects model (3) have a significant negative correlation 

with the Emissions_prod variable -0.018 (p<0.01). Indicating that the higher the time variable 

(closer to 2022) the lower emissions per dwt, showing that emissions may have reduced over 

time. 

Model fit, as given by the R-squared (R2) statistics improves greatly from the OLS model (1) 

(R2 = 0.677) to the fixed effects model (2) (R2 = 0.891) and the imputed fixed effects model 

(3) (R2 = 0.853). This shows the improvements in explanatory power of the fixed effects 

models, which control for unobserved heterogeneity. 

In sum, the statistically significant results differ by model, with family ownership and ROE, 

subsequently regional factors and vessel groups showing significant correlation in the OLS 

model (1). The time variables significant negative relationship Emissions_prod in the imputed 

fixed effects model (3) suggests that the later the observations the better emissions per DWT. 

These results will be further investigated in the following chapter in relation to hypothesis and 

literature. 
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6. Discussion 

The aim of our study was to examine if ownership structures affect emissions in the shipping 

industry. More precisely, we wanted to see if changes in institutional, family, or public 

ownership changes emissions per DWT over a 10-year period. Our results indicate that family 

ownership has a negative relationship with emissions per DWT. Additionally, profitability 

seem to be positively correlated with emissions per DWT, while we observe a decrease in 

emissions per DWT closer to the present.  

6.1 Ownership structures 

The study indicates that family ownership has a statistically negative correlation with 

emissions per DWT in model 1. When family ownership increases, emissions per DWT on 

average seem to decrease. Further, no statistically significant effect is found in neither of the 

other ownerships nor models. Without significant results, we cannot state whether institutional 

and public ownership has an effect on emissions per DWT. The effects in table 15, might be 

by coincidence if we have no statistically significant results.  

The result for family ownership is in line with our hypothesis, that it has an effect on emissions 

per DWT. From table 3 we see that family ownership is greatest represented with the highest 

average ownership in companies located in the American region. Further, figure 2 provide us 

with an illustration that shows companies located in America disclose the most emission data. 

Reporting of environmental data can potentially lead to a decrease in emission levels (Tomar, 

2023) (Bauckloh, Klein, Pioch, & Schiemann, 2022). Both research deals with mandatory 

reporting, and might not be representative to our study, but it shows the importance of 

reporting emissions data. However, it is not found general evidence for this to be transferable 

to the shipping industry as research have not found a statistically significant result for emission 

reduction to be connected to disclosure of emissions data (Lundkvist, 2023).  

Although not assessed in our study, it is natural to think that companies with great 

representations of family ownership are family companies. Family investors are known for 

longevity and building a legacy through the company, keeping control of the governance of 

the company (Bertrand & Schoar, 2006). Family values can possibly play a part in why it 

seems that higher representation of family ownership decrease emissions per DWT. With a 

growing focus on sustainable investments around the globe according to GSIA (2023), it can 
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affect family governance to follow. This is supported by research from Borsuk et al. (2023) 

that highlight an increased effect on emission reduction in companies governed by family. 

Terlaak et al. (2018) also highlight that companies with a family CEO, disclose more 

environmental information. As already mentioned, both Tomar (2023) and Bauckloh et al. 

(2022) show that mandatory reporting could decrease emissions. Also, monitoring family to 

act according to family values, might be easier than companies with other dominating 

ownership structures due to the distance to management. This can lower agency costs and 

make it easier for companies to make sustainable decisions.  

Our results are in line with Borsuk et al. (2023) and can also be supported by Bendell (2021). 

Borsuk et al. (2023) finds that family companies have less scope 1 emissions than others. 

While they measure this by emission intensity that divides emissions on revenue, we have 

used emissions divided on DWT. We believe emissions per DWT is a better representation for 

emission levels in the shipping industry due to less volatility than revenue. Bendel (2021) find 

family companies to invest more in environmental innovations. Translated to the shipping 

industry, this could mean more investments in sustainable ships. Although support from 

previous literature, this result provides new evidence on the shipping industry. Although 

family companies are found to take side with shareholders rather than society (Abeysekera & 

Fernando, 2020), it does not necessarily contradict our results. If the shareholders are engaged 

in keeping the company sustainable, those two would align.  

To understand why we might end up without statistically significant results for institutional 

and public ownership, we can look at our sample size. When dealing with analysis of 

subgroups, like different ownership structures, we might get too few observations to establish 

a consensus that there is a real effect (Visentin, Cleary, & Hunt, 2020). By that we mean that 

our observations are too few to have enough power to uncover an effect from the dependent 

variables on the independent variable. A general problem is that disclosure of scope 1 

emissions in our population is in short supply. A lot of companies disclose emissions data for 

a few years, and some does not disclose at all. An improvement of disclosure over the recent 

years have been seen in our data. This might be linked to new regulations of mandatory 

disclosure in the industry which came into effect in 2023 (International Maritime 

Organization, 2022). Again, Tomar (2023) points out that regulations coming into action in 

the future will be a motivational factor to disclose more emissions data. Given that, there might 

be no surprise that we have experienced more disclosure in the recent years in our population, 
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however, the scarce overall disclosure, might be a factor as to why we find no statistically 

significant result for an effect from institutional or public ownership on emissions per DWT. 

Another possible explanation is that we do not find any effect for institutional and public 

ownership in the shipping industry which cannot be discarded. Previous research in different 

industries point out both positive and negative relationship between institutional ownership 

and environmental performance (Fernando, Sharfman, & Uysal, 2010) (Chen, Dong, & Lin, 

2020). There is also found statistically significant effects regarding public ownership 

(Ghachem, Basty, & Zureigat, 2022) (Earnhart & Lízal, 2007). Although previous research 

have found an effect on different industry, it does not necessarily translate to the shipping 

industry. Also, not all research have focused solely on emissions, but rather environment and 

sustainability. That is why there might not be any real effects between institutional or public 

ownership and emissions in our study.  

6.2 Financial performance 

In addition to our main analysis, we have controlled for financial performance through pretax 

ROE. We find evidence that a reduction in emissions per DWT correlates with reduced ROE 

in both the OLS model and the fixed effects model. This might indicate that investments in 

sustainable ships is not good for the financial performance of the companies. With increased 

emissions per DWT, the company cannot be as effective as before dealing with emissions 

connected to their daily operations.  

A positive correlation between financial performance and emissions per DWT are interesting 

given the increased focus and investing in sustainable products (GSIA, 2023). If such 

investments create worse financial yield in the shipping industry, you would think that 

companies were more reserved to make investments. This translates especially in shipping 

with high volatility in the global markets Cullinane et al. (2012). A bad year might be critical 

financially, while a boom could possibly save several years. Although we have not assessed 

the reasons behind why the ROE positively correlates with emissions in our study, high-cost 

investments might be a reason. Schnack (2009) found an increase of 22% in costs for a 

sustainable ship compared to a regular ship. This increase equals approximately 5,2 million 

dollars. If the cost is transferable to the reality of our study, it is more understandable that the 

yields are reduced. 
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Our result contrasts with previous research discussed in literature review (Hart & Gautam, 

1996) (Earnhart & Lízal, 2007). When investing in emission reduction, Hart, and Gautam 

(1996) find evidence that both ROA and ROE will increase over time. ROA tends to increase 

in about one year, while ROE use about two years. In other words, to gain on sustainable 

investments, those results indicate that you would want to be in it for the long run. Earnhart 

and Lizal (2007) find evidence that profitability increases environmental performance. They 

point out that liquidity is a crucial factor to be able to invest sustainably. As we observe the 

opposite effect, it could indicate that the shipping industry is tougher, where sustainable 

investments do not pay back in the same way as in other industries. Cucchiella et al.  (2017) 

highlight an increase in demand for companies with an environmental management. This could 

be due to better reputation by going green. However, if customers in the shipping industry do 

not appreciate the green focus over price, the financial performance might take a hit.  

Another possible explanation might be too much focus on sustainability. If management is too 

focused on making sustainable investments, they might invest in unprofitable projects. This 

can happen due to wrong incentives given to the management. As Schnack (2009) points out, 

the increased cost of 22% lead to a minor improvement in carbon emissions of approximately 

7%. Investing in such ships might be bad financial decisions but with a growing sustainable 

focus in the management, these investments could be done regardless. However, the same 

research shows an improvement in operational costs of over one hundred thousand. This can 

support the research from Hart and Gautam (1996) with a delay in improvement of ROA and 

ROE.  

6.3 Time 

Our imputed model provides us with evidence of reduced emissions per DWT over the years. 

As we approach closer to the end of our study period, emissions per DWT seem to be reduced. 

This could highlight the growing focus on sustainability in the world. This is also applicable 

in the shipping industry, with agreed upon strategy to reduce emissions (IMO, 2023).  

Because of these new regulations, there is no surprise that shipping companies already take 

actions to reduce emissions. This is backed up by the research from Tomar (2023) that 

highlight that potential future legislation can affect companies into reduce their emissions. 

Research from Bendell (2021) supports this, by finding that companies invest more in 

environmental innovations to avoid regulatory supervision. The time duration represented in 
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our sample involves a period where the world became increasingly aware of the consequences 

of emissions. Adding mandatory reporting could further enhance emission reduction. When 

companies know that peers and stakeholders can access environmental data, it might add an 

extra competitiveness. This might translate back to the discussion about financial 

performance. With a potential competitive environment, bad financial decisions could occur 

due to staying on top of the competition. To satisfy all stakeholders and creating a reputation 

as environmental-friendly, a narrow focus on sustainability for the sake of it might occur.  

Even though the shipping industry being a major factor in global emission, our analysis 

indicate that the development is progressing towards a greener industry. As time goes by, 

emissions per DWT seem to reduce. This could be linked to mandatory requirements the 

industry is facing now and in the coming years. Borsuk et al. (2023) found that the introduction 

of the Paris agreement in 2015, helped reduce the emissions in the study period between 2010 

and 2019. Although we have not assessed regulations as exogen shocks, our results suggest 

the same with less emissions per DWT closer to present time. It is important to note that the 

result is not due to time alone but rather companies acting towards a greener industry. Partly 

due to regulations such as mandatory reporting and greater awareness of the environment both 

from companies and stakeholders. As other research previously discussed find evidence for, a 

positive relationship between profitability and emissions could have been a factor for reduced 

emissions closer to present. More cost- and emission-effective ships can help push the green 

transition. This however is not supported in our study as profitability and emissions seem to 

correlate with each other. Overall, our study suggests that as time goes by, emissions seem to 

be reduced in the shipping industry, which might be driven by both regulations and 

management. 
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7. Conclusions  

This study aims to contribute to research on the importance of ownership structure related to 

emissions in the global shipping industry. The study looks at three main ownership groups and 

their contribution to reduce emission per DWT when ownership structures changes over a ten-

year period. By using three different models, we have tried to see if certain ownership 

structures have an effect on emission per DWT in an industry with great amount of emissions.  

Our result finds evidence that higher percentage of family ownership on average reduce 

emission per DWT. We find no evidence of any effect on emissions per DWT for neither 

institutional nor public ownerships. This could occur based on both lack of power and effect. 

That is why more research needs to be done on this matter in the shipping industry. 

Furthermore, our results seem to indicate that increased emissions per DWT and profits cannot 

be obtained simultaneously. Research that forms the basis of this study have previously 

concluded that sustainable ships can be expensive, and it seems that our study supports that 

even though other factors can explain why increase in ROE correlates with an increase in 

emission per DWT. Additionally, we find evidence that emission per DWT in the global 

shipping industry have been reduced in general during the data period. As new regulations are 

in subject, we expect to see a continuation of this effect in the coming years, meaning which 

ownership structure dominates, might not be the most decisive factor in reducing emissions. 

We believe we fill a gap in the research regarding ownership structure and its significance for 

emissions per DWT. Not much research has been done previously, making us step into 

undetected research area. As one of the industries that emit the most globally, it is still an 

interesting topic to study more. With mandatory reporting, more observations can be included, 

and the field of shipping can be further explored in the coming years. 
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7.1 Limitations 

Our study aims to explore the ownership structures impact on emissions per DWT in an 

industry which is a huge contributor to global emissions. Topics regarding ownership structure 

and emissions in the shipping industry are mostly unexplored territory. Like all research, ours 

have limitations. 

Firstly, the sample size was decided through lack of emissions data. Some of the companies 

were disclosing data for the whole ten-year period, while others did not disclose at all. As the 

study was dependent of emissions data, total observations were reduced. As discussed, we 

chose to use solely Refinitiv Eikon as source for emissions data to stay consistent and secure 

some kind of reliability to our data. Based on available companies, we could have added more 

to expand our study which could have added more power to our analysis. However, lack of 

environmental data restricted this.  

One issue we have encountered using DWT is the difference between operators and owners in 

the industry. Companies who own their own ships have listed DWT for as good as the whole 

period, while operators have listed only for a few years, or not at all. This affects the number 

of observations available for our study. Operators may have disclosed emissions data for the 

whole period of study, but without DWT, we are not able to analyse the changes. We were 

contemplating to use total assets or tangible assets to get a factor similar to our preferred 

choice, emissions per DWT. However, operators would not have been added to our analysis 

as operators often do not have ships at all in their assets. A third option was to use revenue. 

We were able to find revenue for all company-years, including operators. However, the 

shipping markets are considered highly volatile (Cullinane et al, 2012). This would mean big 

swings in the market which could affect the results. That would have caused uncertainty, given 

that we would not know if emissions reduced, or revenue increased in the period. We chose to 

use DWT as it is the most reliable measure in our opinion.   

 

7.2 Future research 

We urge to treat the study, as all research, with caution as this belongs in undiscovered 

territory. As more research is done, a more thorough approach might be in place, making the 
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topic for research more comprehensive. For future research, the introduction of CII could be 

used to further analyse the topic. As mentioned, we have struggled to gather enough emissions 

data from all the companies. Using emissions productivity is not optimal but up until now 

there have not been a sufficient system of reporting emissions in the industry. With the new 

strategy in place to reduce emission in the industry, mandatory reporting of emissions data 

would make it easier to examine the effect we have tried to research in this study. Having the 

opportunity to use CII rather than emissions productivity would benefit the research field. 

Further research could also use ownership as dependent variable and some kind of emissions 

data would be independent variable. It would be interesting to see if emissions level has some 

kind of effect on the ownership structures, especially over time.  

To further elaborate the research on this field, qualitative studies focused on emissions would 

be welcomed. That could uncover motivation and scepticism towards a greener shipping 

industry. We could get a deeper understanding as to why some investors prefer to reduce 

emissions and why some prefer to neglect it, either in hope of profits or other significant 

reasons. As already mentioned, a study on why different ownership structures tend to reduce 

emissions rather than others would be welcome. This could give an enormous contribution as 

to why managers act as they do when ownership changes over time. Because the field is still 

barely touched, an enormous range of research could be conducted in the following years that 

would contribute to the understanding of owners and their impact on management regarding 

the environment.  
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Appendix 

Appendix 1 ï Main Vessel Type Grouping 

 

 

Appendix 2 ï RMSE results per K interval for imputation. 
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Appendix 3 ï Comparison between the means of DWT, 
Emissions and Revenue 
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Appendix 4 ï Diagnostics linear model 
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Appendix 5 ï Diagnostics fixed effects model. 
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Appendix 6 ï Diagnostics plots Fixed Effects Time Model 
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Appendix 7 ï Companies in the initial dataset 

Number  Name Ticker  

1 2020 Bulkers Ltd 202B.OL 
2 AMA Marine PCL AMAm.BK 
3 AP Moeller - Maersk A/S MAERSKb.CO 
4 Ardmore Shipping Corp ASC.N 
5 Atlantska Plovidba dd ATPL.ZA 
6 Atlas Corp (Canada) ATCO.N 
7 Avance Gas Holding Ltd AVANCE.OL 
8 Awilco LNG ASA ALNG.OL 
9 Belships ASA BELS.OL 

10 Berlian Laju Tanker Tbk PT BLTA.JK 
11 Buana Lintas Lautan Tbk PT BULL.JK 
12 BW LPG Ltd BWLPG.OL 
13 Capital Product Partners LP CPLP.OQ 
14 Castor Maritime Inc CTRM.OQ 
15 China Merchants Energy Shipping Co Ltd 601872.SS 
16 Chinese Maritime Transport Ltd 2612.TW 
17 Compania Sud Americana de Vapores SA VAPORES.SN 
18 Concordia Maritime AB CCORb.ST 
19 COSCO Shipping Energy Transportation Co Ltd 600026.SS 
20 COSCO SHIPPING Holdings Co Ltd 601919.SS 
21 COSCO SHIPPING Specialized Carriers Co Ltd 600428.SS 
22 Costamare Inc CMRE.N 
23 Courage Investment Group Ltd 1145.HK 
24 d'Amico International Shipping SA B7C.MI 
25 Dampskibsselskabet Norden A/S DNORD.CO 
26 Danaos Corp DAC.N 
27 DHT Holdings Inc DHT.N 
28 Diamond S Shipping Inc DSSI.N 
29 Diana Shipping Inc DSX.N 
30 Dorian LPG Ltd LPG.N 
31 DSV DSV.CO 
32 Dynagas LNG Partners LP DLNG.N 
33 Eagle Bulk Shipping Inc EGLE.OQ 
34 Eimskipafelag Islands HF EIM 
35 Eneti Inc NETI.N 
36 Epic Gas Ltd EPIC-ME.OL 
37 Ernst Russ AG HXCKk.DE 
38 EuroDry Ltd EDRY.OQ 
39 Euronav NV EUAV.BR 
40 Euroseas Ltd ESEA.OQ 
41 Evergreen Marine Corp Taiwan Ltd 2603.TW 
42 Exmar NV EXMR.BR 
43 First Ship Lease Trust FSLT.SI 
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44 FLEX LNG Ltd FLNG.OL 
45 Franbo Lines Corp 2641.TWO 
46 Frontline Plc FRO.OL 
47 GasLog Ltd GLOG.N 
48 GasLog Partners LP GLOP.N 
49 Genco Shipping & Trading Ltd GNK.N 
50 Global Ship Lease Inc GSL.N 
51 Globus Maritime Ltd GLBS.OQ 
52 Golar LNG Ltd GLNG.OQ 
53 Golden Ocean Group Ltd GOGL.OQ 
54 Great Eastern Shipping Company Ltd GESC.NS 
55 Great Harvest Maeta Group Holdings Ltd 3683.HK 
56 Grindrod Shipping Holdings Ltd GRIN.OQ 

57 
GSD Denizcilik Gayrimenkul Insaat Sanayi ve Ticaret 
AS GSDDE.IS 

58 Gulf Navigation Holding PJSC GNAV.DU 
59 Hafnia Ltd HAFNIA.OL 
60 Hapag Lloyd AG HLAG.DE 
61 HMM Co Ltd 011200.KS 
62 Hoegh Autoliners HAUTO.OL 
63 Humpuss Intermoda Transportasi Tbk PT HITS.JK 
64 Hunter Group ASA HUNE.OL 
65 Hyundai Glovis Co Ltd 086280.KS 
66 Iino Kaiun Kaisha Ltd 9119.T 
67 International Seaways Inc INSW.N 
68 James Fisher and Sons PLC FSJ 
69 Jinhui Holdings Co Ltd 0137.HK 
70 Kawasaki Kinkai Kisen Kaisha Ltd 9179.T 
71 Kawasaki Kisen Kaisha Ltd 9107.T 
72 Kirby Corporation KEX 
73 Klaveness Combination Carriers ASA KLAV.OL 
74 Knot Offshore Partners LP KNOP.N 
75 Korea Line Corp 005880.KS 
76 KSS Line Ltd 044450.KS 
77 Kyoei Tanker Co Ltd 9130.T 
78 Malaysian Bulk Carriers Bhd MBCB.KL 
79 Matson Inc MATX 
80 Meiji Shipping Co Ltd 9115.T 
81 MISC Bhd MISC.KL 
82 Mitsui OSK Lines Ltd 9104.T 
83 MPC Container Ships ASA MPCC.OL 
84 Nanjing Tanker Corp 601975.SS 
85 National Shipping Company of Saudi Arabia JSC 4030.SE 
86 Navigator Holdings Ltd NVGS.N 
87 Navios Maritime Acquisition Corp NNA.N 
88 Navios Maritime Containers LP NMCI.OQ 
89 Navios Maritime Holdings Inc NM.N 
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90 Navios Maritime Partners LP NMM.N 
91 Nippon Yusen KK 9101.T 
92 Nordic American Tanker Ltd NAT.N 
93 Nordic Shipholding A/S NORDIC.CO 
94 NS United Kaiun Kaisha Ltd 9110.T 
95 Ocean Yield ASA OCY.OL 
96 Odfjell SE ODF.OL 
97 Oht ASA OHT-ME.OL 
98 Okeanis Eco Tankers Corp OET.OL 
99 Orient Overseas (International) Ltd 0316.HK 

100 Pacific Basin Shipping Ltd 2343.HK 
101 Pakistan National Shipping Corp PNSC.PSX 
102 Pan Ocean Co Ltd 028670.KS 
103 Pangaea Logistics Solutions Ltd PANL.OQ 
104 PDZ Holdings Bhd PDZH.KL 
105 Performance Shipping Inc PSHG.OQ 
106 Petrovietnam Transportation Corp PVT.HM 
107 Precious Shipping PCL PSL.BK 
108 Pyxis Tankers Inc PXS.OQ 
109 Qatar Gas Transport Nakilat Co Ltd QPSC QGTS.QA 
110 Qatar Navigation QPSC QNNC.QA 
111 Regional Container Lines PCL RCL.BK 
112 Safe Bulkers Inc SB.N 
113 Samudera Shipping Line Ltd SAMU.SI 
114 Scorpio Tankers Inc STNG.N 
115 Seanergy Maritime Holdings Corp SHIP.OQ 
116 SFL Corporation Ltd SFL.N 
117 Shih Wei Navigation Co Ltd 5608.TW 
118 Shin Yang Group Bhd SYGROUP 
119 shipping corporation of India Ltd SCI.NS 
120 Sincere Navigation Corp 2605.TW 
121 SITC International Holdings Co Ltd 1308.HK 
122 Sovkomflot PAO FLOT.MM 
123 Star Bulk Carriers Corp SBLK.OQ 
124 StealthGas Inc GASS.OQ 
125 Stolt-Nielsen Ltd SNI.OL 
126 Taiwan Navigation Co Ltd 2617.TW 
127 Tamai Steamship Co Ltd 9127.T 
128 Tankerska Next Generation dd TPNR.ZA 
129 Teekay Corp TK.N 
130 Teekay LNG Partners LP TGP.N 
131 Teekay Tankers Ltd TNK.N 
132 Top Ships Inc TOPS.OQ 
133 Torm PLC TRMDa.CO 
134 Tsakos Energy Navigation Ltd TNP.N 
135 U-Ming Marine Transport Corp 2606.TW 
136 Viet Nam Ocean Shipping JSC VOS.HM 
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137 Wallenius Wilhelmsen ASA WALWIL.OL 
138 Wan Hai Lines Ltd 2615.TW 
139 Western Bulk Chartering AS WESTBC.NFF 
140 Wilh Wilhelmsen Holding ASA WWI.OL 
141 Wilson ASA WILS.OL 
142 Wisdom Marine Lines Co Ltd 2637.TW 
143 Yang Ming Marine Transport Corp 2609.TW 
144 ZIM Integrated Shipping Services Ltd ZIM.N 

 

 


