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ABSTRACT

This study aims to comprehensively explore sustainability practices, guidelines, and emerging 
trends in the airline industry through an in-depth analysis of their sustainability reviews. A 
thorough bibliometric analysis of airline sustainability was conducted using the Scopus Data-
base. Additionally, employing text-mining techniques, a meticulous analysis focused on the 
sustainability reports of the leading 20 airlines compared to the subsequent 20, considered as 
followers, in the textual examination of sustainability reports. The results revealed thematic 
disparities between these two cohorts. The top 20 airlines prioritized significant concerns such 
as safety and other sustainability-related aspects like biodiversity. In contrast, follower com-
panies placed a higher emphasis on financial considerations. This analysis illuminates the pri-
mary focuses of airlines and the spectrum of sustainability-related issues. Moreover, offering 
valuable insights for both researchers and industry practitioners, this study presents a reposi-
tory of pertinent data related to sustainability practices in the aviation sector. Integrating text 
mining and bibliometric analysis emphasizes essential facets of airline sustainability, resulting 
in a comprehensive overview of the research landscape.

Cite this article as: Şapaloğlu İ. Text mining on sustainability reports of top 40 airlines and 
bibliometric analysis of airline's sustainability. Environ Res Tec 2024;7(2)186–193.

INTRODUCTION

In recent decades, sustainability has emerged as a critical 
concern for companies worldwide. Organizations now fo-
cus on sustainable solutions to utilize resources effectively 
and contribute to a more habitable world. Solutions prior-
itizing environmental protection have created new oppor-
tunities for gaining a competitive advantage through the 
efficient use of corporate assets [1].
The aviation industry, in particular, faces significant chal-
lenges in balancing operational requirements with environ-
mental stewardship. Airlines have responded to society's 
increasing demand for environmentally sensitive practices 
by incorporating sustainability into their operations, regu-

lations, and reporting methods. While the aviation industry 
offers the opportunity to explore the world, it also places 
a substantial demand on the world's resources. Passenger 
traffic, which stood at 34.4 million (domestic and interna-
tional) in 2003, reached 161 million by November 2022. 
Over the past decade, the aviation sector has witnessed an 
energy consumption increase of over 6% [2]. Currently, avi-
ation contributes to more than 2% of the world's greenhouse 
gas emissions, and in the European Union (EU), this pro-
portion is approximately 3% [3]. Aviation companies have 
heightened their interest in sustainability to avoid carbon 
taxes, reduce operational costs, and build a positive reputa-
tion. Consequently, they have shifted from merely publish-
ing annual financial reports to including "sustainability re-
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ports." Numerous studies in the literature demonstrate the 
relationship between sustainability reports and corporate 
reputation [4–8]. Analyzing sustainability reports, a crucial 
input for corporate reputation is also valuable in examining 
the current situation and concerns of the aviation industry.

This study comprises two main parts: the first involves re-
searching the subject through both bibliometric analysis 
and the Scopus database, and the second aims to discuss 
the findings by applying text mining to the sustainability 
reports published by the top 40 airline companies. The se-
lection of the top 40 is based on their awareness of the im-
portance of sustainability reporting and their status as flag 
carrier companies of different countries.

On the regulatory front, governments are pushing com-
panies towards greater environmental friendliness, ex-
emplified by initiatives such as the Emission Trading 
Scheme (ETS).

This research contributes to the body of knowledge by ex-
amining thematic variations between the sustainability re-
ports of the top 20 airlines and those of their competitors. 
The comparative analysis elucidates the unique priorities 
of these clusters and underscores thematic patterns in sus-
tainability reporting in the aviation industry. By employing 
text-mining techniques, the study provides a new perspec-
tive, offering a thorough understanding of the linguistic 
patterns and emphasized topics in sustainability reports. 
These reports play a crucial role in portraying airline com-
panies as environmentally friendly to their stakeholders. 
Consequently, this study aims to answer the following re-
search questions:

RQ1: What are the most emphasized topics in the sustain-
ability reports of airline companies?

RQ2: Are there thematic differences between the sustain-
ability reports of the top 20 and the followers?

RQ3: Are there similarities and/or differences in trends be-
tween the airline companies' sustainability reports and 
the literature?

The aviation industry's rapid growth poses challenges in 
striking a balance between environmental responsibility 
and operational needs. Grasping the thematic nuances be-
comes critical as airlines increasingly publish sustainability 
reports alongside financial reports. The need to understand 
airline priorities and concerns in the sustainability space 
is the driving force behind this study. Despite the growing 
importance of sustainability reporting, there are still few 
studies systematically comparing the sustainability reports 
of leading airlines. This research aims to fill this knowledge 
gap by providing a thorough analysis of thematic differenc-
es and commonalities, advancing both academic and prac-
tical knowledge in the field.

The study's data comprises information obtained from 
the Scopus database as well as reports published by vari-
ous companies. The presentation of the study results will 
commence alongside the methodology section in the 
third part.

Literature Review
The civil aviation sector has started to pay attention to its 
commitment to minimizing and lowering its environmen-
tal consequences as one of the major sources of energy use 
and carbon emissions [9]. Because of this attention, compa-
nies, society, governments, and regulators want the aviation 
industry to be more sustainable. One of the ways aviation 
companies prove that they are sustainable is through the 
reports they have published. The practice of non-financial 
reporting began in the 1970s with social disclosures, then 
expanded to include broader social and environmental 
reporting in the 1990s. After the turn of the millennium, 
these reports increasingly combined and came to be known 
as sustainability reports [10, 11]. Sustainability reports can 
be used in impression management to keep the company's 
credibility high and as a tool for actions being beneficial 
[12]. One of the methods used in the analysis of sustainabil-
ity reports is text mining. Text mining is the use of natural 
language processing and data mining together, it is a way of 
conducting research with the aim of processing and using 
all human-specific languages [13].
Seo and Itoh, [14] highlight the potential of text mining in 
analyzing passenger word-of-mouth to gain insight into the 
evolution of global airline alliance efforts. Similarly, Tian et 
al. [15] propose a new methodology that uses text mining and 
sentiment analysis to evaluate service quality in the airline in-
dustry, highlighting the potential to extract valuable insights 
from social media data. Additionally, Menezes et al. [16] ad-
vocate combining quantitative longitudinal data analysis with 
text mining and qualitative inferences from sustainability re-
ports to improve understanding and decision-making.
In addition to methodological considerations, it is also cru-
cial to understand the specific focus areas in sustainability 
reports. Moreover, Zhang [17] highlights the importance 
of comparative studies of sustainability reports in different 
regions, highlighting the attention paid by European and 
Asia-Pacific airlines to economic, social, and environmen-
tal issues. That study highlights the importance of consid-
ering regional differences and specific sustainability issues 
in the airline industry.
Additionally, the temporal aspect of sustainability reporting 
is also important. Yang et al. [18] found changing trends 
in corporate social responsibility reporting among the 
world's leading airlines, highlighting the dynamic nature 
of sustainability disclosures over time and across regions. 
Similarly, Paraschi (2022) [19] discusses the importance of 
sustainability reporting strategies, especially during crises 
such as the COVID-19 pandemic, and argues that invest-
ments in ESG (Environmental, Social and Governance) and 
sustainability practices can lead to sustainable profitability 
and market performance.
In the study of Kim and Kim [20] by analyzing sustainabil-
ity reports and newspaper articles with text mining, they 
determined that the concepts of ethical issues, sustainable 
production, quality, and customer roles are emphasized 
in the texts analyzed the most. Health and safety, human 
rights, lowering greenhouse gas emissions, conserving en-
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ergy/improving energy efficiency, and community invest-
ment are the four sectors that are most heavily focused 
in the research of Liew et al., [21] that is based on trends 
on sustainability via text mining. Modapothala and Issac, 
[22] demonstrated that environmental variables contribute 
much more to the explanation of the sustainability report 
based on the text mining results. Zhou et al., (2021) [23] 
by text mining on company sustainability reports, strive to 
identify themes and patterns in how container transport 
businesses disclose sustainability.

Aviation businesses are more likely to participate in such 
reporting if they are located in nations with solid structures 
of government and high ethical and ecological standards 
[24]. The impact of regulators, one of the stakeholders, on 
sustainability is apparent at this point.

MATERIALS AND METHODS

For the bibliometric analysis stage of the study, the pro-
cedures of qualitative content analysis were based on the 
Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) flow chart. In the initial phase, 143 
papers were identified. After scrutinizing Step 2 and elimi-
nating three duplicate documents, I encountered a partially 
Chinese document in Step 3. Following this step, I exam-
ined the paper abstracts and excluded 12 papers that were 
either unrelated or loosely connected in Steps 4 and 5.

Text Mining application on the sustainability reports of the 
top 40 airways followed the below-stated sub-steps:

1. Tokenization: Individual words or terms from the pre-
processed text corpus were separated. To create a collec-
tion of tokens, the text has to be tokenized, or divided 
into its component parts [25].

2. Stop words removal: The tokenized corpus was rid of 
often-used stop words like "the," "is," and "and." It is fair 
to omit these terms from the analysis because they have 
little meaning. The stop words phase significantly im-
pacts the findings [26].

3. Calculation of term frequency: The tokenized corpus's 
term frequency was determined. In addition to provid-
ing insights into the major themes and issues featured 
in the sustainability reports, this stage assisted in iden-
tifying the terms that were used the most frequently 
[27] The most commonly used word groups were deter-
mined by looking at the co-occurrence levels of words 
and the high-frequency words visualized using the fre-
quency histogram and word cloud, as Eles et al. [28] and 
M.-J. Kim et al. [29] did. Researchers frequently apply 
frequency normalization because word frequency can 
strongly depend on document length [30]. One of the 
widely used term frequency normalization strategies is 
augmented normalized term frequency (ANTF) [31]. 
This method was first introduced by Croft [32], who 
described it as 0.5+0.5* tf/max tf, where tfmax is the 
greatest term 3 in a document and tf is the frequency at 
which a term appears in a text.

4. Topic modeling: Latent Dirichlet Allocation (LDA), a 
topic modeling technique, was used to identify latent 
subjects in the sustainability reports. Each document 
received a subject assignment by LDA, which also found 
keywords related to each topic. The reports' underlying 
theme structure was made clear by this examination 
[33]. For each document (among M), choose a Dirichlet 
distribution of K topics (θ*) based on parameters (α*). 
Then, for n = 1, . . . , N, choose:

-A topic zn from a multinomial distribution with parame-
ters (θi).
-A word wn from p(wn | zn, β), a multinomial distribution 
conditioned on zn, with parameters (β*). The joint proba-
bility of document w (consisting of N words), the set of N 
topics z, and the topic mixture θ is [34]:

I utilized R's "tm" package to facilitate document transfer 
and corpus construction. Widely acknowledged as a profi-
cient text mining tool, the "tm" package excels in handling 
corpora, preprocessing data, creating term-document ma-
trices, and more [35]. The textual data underwent a meticu-
lous cleansing process to yield relevant results. This involved 
the removal of punctuation marks, numerals, and excessive 
spaces between pages and paragraphs. Additionally, all let-
ters were converted to lowercase for uniformity. To further 
refine the dataset, stemming was applied to exclude terms 
with similar meanings, transforming them into their base 
forms. Lastly, common English stop words such as 'the' and 
'a' were excluded from the analysis.

RESULTS

Bibliometric Analysis
As explained in the Methodology section, the study con-
sists of bibliometric analysis and analysis of sustainability 
reports. In the first stage of the analysis, 143 documents, 
languages other than English, duplications, and those oth-
er than conference papers, articles, and book chapters were 
removed from the data set. As a result, 127 documents were 
used for analysis. 

Figure 1. Word cloud of 127 documents from scopus.
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As seen in Figure 1, "environmental sustainability" seems to 
be more prominent in the studies in the context of sustain-
ability related to the aviation industry. On the other hand, it 
is observed that economic sustainability and human health 
and quality concerns are also emphasized.
According to the most relevant words in Figure 2, the word 
meaning is sustainable development. This especially shows 
the importance of SDGs even in terms of airways. There are 
positive reflections on the performance of the companies 
that act with the awareness of the SDGs [36, 37].

As has been pointed out in Figure 3 the thematic map 
had five clusters. When the results were considered, niche 
themes were fighter aircraft and alternative fuels. Emerging 
themes were gas turbines and NASA. The Basic (develop-
ing) themes were air transportation, sustainable develop-
ment, and aircraft. Motor (developed) themes although the 
boundaries are not exactly clear were air pollution, pollu-
tion, carbon emission, and carbon dioxide emissions.
As depicted in Table 1, illustrating the frequencies and 
country-specific distribution of documents within the top 

Figure 2. Most relevant words.

Figure 3. Thematic clustering of documents from the literature.
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40 airline lists, it is noteworthy that China, the Netherlands, 
and the USA emerge as prominent contributors, as evident 
in Table 2, where a substantial number of academic studies 
have been conducted. Additionally, the airlines from these 
countries hold positions within the Top 20 airline list. Top 
20 airlines list gathered from Skytrax website [38].

The next part of the study aims to answer the research ques-
tions by analyzing the companies' sustainability reports.

Text Mining on Sustainability Reports
The analysis at this stage compares the top 20 companies 
and the other 20 companies that are followers of them. To 
carry out the analysis in this section, it is necessary to pre-
pare the data first. In this context, the sustainability reports 
in the dataset, which are pdf, have been converted to text 
file format. The average word count of the 40 files examined 
in this section is 7302.154.

Companies in the top 40 in the research were divided into 
two clusters: top 20 and followers. In this way, it is aimed to 
reveal the thematic differences behind the success of the top 
20. It is aimed to compare these two clusters and to provide 
the opportunity to see a shortcoming of the following com-
panies. The varibles used in the analysis process are shown 
in Table 3. In the text files, many elements could not be an-
alyzed because these files were company reports. To get rid 
of all these, the cleaning processes mentioned in the 3rd part 
were carried out. 

Findings of Analysis of the Sustainability Reports
The analysis findings of the documents listed as 40 separate 
document IDs and divided into two clusters, the first 20 and 
the next 20, will be discussed in this section.

When Figure 4 is examined, it is possible to have an idea 
about the priorities of the top 20 companies. For example, 
while safety is the most important issue for the top 20 com-
panies, on the other hand, finances have emerged for the 
followers. It is not surprising that a concept like biodiversity 
is in the top 20 and not in the followers. This may show that 
these companies are aware that they cannot be sustainable 
by using only resources less.

When the bi-gram words in Table 4 are examined, it is seen 
that there ara distinctive differences between the top 20 and 
the followers in parallel with Figure 4. While the top 20 fo-
cus mainly on sustainability, the followers focus more on 
financial issues.

Drawing insights from the content and frequency of the 
text data, themes outlined in Table 5 came to the forefront. 
A few overarching observations emerge from this analysis: 

Topic 1 elucidates the intricate interplay among environmen-
tal responsibility, ethical conduct, security considerations, 
and the realm of business operations. The relationship be-
tween sustainability and employees, as well as monetary con-
cerns, is highlighted in Topic 2. The significance of data and 
reporting on air, carbon, and the environment is demonstrat-
ed in Topic 3. Topic 4 demonstrates how companies integrate 
their sustainability objectives with corporate responsibili-

Table 1. The list of the top 40 airways by country

Airways Country Airways Country

Id1 Qatar Id21 Finland

Id2 Singapore Id22 Bahrain

Id3 UAE Id23 Thailand

Id4 Japan Id24 USA

Id5 Australia Id25 Spain

Id6 Japan Id26 Ethiopia

Id7 Türkiye Id27 Thailand

Id8 France Id28 Greece

Id9 Korea Id29 Singapore

Id10 Switzerland Id30 New Zealand

Id11 Britain Id31 Indonesia

Id12 UAE Id32 Australia

Id13 China Id33 Korea

Id14 China Id34 Saudi Arabia

Id15 Germany Id35 USA

Id16 China Id36 Fiji

Id17 Netherlands/France Id37 Oman

Id18 Taiwan Id38 Kazakhstan

Id19 USA Id39 Canada

Id20 India Id40 Irland

Source: [38].

Table 2. Academic documents frequency by country

Academic documents on Scopus

Country Frequency

Usa 48

China 21

Italy 17

Germany 15

Netherlands 14

Spain 14

Malaysia 10

India 9

UK 9

France 8

Source: Scopus database.

Table 3. Variables of sustainability reports analysis

Variable  Definition

Txt files An independent document id spanning from 1 to 40

Text Text of the under-inquiry work

Cluster 1 Data of top 20 companies [1–20]

Cluster 2 Data of followers companies [21–40]
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ty and social responsibility. The effects of consolidation are 
highlighted in Topic 5, along with the relationship between 
business performance, security, and sustainability.

When evaluated together with the literature findings that 
were mentioned in bibliometric analysis, it is seen that com-
panies do not only refer to environmental and economic 
sustainability but also to social sustainability to emphasize 
that they are aware of their responsibilities towards society 
and their stakeholders.

Figure 2, which shows the most relevant words in the 
literature, is mentioned in the reports, although there is 

no term related to the employees or other social environ-
ment elements. In this context, in Figure 5, words such as 
human, community, employee, and training in the word 
cloud are prominent.

CONCLUSION

This study employs both bibliometric analyses from the 
literature and text-mining techniques on sustainability re-
ports from the top 40 airlines, providing a comprehensive 
examination. The robustness of the findings is strengthened 
by this dual approach, offering a thorough understanding 
of thematic differences. The integration of quantitative and 
qualitative methodologies contributes to the expansion and 
depth of knowledge within the field of airline sustainability.

Results obtained from the bibliometric analysis reveal a 
pronounced emphasis on environmental aspects in sus-
tainability studies within the aviation industry. Countries 
such as China, the Netherlands, India, and the USA emerge 
as key contributors to the academic discourse, featuring a 

Figure 4. Word/frequency graphs of the top 20 and next 20 companies' reports (left side top 20, right side followers).

Table 4. Bi-gram word frequencies of the top 20 and followers

Top 20  Followers

Safety standards 455 Financial statement 470

Climate change 349 Financial assets 390

Sustainable development 319 Aviation fuel 349

Carbon emission 312 Jet fuel 346

Fuel efficiency 310 Health safety 346

Waste management 306 Supply chain 341

Corporate governance 279 Fuel efficiency 339

Employee engagement 262 Carbon emission 320

Risk management 237 Cash flow 220

Environmental impact 192 Corporate governance 217

Table 5. Topic modeling analysis on airline sustainability 
reports (id1-id40)

Topic 1: statement, safety, operation, sustain, green

Topic 2: financial, flight, sustainable, operation, employees 

Topic 3: report, air, carbon, green, environment 

Topic 4: operation, sustainable, board, social, efficiency 

Topic 5: consolidation, operation, governance, safety, sustainable 

Figure 5. Word cloud of the sustainability reports [id1-id40].
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multitude of scientific inquiries, with their respective air-
lines prominently represented in the cohort of the top 40 
airlines. A meticulous nation-wise assessment of scientific 
document frequency underscores these trends.
The research findings hold significant implications for prac-
titioners and policymakers in the aviation industry. Airlines 
can refine their strategies to align with evolving sustainabil-
ity goals by thoroughly understanding the thematic prior-
ities highlighted in sustainability reports. Using these in-
sights, managers can enhance their reporting procedures 
and ensure that sustainability projects are communicated 
to stakeholders more comprehensively and effectively.
Additional insights were derived from text-mining analy-
sis of the sustainability reports of the top 20 airlines and 
their followers. The analysis reveals distinct themes in the 
reports of the top 20 airlines and those of the followers. 
Safety, environmental sustainability, and social responsi-
bility take precedence in the reports of the top 20 airlines, 
while followers place greater emphasis on financial consid-
erations. The reports of the top 20 airlines also feature terms 
like biodiversity more frequently, demonstrating their rec-
ognition of the importance of considering a broader range 
of sustainability issues. As discussed by Paraschi (2022) 
[19], sustainability reporting strategies and investments 
in ESG and sustainability practices can lead to sustainable 
profitability and market performance. Conversely, Yang et 
al. (2020) [18] state in their study that there are changing 
trends in sustainability reports or corporate social respon-
sibility reports, emphasizing the need for airline companies 
to adapt to maintain competitiveness. This study did not 
identify clear distinctions between the top 20 airlines and 
their followers regarding regional differences, as both clus-
ters include airlines from countries with both Western and 
Eastern cultures.
While this study provides valuable insights, it is essen-
tial to acknowledge its limitations. Firstly, the analysis is 
based on sustainability reports made available to the pub-
lic, which may or may not be comprehensive. Additionally, 
the study's focus on the top 40 airlines might overlook the 
diversity present in smaller or regional airlines. The qual-
ity and format of the reports may impact the efficacy of 
text-mining techniques, influencing the extent of the anal-
ysis. Furthermore, the study does not delve into regional 
differences in sustainability priorities, a potential avenue 
for further investigation.
Future studies may explore whether regional differences 
exist in reports based on the countries or regions where air-
line companies are located. Additionally, examining wheth-
er company structures or management types affect differen-
tiation in reports could be a valuable area for investigation.
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