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Abstract 

The airline industry is vital to contemporary civilisation since it is a key player in the globalisation 

process: linking regions, fostering global commerce, promoting tourism and aiding economic and 

social progress. However, there has been little study on the link between the operational 

environment and airline efficiency. Investigating the amalgamation of institutions, organisations 

and strategic decisions is critical to understanding how airlines operate efficiently.  

This research aims to employ the strategy tripod perspective to investigate the efficiency of a 

global airline sample using a non-parametric linear programming method (data envelopment 

analysis [DEA]). Using a Tobit regression, the bootstrapped DEA efficiency change scores are 

further regressed to determine the drivers of efficiency. The strategy tripod is employed to assess 

the impact of institutions, industry and resources on airline efficiency. Institutions are measured 

by global indices of destination attractiveness; industry, including competition, jet fuel and 

business model; and finally, resources, such as the number of full-time employees, alliances, 

ownership and connectivity. The first part of the study uses panel data from 35 major airlines, 

collected from their annual reports for the period 2011 to 2018, and country attractiveness 

indices from global indicators. The second part of the research involves a qualitative data 

collection approach and semi-structured interviews with experts in the field to evaluate the 

impact of COVID-19 on the first part’s significant findings.  

The main findings reveal that airlines operate at a highly competitive level regardless of their 

competition intensity or origin. Furthermore, the unpredictability of the environment 

complicates airline operations. The efficiency drivers of an airline are partially determined by its 

type of business model, its degree of cooperation and how fuel cost is managed. Trade openness 

has a negative influence on airline efficiency. COVID-19 has toppled the airline industry, forcing 

airlines to reconsider their business model and continuously increase cooperation. Human 

resources, sustainability and alternative fuel sources are critical to airline survival. Finally, this 

study provides some evidence for the practicality of the strategy tripod and hints at the need for 

a broader approach in the study of international strategies. 
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Chapter 1 Introduction  

1.1 Research Motivation  

The first part of the research (Chapters 1–5) investigates the determinants of airline efficiency in 

a global setting. From a theoretical perspective, our study incorporates the widely acknowledged 

viewpoints of Peng et al. (2008), Peng et al. (2009) and Su et al. (2016). The strategy tripod mixes 

resource-, industry- and institution-based interpretations to explore factors affecting firms’ 

performances. Following similar research in data envelopment analysis (DEA) (e.g. Assaf, 2011; 

Barros & Peypoch, 2009; Huang et al., 2021; Kweh et al., 2015; Lee & Worthington, 2014; Pointon 

& Mathews, 2016; Wanke et al., 2015; Yuen et al., 2013), we attempt to apply a two-stage 

bootstrap DEA efficiency method to examine variables that have a significant effect on airline 

performance (see IATA, 2018).  

Since the mid-1980s, air transport has witnessed a significant structural and institutional 

transformation. Understanding the environment of operation is crucial to airline success. 

Creating a technique that can capture a broader perspective is problematic and often complex 

(Li et al., 2015). Additionally, in a volatile environment where technological fluctuations evolve 

quickly, firms are more likely to encounter challenges that may hinder their performance.  

The second part (Chapter 6) explores the global aviation industry’s response to the current 

COVID-19 outbreak. The pandemic marked a dismal period in recent history, with enormous 

economic consequences, particularly to the aviation industry (McKibbin & Fernando, 2021). 

COVID-19 has triggered a precipitous decline in demand, putting airlines to the test (Forsyth et 

al., 2020). The majority of airlines were forced to rely on government subsidies (Abate et al., 

2020).  

External shocks play a significant role in any industry; Brown and Kline (2020) classify exogenous 

shocks into three types: macroeconomic, security and health threats. While there is a wealth of 

research on efficiency, the airline industry remains limited in its understanding of how to react 

to external shocks. Our study adds another piece to the puzzle of previous airline efficiency 

studies. Theoretically, this study has three foci: the first is on airline efficiency determinants, the 
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second is on the use of the tripod strategy in airline studies and the third is on how the industry 

responds to external shocks. 

1.2 Background  

Efficient air transportation can boost the regional economy by allowing access to the world 

market, facilitating integration and labour mobility and fostering local industries. In this regard, 

air transport can act as a means of transporting traded goods and providing complementary 

services of labour mobility. The European Commission acknowledged the strategic importance 

of the industry, as it creates more than five million jobs and produces 2.1% of European gross 

domestic product (GDP) (EC, 2020). Across the Atlantic, civil aviation contributes about 460 billion 

dollars (5.4%) of GDP to the US economy and provides 11.8 million jobs (FAA, 2015), supporting 

not only the travel and tourism sector but also serving as an essential input in the path of social 

and economic development of the country. Air transport is a vital hauler of low-bulk cargo and 

high-value products constituting about 40% of world trade (Button, 2008a).  

Over time, significant evolutions have occurred, stemming from globalisation and the 

upgradation in technology, which are shaping the industry. At the same time, the airline industry 

has faced several challenges affecting efficiency, productivity and profitability, including weak 

economic recovery, high fuel prices and global health threats. Thus, the financial performance of 

airlines varies vastly in different regions across the world (Belobaba & Odoni, 2009). Despite the 

setbacks, air transport continues to have a central role, not only because of its enormous 

influence on economic growth but also due to its shared solid and synergistic relationship with 

other important industries (Vasigh et al., 2018). Operations in air transportation networks result 

from complex interactions between passengers, operators and policymakers in their unique local 

and global settings. Air transport is critical for areas that lack good roads or rail infrastructure. 

Health care aids are often delivered only by plane in many isolated villages and tiny islands. ATAG 

(2014) has predicted that there will be more than 6.5 billion passengers in 2030, with aviation 

supporting more than 103 million in employment and 5.8 trillion dollars in economic activity.  
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Air transport studies continue to be published in economics, econometrics, social sciences, 

business and management. Air transport is the subject of more than 4,000 scholarly publications 

as of 2016, and the number of papers that evaluate efficiency in air transportation reaches 2,900 

if we limit our study to those published since 1990 (Bilotkach et al., 2016). 

1.3 Aim and Objectives  

Deregulation has impacted the airline sector; the air transport industry’s assessment of 

productivity, performance and profitability has received a great deal of attention. Since the 

introduction of the single sky in Europe, airlines and airports have placed a strong emphasis on 

performance assessment and benchmarking (Doganis, 2005).  

The airline segment is critical, mainly because it facilitates quick long-distance travel. Airlines are 

at the centre of enabling humans to travel and transport cargo within a few hours over distances 

that would otherwise take other transportation modes days or weeks. Therefore, the industry is 

central to the world’s interconnectivity, allowing people and cargo to move between cities 

thousands of miles apart and ultimately increasing the world’s oneness (Kasarda & Sullivan, 

2006). As the world becomes increasingly globalised, it is becoming impossible for countries to 

exist independently. Instead, they must depend on fast delivery of essential items, especially 

labour, food products, equipment, machinery and medicines. Hence, it is essential to have a 

highly effective airline industry.  

Not only is it vital in realising the interconnectivity and quick movement that globalisation 

demands, it is also instrumental in employing many people worldwide (Boonekamp et al., 2018). 

A fully functional and complete global village makes the sector highly sensitive. Apart from being 

highly sensitive, the industry is also characterised by huge investments (Camilleri, 2018) with 

uncertainties on returns, unlike most sectors, where start-up and working capital are minimal. 

Undoubtedly, managers within the sector have the mammoth task of guaranteeing profitability, 

innovation, safety and competition. Therefore, they need relevant tools at their disposal to 

guarantee their survival.  
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The cause of airline failures can be attributed to external factors, internal factors or a 

combination of both (Ateş et al., 2018). In line with the research motivation, the aim of this 

research is to determine airline efficiency utilising the strategy tripod approach (Peng et al., 

2008), as well as to explore how the recent COVID-19 pandemic transformed the airline industry. 

This research will provide a benchmark for future studies while adding comprehensive knowledge 

and a broader approach to efficiency research on the airline industry.  

Objectives: 

a. To examine the relative differences in airlines concerning optimal efficiency and 

productivity. 

b. To examine the industrial factors that impact the efficiency of an airline. 

c. To examine the resource factors that impact the efficiency of an airline. 

d. To examine the institutional factors that impact the efficiency of an airline. 

e. To examine the use of the strategy tripod theory in determining airline efficiency. Linking 

objectives, b, c and d is objective e, herein attaining the study input as it attempts to 

provide a comprehensive view that links the use of the strategy tripod with airlines’ 

performances.  

f. To explore airlines’ responses to the recent outbreak of COVID-19.  

In order to achieve the research objectives, we attempt to answer the following research 

questions:  

1. What are the external and internal factors that impact the efficiency and productivity of 

an airline? 

2. How can the use of the strategy tripod theory help us in understanding the complex 

operational efficiency determinants in the airline industry? 

3. What has been the impact of COVID-19 on the airline industry and how the industry 

responded? 



5 

 

1.4 Problem Statement  

The vast and global reach of the airline industry has contributed to the complexities and 

sensitivities of researching the industry (O’Connor & Fuellhart, 2012). Governments across the 

globe have fiercely safeguarded and controlled the aviation sector for decades due to its 

significance to the national economy, national security and its unpredictable performance. Many 

regulations and laws have been put in place to limit competition and preserve the business.  

Since the deregulation in 1978, significant structural, institutional and regulatory changes have 

occurred in international air transport. These transformations have resulted in increased market 

competitiveness and razor-thin margins, resulting in the closure of many companies, 

bankruptcies, acquisition and merger activities. Thus, to take full advantage of automation 

processes and strive towards the development of sustainability, the industry needs to be well 

aware of their productivity and efficiency levels. With such drastic swings in the typical operating 

environment, there is an increasing requirement for strategic planning to address uncertainty 

and identify critical problems that will influence the entity’s future behaviours. Additionally, in a 

dynamic sector such as aviation, external influences, such as developing markets, economic 

fluctuations, technical advances, regulatory trends, and political and security instability, serve as 

the foundation for this unpredictability.  

Researchers have focused on examining the performance and operations of the airline industry 

during momentous events, such as the 1991 Gulf Crisis, the 2001 9/11 terror attacks and 2008-

2009 global financial crisis. Further, the 21st century has been the era of technological 

advancements and the time wherein the focus has not just been on deriving competitive 

advantage and profits but also on sustainability. Thus, there is a need to explore these companies 

beyond the industry level, particularly their efficiency and productivity. Not surprisingly, many 

managers often struggle to sustain efficiency and high performance in their respective airlines. 

One of the primary reasons for this is the uncertainty over the key factors that affect the 

performance of airlines. Indeed, we still need to understand how airline performance interrelates 

with the broader context.  
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The current pandemic challenges are an excellent example: the pandemic has been an 

unparalleled organisational crisis that calls into question the existing status quo (Hall et al., 2020; 

Wong & Yang, 2020). This interaction between airline and its operating environment is at the 

heart of the problem we try to investigate. Unfortunately, the aviation industry was unprepared 

for a pandemic as devastating and disastrous as COVID-19, which brought the whole sector to a 

standstill.  

1.5 Nature of the Study 

This study uses primarily quantitative approaches to conduct the research. According to Castellan 

(2010), the quantitative technique is consistent with positivism, which has no prior beliefs about 

the phenomena and depends on the scientific method to analyse and comprehend complicated 

topics. As we develop the two stages of the research, we utilise DEA in the first part to derive the 

efficiency and productivity scores and then use these scores to regress on the external variables 

selected for this study. The quantitative technique is ideal for the study as it allows the use of 

panel data over a period of time and utilises statistical analysis to understand the relationship 

between efficiency and the context of operations (Cui &Yu, 2021). On the other hand, qualitative 

research helps in investigating the human aspect of phenomena and the complexity of a business 

problem or process while also taking into account dynamics such as people’s or groups’ life 

experiences (Hyett et al., 2014).  

In the second part of the research, a qualitative approach is used to capture a more recent and 

ongoing pandemic that has devastated the aviation industry. Semi-structured interviews with 

experts in the area are conducted to examine how the industry reacted during the outbreak and 

how the industry will be transformed by the pandemic. 

1.6 Significance of the Study 

Efficiency can lead to better performance, the source of efficiency is critical, airline managers 

need to understand the context of operation and the regulations of the country they operate in. 
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Managers and policymakers can evaluate and amend the existing practices of a firm at the 

country and regional level to provide the best possible outcome for their airline’s performance. 

1.6.1 Theoretical Implication 

Incorporating the strategy tripod theory is a theoretical opportunity to broaden the study scope 

to understand what contributes to airline performance. The strategy tripod integrates resource-

, institutional- and industry-based views. What Peng (2002), Peng et al. (2008) and Peng et al. 

(2009) attempted to present was a solution to understanding the determinants that drive 

company strategy in a globalised industry. The tripod is the result of a synthesis of previously 

established theories, such as that of resources (Barney, 1991; Wernerfelt, 1984), institutions 

(North, 1990; Scott, 2008) and the industry (Porter, 1980; Porter, 1985a). According to Peng 

(2002), theoretical complementarity may be created by combining already established and 

available ideas. This combination would certainly define the strategic decisions made in the 

national or global market and, as a result, explain a company’s competitive performance.  

This work highlights a wide range of theoretical ramifications. It provides readers with an 

overview of airline efficiency determinants using the strategy tripod framework and identifies 

supporting tools and methods. The theoretical use of the strategy tripod in assessing airline 

performance can be further fine-tuned in future research to pave the way for more advanced 

interactive mixed-methods research. The pandemic gives an ideal opportunity to examine the 

impact of external shocks on the sector and to develop a theoretical lens that can be used to 

analyse future external risks and how to overcome them.  

The study’s results can be used by aviation policymakers, regulatory agencies, civil aviation 

directors and managers, airport authorities, members of national economic boards, aviation 

industry associations, educators and researchers in aviation management disciplines, consultants 

and other strategic planning specialists. 
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1.6.2 Contribution to Business Practice 

The airline industry certainly has an enormous impact on other related industries within a country 

or region. Therefore, it is critical for managers and airline operators to have an in-depth 

knowledge of what drives airline efficiency. Efficient and productive industry can only boost the 

local economy and increase the flow of people, which in turn can help the local economy flourish. 

The results of this study can help the airline industry work on the identified aspects and have 

better efficiency derivation. Along with that, identifying the efficiency and productivity aspects 

helps airlines manage their functions to survive in a competitive environment and derive better 

profitability.  

Raising employees’ awareness to help them develop a new set of values may help stop 

widespread layoffs and improve workers’ cooperation and communication with their unions to 

find common ground and stop more job losses. Communities may benefit from better living 

standards as a result of increasing employment (Garrow & Lurkin, 2021).  

The development and loosening of certain institutional policies at the country and regional level 

may attract consumers and investors so local communities can benefit from the increasing flow 

of passengers (Allroggen et al., 2015).  

Managers may also benefit from researching external shocks and how to overcome barriers 

related to global crises or pandemics in the future. Further, the study’s findings will help to 

provide recommendations for future related research, allowing other scholars to design better 

research methodologies. Ultimately, managers within the airline sector will be able to use the 

study’s findings to improve the performance of their respective airlines. A critical thing to note is 

that the list of variables that can influence an airline’s overall performance is not exhaustive. 

Generally, the degree of influence varies between variables.   
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1.7 Overall view of the research 

The Figure 1. below summarises the essential stages of the research along with the identified 

hypothesis to be tested, the methodology used and the analysis that could be considered further 

 

 

 

 

 

 

 

 

 

 

1.8 Scope of Study 

The scope of this study is limited to specific airlines only. Herein, the work is focused on the 

efficiency examination, contribution in performance comparison and identification of the factors 

that contribute academically in knowledge and suggest strategies for better performance. The 

research considers not only the economic elements but also the industry’s long-term viability 

during and after COVID-19. As a result, the study focuses not only on a quantitative evaluation of 

the efficiency determinants of the chosen global airlines but also on a qualitative means of 

examining the present pandemic and how the airlines responded to such a life-changing event 

as COVID-19.  

Figure 1 Overall view of the research 
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1.9 Operational Definitions 

DEA: Non-parametric method in operations research for the estimation of production frontiers. 

Strategy Tripod: Combines industry-based, resource-based and institution-based factors. 

Deregulation: Airline deregulation is the process of removing government-imposed entry and 

price restrictions on airlines. 

Global Indices: Measure the economic, social and political dimensions of globalisation. 

Open Skies Agreement: An international policy concept, which liberalises rules and regulations. 

Business Model (BM): Describes how an organisation creates, delivers and captures value. 

Low-Cost Carrier (LCC): No-frills budget or discount carrier or airline. 

Full-Service Carrier (FSC): Offers various passenger services, such as in-flight entertainment, 

meals, beverages and comforts in the ticket price. 

Fuel Hedging: Establishing a fixed or capped cost via a commodity swap or option. 

COVID-19: Coronavirus disease is an infectious disease caused by the SARS-CoV-2 virus. 

1.10 Thesis Structure 

• Chapter 1 - Introduction: This chapter provides basic information about the global airline 

industry and establishes the background of the study by discussing the status of the global 

airline industry, significant reforms undertaken in the industry and the aspects influencing 

the productivity and efficiency of the industry. Further, it presents the study’s problem 

statement and the research aims and objectives, followed by research questions, 

significance and the scope of the study.  

• Chapter 2 - Literature Review: This section is based on a review of previously available 

research and academic studies to shed light on the aspects already explored and identified 
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by researchers. It presents a description of developments in the airline industry, efficiency 

in airlines and an empirical review of the research. The importance of institutions and 

country attractiveness are explored as well as the theoretical lens of the strategy tripod 

and the identification of variables influencing the efficiency and productivity of the global 

airline industry. 

• Chapter 3 - Hypothesis Development: This part of the research examines the utilisation of 

the strategy tripod to help us identify the variables influencing the efficiency and 

productivity of the global airline industry. 

• Chapter 4 - Research Methodology: The methodology provides a plan of the study by 

discussing the research approach, data collection procedure, data analysis procedure and 

the reliability and validity of the study with detailed description of the source of data 

collection, selection criteria and the tools and methods of analysing data. 

• Chapter 5 - Data Analysis and Discussion: Two levels of analysis are presented in this 

chapter. The first assesses the airlines productivity and efficiency. The second stage uses 

regression analysis to compute the source of efficiency differentials. The findings and 

outcomes of the research are presented and discussed in the discussion section. 

• Chapter 6 - COVID-19: This section of the study is a self-contained chapter, including a 

related literature evaluation, research methods and an analysis of the findings. It focuses 

mostly on the aviation industry’s response to COVID-19. 

• Chapter 7 - Conclusion and Recommendations: Herein, the cohesive conclusion is drawn 

from examining the global airline industry, and the relevant key findings are provided to 

answer the study’s objectives. The recommendations, the limitations of this study and the 

scope for future study are also presented. 
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Chapter 2 Literature Review  

2.1 Overview of the Chapter  

The importance of air transportation to a country’s economic and social growth has been 

recognised in the literature. According to Daley (2009), aviation offers companies the opportunity 

to expand and penetrate into new markets. It promotes corporate specialisation by generating 

scale economies and stimulating direct foreign investment and social benefits, such as workforce 

mobility, leisure travel and cultural exchange. This chapter will commence with a brief history of 

aviation up to the deregulation of the industry in 1978. Following that, we will go through the 

factors that influence efficiency, as well as a thorough analysis of the literature on efficiency 

studies. When working on a global scale, the importance of institutions cannot be overstated. 

The significance of a country’s attractiveness is examined in terms of generating a beneficial 

environment for businesses to prosper. The theoretical application of the strategy tripod, as well 

as the identification of many fundamental factors that have been identified as major drivers of 

airline efficiency. This chapter will close with a few concluding observations. 

2.2 Early Development in the Airline Industry 

The world suddenly changed on the historic day when the Wright brothers managed to take a 

controllable flying machine into the air in 1903 in North Carolina. A few years after the Wright 

brothers’ flight, in 1906, humanity witnessed another step towards the advancement of aviation 

when the French aviator Louis Bleriot crossed the English Channel (Fox, 2017). This crossing was 

again a significant challenge, as it marked the first international flight that brought many 

uncertainties, fears and questions. Who is authorised to control the airspace above us (Fox, 

2017)? As a result, air freedom regulations were born.  

At the time, only a few states supported the idea of freeing the air universally like the high oceans. 

The French and German governments opposed this idea at the international aviation conference 

held in Paris in 1910 (see Mackenzie, 2010, pp. 12–23). The idea of a state’s sway over its airspace 
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was affirmed during the Paris aviation conference towards the end of the First World War, which 

resulted in the formation of the Paris Accord (Jeon, 2011, p. 239).  

Paris was then the world’s capital (MacMillan, 2007). Cooper (1952) wrote that the initial political 

discussion to study flight constraint and regulation was organised in Paris in 1910 only to be 

suspended one month later, lacking any conclusion. Indeed, the First World War would confirm 

the importance of aviation in military operations. Most of the convention provisions stressed that 

the military had an apparent stimulus on the Paris Convention outcome and contributed mainly 

to its restricted geographical reach.  

The primary outcome of the Paris Convention was the granting of what is known as ‘cabotage 

rights’, subject to multilateral agreements between contracting parties (Cooper, 1952). 

According to De Leon (1992), cabotage is derived from the French verb caboter (from the Spanish 

cabo, or cape, meaning navigating near the shoreline without losing sight of it). Cabotage is 

usually not given under most Open Skies agreements. The ability to operate under cabotage 

freedom is uncommon in civil air transport and still exists today (De Leon, 1992).  

In 1919, the French government organised the Paris Convention. It was initially labelled the 

Convention Relating to the Regulation of Aerial Navigation. The uniqueness and importance of 

this convention were that it was the first-ever universal gathering to address the political 

complications and complexity of operating at the international aerial navigation level. The 

convention was established with the support of the International Commission for Air Navigation, 

which is identified today as the International Civil Aviation Organization (ICAO) (see Fox, 2014). 

The convention aimed to minimise the mystification of earlier viewpoints and strategies deployed 

by each state by laying down some fundamental values and requirements agreed upon and 

signed in Paris. One of the most important outcomes of the Paris Convention was that every 

country had absolute sovereignty over the airspace overlying its territories and waters. Later, the 

Paris Convention was replaced by the Convention on International Civil Aviation (also known as 

the Chicago Convention). 
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2.3 The Chicago Convention 

The Chicago Convention was chartered with the performance of many tasks. One of the purposes 

of the assembly was to develop a secure and safe traffic system; this was only made possible by 

the members’ belief that there was a need for an international agreement that governed air 

movement internationally. Some of the preliminary complications with the convention were that 

some members sought complete freedom of operation, while others wanted a more controlled 

airspace overriding international authority (Fox, 2014).  

The plan offered by the US at the Chicago Convention consisted of a United Nations type of 

organisation, with considerable power in technical matters and as little regulation as possible. 

The US proposals presumed that market forces would set frequencies and fares without 

international interference (Fox & Ismail, 2017). As a result of the convention, the only uncertainty 

was the question of capacity and the frequency of control of the services offered by global 

airlines. The stalemate over this issue resulted in Article 6 of the Chicago Convention, which 

states that no scheduled international air service may be operated over or into the territory of a 

contracting state, except with the special permission or other authorisation of that state, and 

under the terms of such permission or authorisation.  

The characteristics of the provocative fifth freedom, which gives the right to travel between two 

foreign nations on a flight that originates or terminates in one's own country, were at the root of 

this Article 6 debate. The grant of the fifth freedom was not the issue because a degree of fifth 

freedom rights is indispensable to an international air route network operation. Rather, the 

crucial disagreement was over the regulation of capacity concerning the fifth freedom. Even 

though the Chicago Convention failed to achieve a multilateral exchange of commercial traffic 

rights, it has had a bigger effect on bilateral agreements than is usually thought (Barry, 2017). 

2.4 The Global Airline Industry  

Globalisation has led to a more miniature world, full of opportunity and openness to new 

markets. Deploying human capital on a global scale remains a significant factor in developing the 

economy worldwide (Fox, 2017). Due to the complexity of its operational process and its impact 
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on associated industries, such as trade, tourism and aircraft manufacturing, it has gained 

considerable attention from governments, policymakers, consumers and the media (Belobaba et 

al., 2016; Muthusamy & Kalpana, 2018).  

The extraordinary growth of the air transport industry started in 1950 with major technological 

innovations, such as the inception of jet airplanes. During this time, airlines were under strict 

regulations, which created an environment wherein government policy and technological 

advancement favoured competition. By 1978, this scenario changed as economic deregulation 

for US airlines took place. Instead of relying on government policies and innovation, the focus 

shifted towards better operational performance and profitability, competitive behaviour and 

cost efficiency. This liberalisation spread worldwide, mostly in industrialised countries, with 

increased focus on the industry’s constant evolution to make the airline industry internationally 

more competitive (Belobaba & Odoni, 2009).  

Air travel has grown 5% over the past 30 years, with slight variation due to the difference in the 

economics of regions and the ever-changing economic state. For example, world air traffic 

declined in 1991 due to the Gulf Crisis, in 2001 owing to the 9/11 terror attacks in the US and in 

2009 during the global financial crisis (IATA, 2016). North America continued to be the region 

with the highest air traffic, followed by Europe and Asia-Pacific. Africa has the least amount of 

revenue generated from air traffic. The rise of the airline industry in different parts of the world 

with growth-orientated marketing approaches generates pressure and surely edges the 

international market to an even more competitive environment (O’Connell, 2011). 

2.5 The Effect of Airline Deregulation  

Substantial operational, institutional and governmental deviations have occurred in the air 

transport industry since its deregulation in 1978. Known for his contributions to the airline 

deregulation movement, Alfred Kahn has been described as the ‘father of the airline deregulation 

drive’ (Rose, 2012. p. 376). In the early seventies, unemployment and rising inflation rates were 

very high, with economies such as the US’ experiencing a period of stagnation (see Greenspan, 

2008). This unstable and risky atmosphere paved the way for sweeping regulatory changes. At 
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the beginning of the regulatory changes, both consumers and businesses hesitated over whether 

deregulation would benefit either group.  

There were still powerful institutions opposed to changes, mainly from large and well-established 

organisations and their unionised workers. The immediate effect of deregulation was the control 

of prices, as price restrictions were eliminated, leading to a more competitive environment and 

a drop in average prices. With the new settings, the airline sector underwent a radical 

transformation. The early years of deregulation witnessed many changes to the market, forcing 

well-established airlines to expand and venture into new areas. New carriers were forming, and 

new LCCs were introduced to the market. By 1984, several companies had failed, with an 

increasing number of liquidations and acquisitions having occurred. During the following years, 

industry concentration increased, especially on hub routes, raising concerns about the exercise 

of market power and the durability of early deregulation price reductions.  

The deregulation in the airline industry led to a reduction in the average prices and more frequent 

and direct flights to destinations. We detected a radical transformation in the network structure 

with better and improved productivity, especially in the US (e.g., Borenstein & Rose, 2007). One 

of the effects of lowering prices raised concerns about packed flights and poor service quality, 

especially among business commuters; the competitive market has proven that most customers 

are ready to trade comfort for lower prices (Khan, 2003, p. 3).  

The massive changes in the operation of the airline industry, even after 40 years of deregulation, 

continue to be a source of worry. Razor-thin margins and fluctuating aggregate earnings, as well 

as a high rate of firm turnover and bankruptcies, have been at the heart of such controversy, 

particularly among those advocating a return to regulation. Moreover, although average prices 

have dropped, fare differences have continued to fluctuate (Borenstein & Rose, 2007). Morrison 

and Winston (2010) developed a counterfactual model using the regulatory standard industry 

fare level. It is assumed that prices in the deregulated marketplace would have been equal to or 

lower than those established by the regulatory body if they had not been abolished. Rates in 

2005 were approximately 30% cheaper than the predicted standard industry formula fares that 
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year. In contrast to the above analysis, the lower estimate still indicates that the net impact on 

consumer welfare would rise by about 28 billion dollars in that year.  

Furthermore, load factors also improved much more than anticipated; by early 1980, load factors 

had climbed to 60%. By 1990, they had reached 70% and figures are even higher nowadays, 

especially for LCCs. It is also worth mentioning that the effects of airline deregulation were much 

more extensive since they altered the network from a linear point-to-point structure to a hub-

and-spoke one. Developing a more extensive network capability, with improvement in the 

scheduling and frequency of flights, allows customers to fly in the morning, attend to their 

business during the day and return home at night (Morrison & Winston, 2010).  

The change in market structure has encouraged many old and well-established trunk carriers to 

acquire smaller local service providers that operate within their hub cities. Lastly, deregulation 

stimulated people to travel more due to the spillover impact of reduced costs. Efficiency also 

improved with more privatisation plans, especially those that had previously been controlled by 

the government. Even though there is still considerable scepticism about changing regulations, 

such as ownership and access to airport control on a global scale. This could be less evident at 

the domestic level in large countries, such as the US or China.  

From a globalisation point of view, it is clear that the days of stringent control of the airline 

industry are disappearing. Severin and Nancy (2008) claim that the deregulation of the airline 

sector has failed to develop a new equilibrium and a healthier environment for the airline 

industry to operate in. In reality, deregulation has opened the door for more innovative ideas 

and more competition. We have seen a shift and an advanced industry emerge over time. Today, 

airlines operate differently; the advancement in aircraft manufacturing, better navigational 

operations and more regional integration have contributed to the change in the way airlines 

operate. Indeed, what deregulation allowed for was a more dynamic rather than static industry. 

Perhaps, we conclude with Baily’s (2010) remarks, stressing that the ‘aviation deregulation act 

may be the most important microeconomic policy achievement of the last century’ (p. 200). 
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2.6 Radical Reforms in the Global Airline Industry 

Air transport has always been held to an inherently strategic value. Many airlines are still flag 

carriers for their respective countries, representing their countries’ international commercial 

presence. Airlines used to be considered potential transporters of high-speed mail services and 

long-term or medium-term passenger transport. However, technology developments have made 

them a more reliable source of intercontinental services, with a rise in their international 

significance since the 1930s. Airlines were always a highly regulated transportation medium, with 

associated economic and political objectives.  

Technological advancements after the Second World War led to the introduction of planes with 

higher speeds, extended flying range, increased ability to cope with adverse weather, enhanced 

efficiency of navigation, better air traffic control and improved airport facilities and 

communications (Button, 2008b). The Chicago Convention of 1944 laid the foundation for the 

new international potential of civil aviation and the institutional structure for having more than 

10,000 bilateral air service agreements between nations. Focusing on the grant of rights, capacity 

clause, tariff approval, withholding, designation, statistics and cooperative arrangements, this 

effort resulted in better protectionism maintenance between nations, sharing of revenue and 

variation in fares (Oum et al., 2010).  

In 1950, the computerised reservation system (CRS) was developed in the US and implemented 

in 1962 to support reservation agents in managing the distribution process (Belobaba et al., 

2016). After that, in late 1978, the US broke their regulatory structure by initiating deregulation 

of airlines across the world to reduce government involvement in airlines’ economic regulations. 

In 1979, the US enacted the International Air Transportation Competition Act to promote 

liberalised bilateral agreements between nations, leading to the first successful Open Skies 

agreement between the Netherlands and the US in 1992. By 2008, the country had signed Open 

Skies agreements in six continents and with a total of 94 countries (Oum et al., 2010). From 1988 

to 1997, the European Union (EU) implemented three air transport liberalisation packages, and 

by 2007, recognising the EU as a common market, 66 countries allowed air carriers for flight 

operations between Europe and these countries (Oum et al., 2010). These deregulations resulted 
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in a higher growth rate, and even the fares decreased. US airline fares in 2013 were 40% below 

the prices of airlines in 1978. Due to market competition and the need to cut costs, many airlines 

saw a rise in profit volatility, bankruptcies of airlines, job losses and mergers (Belobaba et al., 

2016).  

In 1990, international air transport liberalisation took place to support airlines’ growth in an 

unconstrained environment. This led to growth in annual passengers by 46%, i.e. from 1.457 

billion to 2.1 billion passengers per year in 2007 (Oum et al., 2010). These reforms, though, 

predict a rise in the performance of airlines by increasing the number of passengers from 2.7 

billion in 2010 to 5.9 billion in 2030, with the number of jobs increasing from 8.36 million to 12.1 

million. However, the constraints of infrastructure, lack of runways, lack of trained workers and 

increased emissions have degraded the efficiency of airlines. Thus, reforms were undertaken to 

create a sustainable civil aviation industry by improving air navigation systems and training, 

increasing airports’ capacities and improving fuel efficiency (ATAG, 2018; ILO, 2013).  

Technology has also improved by enabling frictionless travel with biometrics and humanising the 

experience through artificial intelligence, robotic revolution and automation. Seamless data 

sharing via blockchain, travelling in augmented or virtual reality and passenger experience and 

the internet of things (WNS, 2018). 

2.7 Aspects Influencing the Efficiency and Productivity of Airlines 

The airline industry contributes to economic development in many ways. It helps increase 

economic cooperation and globalisation, international movements of goods or services and job 

opportunities. As a result, there is a requirement to oversee the operation of this industry. Thus, 

the efficiency of the aviation sector is critical to the growth of the economy (Ahmad & Khan, 

2011). In the airline industry, productivity is encouraged through privatisation and deregulation, 

wherein private ownership and high-standard operations are promoted. Deregulation has 

resulted in regulation and proper management accountability for protecting the lives and 

interests of passengers (Ejem et al., 2017).  
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The airline industry is recognised as a resource-intensive industry despite having a long capital-

investment gestation period. There is a need for continuous upgradation of facilities and 

equipment with technological advancements. Because the resources used in the airline industry’s 

production process are expensive, there is a need to use them effectively. The resource-based 

model tends to identify all the internal resources of airlines, i.e. physical, intangible or human 

resources (HR), such as type of employment, size, aircraft fleet composition or establishment 

reputation, which tend to affect the functioning of the airline industry (Low & Lee, 2014). 

Although the highly regulated environment enhanced profitability by effectively utilising 

strategic resources and pursuing an efficiency-orientated strategy, a sustainable competitive 

advantage could not be derived (Mattos & Fregnani, 2016). With deregulation, efficient 

management practices were promoted, productivity improved and higher-quality services were 

provided to customers. The emphasis shifted towards flight frequency, in-flight services and 

geographical coverage. Even aspects such as on-time performance, fuel prices, employee 

salaries, passenger load factor and maintenance cost per flight hour tend to directly affect the 

productivity and efficiency of industries and influence their profitability (Parast & Fini, 2010).  

The aviation industry has become very resource- and infrastructure-efficient as a result of its 

reliance on technology and pursuit of sustainability. The fuel costs, labour costs, the expansion 

of the market and the production aspects tend to affect airlines’ efficiency. Lately, airlines are 

shifting towards becoming more fuel-efficient and thereby reinforcing improvements in 

productivity by reducing associated costs and expanding the market (ATAG, 2008).  

BMs, liberalisation policies, ownership and control, airline cooperation and airline size could all 

be used to boost productivity and efficiency. Variables such as ground crew, flight attendants, 

employees, number of passengers, revenue passenger miles (RPM), revenue tonne-mile, 

available seat mile, average flight length and average load factor tend to measure the 

productivity of airlines (Muthusamy & Kalpana, 2018). An increase in prices and the introduction 

of legislative restrictions on managing greenhouse gases (GHGs) has led to the need for a source 

that would improve environmental and operational efficiency and harness the benefits of these 

efficiencies (Beck et al., 2011).  
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Organisations are influenced not only by internal factors but also by external factors that have a 

broader and interorganisational impact. For example, the airline industry, with its international 

connectivity, is influenced by air passenger demand, income per capita, production index, 

inflation rate, exchange rate, environmental awareness, terrorism threat, foreign competition, 

global pandemics or fluctuating oil prices. Another aspect that can influence airline performance 

and directly affect its efficiency is the environment in which it operates. The institutional and 

regulatory constraints implemented in different countries differ depending on the region or 

continent. Therefore, institutions that oversee the context of operation and the type of 

regulation are essential aspects of airline performance; incorporating the institutional theory 

within our study can provide us with a much wider lens on how firms manage the consequences 

of external and internal pressures (North, 1991; Peng et al., 2008; Seсilmis & Koс, 2016; Wan & 

Hoskisson, 2003; Zhu et al., 2019). To that extent, to understand the role of airlines in economic 

prosperity, the industry focus on superior maintenance of their productivity and efficiency by 

working on the perspectives of industry, resource-based and institutional factors in order to build 

a better connection between firms’ performance and the environments they operate in. 

2.8 Aviation and Economic Activity  

The aviation industry has surely transformed, with a significant improvement in the industry’s 

operational, technical and management capabilities. In 2019 alone, airlines around the globe 

transported more than 4.54 billion passengers through their global network (ICAO, 2020). This 

increase is more than double the number of passengers carried in the year 2005. With the 

increased activities in the global arena, we witness an interactive and closely knotted relationship 

between both air transport and economic activity.  

Looking at previous annals and today’s statistics, we see a huge transformation in the number of 

passengers carried and the amount of freight transported worldwide. At the same time, we 

witness the global GDP triple from 12 to 36 trillion US dollars (World Bank, 2008). As the use of 

air transportation keeps rising, we detect a more cemented role in the global economy. In 2004, 

40% of international tourists travelled by air, and 40% of interregional commodities were airlifted 

(ATAG, 2005). For perishable products and time-sensitive individuals, air transportation is the 
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only feasible long-distance mode of transport. It is often the only channel of access to many 

physically isolated areas.  

Air transportation facilitates access to markets, people, money, knowledge, opportunity and 

resources. As a result, the availability of air transportation broadens the geographic scope and 

duration of economic activity. Several mechanisms exist to control the relationship depending on 

the combination of various economic and air transportation structures. The nature of air 

transportation flows differs in each economy as a result of these distinct features. In certain 

countries, international visitors account for the bulk of passengers, while in others, domestic 

traffic predominates. Domestic traffic patterns inside the US, for example, account for 90% of all 

US passengers, while almost 90% of Ireland’s passengers travel internationally (Williams, 2002). 

The examination of the broader effect on economies and the additional direct connection 

between them is probably still in its infancy within academic research (Duval, 2013). 

Furthermore, the connections between the external environment and other principles 

influencing aviation performance, such as international law, new industrial economies and 

international commerce, are often missing in studies trying to understand the relationship 

between economic activities and air transport performance.  

Governments may put regulatory limits on access, climate policies, immigration restrictions or 

economic changes to provide air transport with a greater chance of reducing uncertainty and 

future crises. Contextual differences become more obvious when one attempts to adapt 

concepts and findings from one country to another. Collaboration and diversity have also sparked 

the interest of academics (e.g. Hitt et al., 1997; Tallman & Li, 1996). Despite its significance, this 

area of research has focused its theoretical and empirical attention on a few industrialised 

regions, notably the US, Japan and Europe. It has seldom examined businesses in other less 

developed regions (Tallman & Shenkar, 1990). Additional research is required to establish 

whether different regulatory setups may benefit businesses operating in different national 

contexts.  

What is lacking here is studies on what relationships exist between companies’ diversification 

strategies and their financial success from an institutional economics philosophy as a starting 
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point (e.g. Clague, 1997; North, 1990; Wan & Hoskisson, 2003). Previous theories of cooperative 

diversification have explicitly recognised the importance of the home country’s environment and 

that their levels of environmental stewardship vary (Bennett et al., 2018; Castrogiovanni, 1991; 

Dess & Beard, 1984; Tang & Buckley, 2020)). Perhaps the emphasis is to highlight the significance 

of the home country environment by expanding our knowledge of cooperative diversification by 

clarifying the performance implications of product and international diversification strategies via 

the lens of institutional economies (North, 1990). Also, focusing our study on a global sample 

makes it credible to achieve better results in a more universal and diverse model. This will surely 

enhance our results and provide a better understanding of how to research in a diverse global 

environment. 

2.9 Efficiency Measurement Concepts 

The capacity of an entity to maximise output production while reducing input utilised for that 

specific production is described by the term’s efficiency or productivity, which are often used 

interchangeably. Meanwhile, total factor productivity (TFP) assesses an entity’s productive 

efficiency by calculating the aggregate output generated by the unit of aggregate input (Saini, 

2018). Within the parametric approach, estimation of production frontiers has taken two general 

paths: (1) deterministic frontiers, which force all observations to be on or below the frontier, and 

any deviation from the frontier is attributed to inefficiency; and (2) stochastic frontiers, which 

decompose a deviation from the frontier into a random component reflecting measurement 

error and statistical noise, including a component reflecting inefficiency. Hence, productivity and 

efficiency are concerned with the number of input units required to generate a certain number 

of outputs. 

Furthermore, these measures of efficiency are not the same as profitability (or other financial 

performance indicators). Profitability is defined as a company’s capacity to earn profits in 

proportion to its costs. Therefore, it is impacted by the prices of its goods and the prices of the 

inputs used in production. The air transport industry has always been regarded as a 

transportation medium whose functioning is influenced by political, economic and cultural 

aspects (Kazemi & Bagherieh-mashhadi, 2014). Thus, in air transport, efficiency is described as 
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the relative ability of the individual airline to maximise their performance and minimise resource 

consumption (Saini, 2018). Indeed, the growth in air transport, technological advancement, 

aviation deregulation and substantial investments have led to rapid growth and a very complex 

industry (Coli et al., 2011). With a global operation, differences exist in production factors, costs, 

sensitivities to political and economic developments and multilateral cooperation between 

countries and companies from different parts of the world. Thus, all these variations pile up to 

intensify the competition among airlines, leading to a more complex and efficient operation. 

Moreover, maximising the efficiencies improves competition and derives acceptable returns for 

their investments. Airlines worldwide have consolidated their activities, reduced costs and 

modernised their fleet to have more efficient fuel consumption and an extended range (Ahmad 

& Khan, 2011). 

In the past, the methodology to determine airline efficiency used the single output and input 

method. These partial measures could not adequately compute the overall productivity of 

airlines. This limitation led to a shift in measuring efficiency, where multiple inputs and outputs 

could be used. Caves et al. (1982) initiated this method to measure the efficiency of US airlines 

during the 1970s, with many researchers applying the same approach. For example, researchers 

have used total revenue, revenue per kilometre, average stage length, the number of 

destinations served, total operational cost, load factor, fuel price, average wage and employee 

number. A few examples are discussed in the following paragraphs: 

Gillen et al. (1987) assessed the efficiency of Canadian airlines using the TFP method, and Oum 

et al. (2005) focused on 10 key airlines’ efficiency in North America in terms of cost 

competitiveness. They looked at the TFP by inserting multiple inputs, such as fuel cost, labour, 

aircraft numbers and materials, into a single input index and multiple outputs, such as freight, 

passenger revenue per kilometre and incidental services, into a single output index. 

Nyshadham and Rao (2000), like Caves et al. (1984), examined the major and regional US carriers 

from 1970 to 1981 by considering different cost components concerning airline network 

operations. Although the primary TFP measure was a significant breakthrough in measuring 

efficiency, especially when considering multiple inputs and outputs, more innovative and 
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practical models were still developing that could capture the efficiency frontier more precisely. 

The result was the introduction of a non-parametric approach methodology such as DEA, which 

enabled the assessment of decision-making units (DMUs) using multiple inputs and outputs. 

Hence, DEA become a modern approach for computing the productivity and efficiency of many 

industries (Duygun et al., 2013). This methodology compares the efficiency of DMUs by 

contributing to the establishment of best practices and benchmarks for defining the operational 

efficiency frontier. Earlier studies in airline efficiency analysis using DEA methodology focused on 

the examination of traditional business operations, wherein the focus was on the conversion of 

inputs, such as materials, labour or capital, into revenue-generating capabilities of the industry.   

For airlines, popular methods include input-orientated models (minimisation of input to achieve 

a similar level of output), output-orientated models (maximisation of output at a given level of 

input) and base-orientated models (equal optimisation of output production and input 

consumption) analysis (Scheraga, 2004a). Since the inception of DEA, a number of different 

approaches have been created and refined. Over the years, the method has gained popularity 

and application because it is simple to use, can assess multifactor production efficiencies by 

integrating a large number of diverse inputs and outputs into a single efficiency score and does 

not necessitate the use of any statistical processes.  

DEA is the only feasible paradigm that connects all of the aspects of efficiency by examining the 

connection between each input and output to obtain a scalar measure of performance that is 

comparable across industries (Schefczyk, 1993). An in-depth discussion of the DEA technique is 

provided in the methodology part of this document. Existing efficiency models are always being 

improved, and new extensions are constantly being added to the stream of research. See 

Appendix 14 for more information on the various types of DEA that have been introduced in the 

field of efficiency research. According to Simar and Wilson (1998), the DEA methodology has a 

key flaw in that it does not account for noise or random errors while computing efficiency scores. 

The bootstrap method, which is used to check the statistical biases of calculations, was their 

solution to this problem. 
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2.10 Efficiency Studies in the Airline Industry 

DEA research has developed into a powerful quantitative diagnostic tool for measuring and 

evaluating performance. In Table 1 we provide an up-to-date survey of the previous DEA research 

that has been summarised and indexed by different authors in the DEA literature.  

Table 1 Data envelopment analysis (DEA) research citation-based literature review 

Authors Research Title Research Summary Journal  

Seiford (1997) 
 

A bibliography for DEA 1978–
1996 

A bibliography of DEA-related 
literature that serves as a one-stop 
source, allowing for more 
advancement in the area. 

Annals of 
Operations 
Research 

Gattoufi et al. 
(2004) 

Epistemology of DEA and 
comparison with other fields 
of OR/MS for relevance to 
applications 

The article discusses statistical trends 
within DEA. 

Socio-Economic 
Planning sciences 

Emrouznejada et 
al. 
(2008) 

Evaluation of research in 
efficiency and productivity: A 
survey and analysis of the first 
30 years of scholarly literature 
in DEA 
 

From its beginning until the year 2007, 
this study presents a comprehensive 
account of DEA research that includes 
theoretical breakthroughs and ‘real-
world’ implementations. 

Socio-economic 
planning sciences 

Liu et al. (2013) DEA 1978–2010: A citation-
based literature survey 

Looks at the latest in DEA research and 
subareas. 

Omega, 2013 

Farantos (2015) 
 

The DEA method and the 
influence of a phenomenon in 
organisational efficiency: A 
literature review and data 
envelopment contrast analysis 
new application 

Gives a survey of the non-parametric 
linear programming DEA literature. 

Journal of Data 
Envelopment 
Analysis and 
Decision Science 

Yu (2016) 
 

Airline productivity and 
efficiency: Concept, 
measurement and 
applications 

An overview of several approaches for 
evaluating and comparing airline 
productivity and efficiency is provided. 

Airline Efficiency 

Qiang Cui and Ye 
Li (2017) 
 

Will airline efficiency be 
affected by carbon-neutral 
growth from the 2020 
strategy? Evidence from 29 
international airlines 

An excellent and informative literature 
review. 

Journal of Cleaner 
Production 

Kottas and Madas 
(2018) 

Comparative efficiency 
analysis of major international 
airlines using DEA: Exploring 
effects of alliance members 
and other operational 
efficiency determinants 

Lists very comprehensive details on 
previous DEA airline research. 

Journal of Air 
Transport 
Management 

Ali et al. (2021) Four decades of airline 
productivity and efficiency 

The paper provides a bibliometric 
analysis of airline productivity and 

Journal of Air 
Transport 
Management 
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Here, we focus on a selection of the studies included in Appendix-14, Schefczyk (1993) was the 

first to use DEA to measure airline efficiency; he evaluated 15 large international airlines in 1990. 

Banker and Johnston (1994) used the DEA input-orientated variable returns to scale to measure 

and evaluate the effects of operating strategies on efficiency; their sample included 12 US carriers 

between 1981 and 1985. Utilising the DEA and stochastic frontier model, Good et al. (1995) 

examined European and US air carriers’ post-deregulation, wherein DEA allowed the honest 

evaluation of efficiencies in these airlines compared with the traditional model-based assessment 

using the stochastic frontier approach.  

Sengupta (1999) also used the DEA method to examine various airlines’ performances by 

assessing the efficiency of their total operating costs, total non-flight assets and aircraft capacity 

consumption. Greer (2006) examined 14 US passenger airline efficiencies using the DEA method 

in 2004 by considering labour, fleet seating capacity and aircraft fuel consumption as inputs and 

available seat per kilometre (ASK) as an output. The analysis revealed that discount carriers are 

technically more efficient than legacy carriers. Thus, the production cost advantage borne by 

discount carriers is due to this superior technical efficiency.  

Lin (2008) used personnel cost, aircraft cost and fuel cost as input variables; seat mile and flight 

number as production variables; and embarkation passengers and passenger mile as service 

variables and assessed the efficiency of airlines using DEA. Barros and Peypoch (2009) used two-

stage DEA to get a better look at operational performance. They used revenue per passenger and 

studies: A review and 
bibliometric analysis 

efficiency studies during the period 
from 1979 to 2020. 

Emrouznejad et 
al. (2022) 

Data envelopment analysis: 
Recent developments and 
challenges. 

Provides details of the recent 
theoretical developments in DEA 

The Palgrave 
Handbook of 
Operations 
Research 

Moradi-Motlagh 
and Emrouznejad 
(2022) 

The origins and development 
of statistical approaches in 
non-parametric frontier 
models: A survey of the first 
two decades of scholarly 
literature (1998–2020) 

The paper surveys the increasing use 
of statistical approaches in non-
parametric efficiency studies 

Annals of 
Operations 
Research 
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EBIT as outputs; employees, planes and operational costs as inputs; and trend, population, 

alliance and low cost as the second stage variables.  

Barros et al. (2013) assessed the efficiency of US airlines using total cost, the number of gallons 

and the number of employees as input variables and RPM, passenger load factor and total 

revenue as output variables. Herein, by removing the complexities associated with the 

aggregation of inputs and outputs, DEA enhances the effectiveness of measuring the productivity 

and efficiency of airlines. 

Parast and Fini (2010) further examined US airline industry performance for the period 1989 to 

2008, wherein labour productivity, on-time performance, fuel price, employee salary, passenger 

load factor and maintenance cost per flight hour affected the profitability of airlines. Employee 

salary and labour productivity had a positive impact on profitability, whereas average annual 

maintenance cost and fuel price had a negative impact on airline performance. Merkert and 

Hensher (2011) focused on examining the efficiency of 58 passenger airlines using a two-stage 

DEA for the fiscal years of 2007/2008 and 2008/2009. Herein, first- and second-stage DEA 

consisted of labour, available tonne-kilometres (ATK), full-time equivalent prices and ATK prices 

as inputs, while RTK and revenue per passenger kilometre (RPK) were the outputs for the model. 

Further, partially bootstrapped random-effects Tobit regression analysis was performed by 

considering airline size, stage length, aircraft size, fleet age, aircraft manufacturers and aircraft 

families as the explanatory variables. The analysis revealed that airline size, aircraft size, stage 

length and fleet size tended to have a positive and significant influence on the technical efficiency 

of airlines. 

Rai (2013), for the period 1985 to 1995, measured the efficiency of US airlines using DEA. The 

number of employees, gallons of fuel and planes were considered inputs. In contrast, the number 

of departures, RPM, available tonne-miles and the number of passengers were regarded as 

outputs. When an efficient portfolio was compared to an inefficient one, efficient airlines 

outperformed inefficient ones by 23% annually.  

Lee and Worthington (2014) assessed the efficiency of the US and European airline industries 

from 2001 to 2005 by considering total assets, the number of employees and kilometres flown 
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as inputs, while considering ATK as an output. Further, regression analysis was performed by 

using variables, i.e. ownership, departures, LCCs and weight load factor as independent variables. 

The analysis revealed significance with 2,000 iterations, ownership, LCCs and load factor 

positively influencing airline efficiency.  

Jain and Natarajan (2015) focused on assessing Indian airlines’ technical and scale efficiency from 

2006 to 2010 with total ATK and operating cost as inputs and non-passenger revenue and RPK as 

outputs against the airline type, size and ownership structures. The analysis revealed that most 

budget airlines and small private-sector airlines were efficient, and the variables of size, 

ownership and service type had a significant influence on airline efficiency. Pinho (2017) 

determined the efficiency of 137 passenger airlines using the two-stage DEA method by 

considering the number of aircraft, scheduled ATK and total employees as inputs and scheduled 

RTK as an output in the first stage. For the second-stage analysis using bootstrapping, the input- 

and output-based efficiency scores were considered dependent variables. At the same time, the 

duration of each flight, load factor, scheduled freight and mail tonne-kilometres, ICAO type 

classification, alliance membership, number of aircraft manufacturers and regional market share 

were regarded as independent variables. The analysis revealed that load factor and scheduled 

freight and mail tonne-kilometres positively and significantly influenced input-based efficiency 

scores. On the other hand, variables such as the load factor and the ICAO type classification made 

output-based efficiency scores better.  

Carlucci et al. (2018) examined the efficiency of 34 Italian airports via DEA for the period 2006 to 

2016 by considering labour costs, other expenses and invested capital as inputs and cargo, 

passenger movements, aeronautical activities, aircraft movements, commercial activities and 

handling activities as outputs. With the derivation of the efficiency, the impact of LCCs, the 

number of workload units or size and the percentage of cargo carriers on the overall technical 

efficiency, pure technical efficiency and scale efficiency were taken into account. The analysis 

revealed that all the variables were positive and significant; thus, with the rise in size, LCCs and 

cargo percentage in workload units, the technical efficiency of airlines improved. Kottas and 

Madas (2018) examined 30 international airlines’ efficiency for the period 2012 to 2016 by using 

the DEA method. Herein, employees, aircraft and operating costs were inputs while RTK and RPK 
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were outputs. The analysis revealed that revenue-based airlines with higher freight traffic were 

more efficient than airlines with a lower freight traffic share. There was a difference in efficiency 

based on geographical location, i.e. European and Asian air carriers were more efficient than 

American air carriers.  

Abdullah and Satar (2019) assessed technical efficiency for FSCs and LCCs between 2002 and 

2011, taking into account variables such as operating costs, operating revenues (ORs), operating 

fleets and RPKs. The assessment of the airlines based on efficiency score revealed that FSCs were 

more technically efficient than LCCs, with generation of high potential output. Further, Xu et al. 

(2021), in their analysis of 12 US airlines’ environmental efficiencies from 2013 to 2016 via DEA, 

considered employment, fuel consumption and operating expense as inputs, while revenue 

tonne-mile, flight delay and GHG emissions were outputs. This was followed by a Tobit regression 

analysis on freight traffic, fleet age, ownership, carrier type and market share as independent 

variables and environmental efficiency scores as dependent variables. The analysis revealed that 

all these factors significantly influenced the airlines’ performances. More data on DEA studies 

is summarised in Appendix 14. 

2.11 Summary of the overall trend of prior airline efficiency Studies. 

There is a significant amount of research that focuses on the performance of airlines. In the early 

days of efficiency research, the primary focus was on efficiency and benchmarking, with DEA 

scores being the primary measurement tool and performance being evaluated in comparison to 

peers and slacks. This was gradually improved to include the Malmquist productivity index as a 

means of measuring the improvement in airline efficiency over time and deriving a number of 

different components, including technological change, pure efficiency change, and the 

contribution of each to productivity. In recent years, we witnessed the development of more 

complex models of the DEA, such as the network DEA, and the analysis of two- or three-stage 

DEA models. The assumption that the derivation of the efficiency source should include the 

insertion of an external or environmental variable has also become a highly popular field of 

research. The most common types of regression analysis used in the second stage are truncated 

and Tobit regressions. 
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2.12  National Institutions and Firms Competitive Advantage  

The importance of national institutions to a country’s competitiveness is increasingly recognised 

in the literature. Institutional perspectives are assessed at the national and company levels. 

Aguilera and Grøgaard (2019) say that one of the most important challenges in International 

Business [IB] is shedding light on the different strands of institutional theory, since each strand 

defines institutions in a different way and has different degrees of applicability in IB literature. 

Munir (2019) claims that the institution-based paradigm oversimplifies an extremely complex 

topic.  Another argument is that the rapid expansion of institutional literature has fragmented it. 

As a result, the term "institution" has become excessively vague (Alvesson & Spicer, 2019).  

The formal and informal rules that provide society with order and structure are known as 

institutions (North, 1990; Scott, 1995). Scott (1995) says that institutions are ‘cognitive, 

normative, and regulatory structures and activities that give social action stability and direction’ 

(p. 33). As a result, they impact individual and organisational performance (DiMaggio & Powell, 

1983). North (1990), on the other hand, says that institutions are important because they 

establish ‘the rules of the game in society’. To put it another way, institutions control how people 

interact with each other and give people and groups reasons to do things.  

The role of institutional context is widely scrutinised via the ‘three pillars of institutional 

framework’: regulatory, cognitive and normative components in institutional-based theory 

(Scott, 1995). The firm has power to integrate, build and reconfigure internal and external skills 

to address dynamically changing surroundings (Teece et al., 1997, p. 516) and to offer a 

competitive edge in a fast-changing environment (Madhok, 1997; Teece et al., 1997). 

Evolutionary behaviour in economic has its origins in the evolutionary theory of firms and is based 

on managers' deficient rationality (e.g. Cyert & March, 1963; Nelson & Winter, 1982). The ability 

of a firm to acquire, analyse, disseminate, deploy and utilise information is considered a dynamic 

process (Madhok, 1997).  

The industry-based perspective asserts that industry-specific characteristics drive business 

strategy and performance, whereas the resource-based perception stresses how firm-specific 

traits influence strategy and competitive advantage. Both theories fall short of the critical 
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influence of institutions on firms’ strategic stance (Peng et al., 2008). The underpinning of the 

perspective that ‘institutions matter’ has allowed the institution-based approach to grow into a 

significant theoretical paradigm (Meyer & Peng, 2016).  

At various levels of analysis, the institution-based viewpoint draws together numerous distinct 

lines of research with a shared interest in the interplay of economic players and institutional 

settings (Ahuja & Yayavaram, 2011; Peng et al., 2008). Both institutional economics (North, 1990) 

and sociology (Scott, 2013) theories have their disciplinary foundations. Institutions and 

businesses are lively and tend to change with time. While practically all countries’ institutions are 

evolving, some emerging economies (such as China, Russia and South Africa) are undergoing 

particularly significant transitions. Peng (2003) define institutional transition as ‘fundamental and 

comprehensive changes made to the official and informal rules of the game that affect 

organizations as participants’ (Peng, 2003, p. 275).  

Globally, the rate of institutional reform varies. In certain countries, institutional shifts occur 

quickly – consider the ‘shock therapy’ in post-1989 central and eastern Europe. Other countries’ 

institutional changes are more gradual, as seen by China’s consistent reforms. The danger of a 

fast-changing institution is certainly a disrupted system. Large corporate companies that value 

regularity and relationship-building may find it challenging to manage such uncertainty (Lee et 

al., 2008; Siegel, 2007). On the other hand, small changes can help maintain long-term 

relationships and trust, which can help businesses do well (Banalieva et al., 2015; Luo & Chung, 

2005). 

2.13 Theoretical Perspective on Country Attractiveness 

A country’s environment has been demonstrated to be a critical contextual component in 

explaining the relationship between firm-specific resources and performance, particularly in 

emerging economies and, more broadly, in the international arena (e.g. Hoskisson et al., 2013; 

Kafouros & Aliyev, 2016; Kim et al., 2015; Meyer et al., 2009). Intellectual capital studies may pay 

insufficient attention to the country’s environment (Barney, 1991; Penrose, 1995; Priem & Butler, 

2001; Kim & Hoskisson, 2015). 
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A country’s environment has been conceptualised as having two primary dimensions – available 

resources and institutions (Miller, 1996; Wan, 2005; Wan & Hoskisson, 2003) – and can be 

defined in two ways. The signalling theory explains how economic factors influencing a country’s 

attractiveness can inspire international investment (Spence, 1978). The second is soft power, 

which influences intangible (i.e. social and environmental) components of a country’s 

attractiveness to international tourism and migration (Nye, 2003).  

Lee et al. (2008) identified and classified a wide range of destination attributes used in previous 

research on destination attractiveness as follows: tourist attractions (e.g. natural endowments, 

cultural and historical assets and artificial resources), support for tourism infrastructure (e.g., 

accommodation and food), accessibility (travel distance and cost) and ancillary services and 

facilities (e.g. safety, security and information). As a result, it is plausible to suppose that the 

determinants of destination appeal are a conglomeration of tourist attractions, infrastructure 

and services provided by both commercial and governmental entities (Buhalis, 2000; Cracolici & 

Nijkamp, 2009).  

Furthermore, destination authorities and managers must integrate various tourist attractions, 

infrastructures and services in order to develop and promote specific types of tourist products 

and experiences (for example, wellness tourism and business tourism), which are the primary 

reasons for visiting the destination (Buhalis, 2000). The location must attract and gratify tourists 

from other regions as a prerequisite for being an appealing and competitive destination in the 

defined tourism goods and markets (Enright & Newton, 2004). The variations in the availability 

and quality of elements, together with different institutional structures, provide opportunities or 

constrain firm activities. At the same time, the institutional framework around resources and 

resource strategies can either stimulate or inhibit their successful utilisation (Oliver, 1997).  

The institutional environment includes legal and political structures as well as ideology and 

culture (Kaufmann et al., 2018). Furthermore, institutions influence a firm’s capacity to fully 

exploit a resource and capture the income generated by it (Kafouros & Aliyev, 2016; Peng et al., 

2009). Companies, for example, feel more confident conducting economic activities in countries 

where the rule of law is well-established since the legal norms are evident to management; 
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businesses may use legal channels to pursue justice (Elango & Lahiri, 2014). Firms may avoid 

making new investments in countries where the rule of law is not the norm because they are 

concerned about the safety of their assets. 

2.14 Theoretical Background of the Strategy Tripod Perspective 

Explaining performance differences between organisations and determining the source of 

competitive advantage has always been an important theoretical and empirical topic in strategic 

management studies (Hawawini et al., 2003; Martin et al., 2014). To explain firm performance, 

scholars frequently use both the industry- and resource-based approaches. Nonetheless, it is 

always difficult to express the overall advantage without taking into account the operating 

environment.  

Peng (2002), trying to find an answer to the question ‘Why do strategies of enterprises from 

different countries differ?’, analysed various uses of the industry-based view in conjunction with 

the resource-based view in corporate strategies. His answer was to include the effect of the 

environment as a third leg of the tripod. This principle led to the formulation of the ‘strategy 

tripod’ (Peng, 2002), with the concept’s roots in institutional theory and institutional economics 

(Peng et al., 2009; Peng et al., 2018). Research in the country-specific context may also help to 

advance the theory. As a result, Peng et al. (2008) assert that institution-based research 

conducted in developing economies takes an important theoretical path because institutions in 

developing economies can have a direct impact on firm strategy and performance (Gao et al., 

2010). Eventually, the institution-based view and the strategy tripod perspective (STP) originated 

in the strategic management literature to bridge this divide.  

While attempting to introduce the concept, Peng (2002, p. 253) was well aware of the link 

between the industry-based view and the societies that organisations operate in. An institution-

based corporate strategy approach focuses on the dynamic commerce between institutions and 

associations by considering that institutions examine strategic decisions as a result of such 

relations. Strategic decisions are impacted not only by the explicit industry-based variables but 
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also by the establishment of resources that classic strategy discourse highlights (Barney, 1991; 

Barney & Mackey,2016; Porter, 1980).  

Meyer and Peng (2005) combined the sedulity-based approach (organisational economics) with 

the resource-based view to develop the strategy tripod concept. Peng et al. (2008) provided 

insight on how the strategic tripod perspective may explain corporate strategy and performance 

in the context of IB. On the other hand, the strategy tripod literature is not entirely cohesive and 

encompasses a wide range of theoretical and empirical findings. Analysing the institutional 

environment is crucial in IB because it may help recognise benefits and pitfalls (Hitt et al., 2015). 

Peng (2002) reveals that when looking at the institutional environment of developing markets, 

institutions have a different effect on firms than they do on established markets. This is because 

the efficient institutions that frequently manage developed markets are often weak or non-

existent in developing markets. In such an environment, firms operating in developing markets 

feel driven to change their strategy and take on a variety of jobs and obligations in order to do 

business and fill these institutional gaps (Khanna & Palepu, 2004). It is critical in developing 

markets to address instances in which local institutions are simply different or function according 

to a different logic than in developed markets.  

Despite the widespread application of the strategy tripod concept (Calixto et al., 2013), it is still 

necessary to empirically establish the method of notion and metric operationalisation. This is 

because, as previously indicated, multiple dimensions are used to measure the same concept, 

resulting in faults in applying this theoretical underpinning. When we look through the strategy 

tripod papers, we observe how many measures are utilised to study the same element. This 

diverse set of metrics emphasises the importance of further examining construct validity in 

implementing such a strategy in IB studies.  

One possible reason might be that the strategy tripod is a relatively new concept. On the other 

hand, its underpinnings are the resource, industry and institutional views as a theoretical lens, 

which have been developed over time and solidified by scholars. To this extent, the strategy 

tripod may be considered immature as a theoretical prospect because the advancements made 

by the theories that back it does not appear to be utilised in unfolding the tripod in its practical 
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application. This is consistent with Brewer and Hunter’s (2006) conclusion that research 

examining the validity of metrics is rare. This is owing to the complexity of validating the research 

methodology that can back it up. Most social scientists would rather come up with new ideas and 

use those than test how precise and accurate their measuring tools are. 

2.15 The Strategy Tripod Perspective in the Airline Industry 

Historically, the economic growth of cities has been linked to the development of transportation 

infrastructure that connects them to the rest of the world (for an overview, see Derudder & 

Witlox, 2016). Investigating airlines’ performance on a global level needs to be viewed from a 

broader perspective. Peng et al.’s (2008) strategy tripod provides an excellent basis for 

understanding complicated issues in a diverse environment (Su et al., 2016). In addition, the 

majority of international strategy and operational research is primarily concerned with the 

context in a developed market (Maclennan & Oliva 2016). People often miss the opportunity to 

look at internationalisation from a broader perspective.  

Scanning the literature, we can note that the strategy tripod is used to investigate the 

internationalisation of services (Krull et al., 2012), knowledge production capacities (Su et al., 

2016), export conduct (Gao et al., 2010) and strategic positioning (Ju et al., 2014). Using the 

strategy tripod to investigate such complicated concepts can bring a wealth of knowledge to 

incredibly challenging industries, particularly in performance assessment and, more specifically, 

in complicated disciplines, such as the aviation sector.  

The literature will help us formulate a clear goal as to which variables most affect airline 

performance, whether these variables are related to a specific area of investigation that relates 

to an industry, resource or institution, or a combination of the three. Unfortunately, the literature 

is inconsistent with airline performance assessment and is often limited. One of the principal 

reasons for this is that most of the IB studies originate in the US, where resource- and industry-

based views are measured with little or no consideration for the institutional consequences, as 

they operate in a similar environment (see Mahoney, 2005: P. 223). With this in mind, Peng et 

al.’s (2008) theory provides an attractive solution to the problem at hand. Utilising their strategy 
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tripod perception to determine the possible sources of efficiency and productivity will surely 

enhance our understanding of the possible link between the two.  

According to Maclennan and Oliva (2016), the strategy tripod is considered a relatively young 

proposition, lacking unified measurements, and uses disparate measures to analyse comparable 

variables. However, we believe that such a theory will shed light on a highly complex industry 

and aid in evaluating performance in a diverse and unique environment. The strategy tripod 

perception allows us to expand on our research issues via the three lenses of industry-, resource- 

and institutional-based views to comprehend a strategic mindset that can freely investigate the 

phenomenon. Multiple approaches are required to properly grasp these sensitive settings 

(Kellert et al., 2006). It is critical to include both external and internal perspectives to measure 

performance (Bailey & Richardson, 2010). Careful integration of the three perspectives into our 

airline performance evaluation will provide extensive and immense knowledge of how each 

perception relates to performance (He et al., 2022).  

2.16 Chapter Conclusion 

The primary goal of this chapter is to provide some background on the early history of the 

aviation industry, a summary of notable historical events that have had a significant influence on 

the development of this industry. While working in a global setting, we examined numerous 

efficiency strategies as well as the importance of institutions. The strategy tripod was introduced, 

as was the benefit of employing such a strategy in developing our airline’s efficiency 

determinants. The development of the hypothesis will be examined in more depth in the next 

chapter. 

 

 

 

 

 



38 

 

Chapter 3  Hypothesis Development  

Operational research has always considered the context of the operation an important element 

when investigating a global phenomenon. The way institutions and regulations are established 

may have a significant impact on a country’s economy. When public policy is changed or 

modified, the ramifications for institutions and rules are often obvious. This is also true in the 

aviation industry, where it exerts a large influence.  

3.1 Institutional Quality and Airline Performance  

The institutional perspective on strategy views strategic decisions as the outcome of interactions 

between organisations and their formal and informal institutional environments (Peng, 2002). 

The term ‘institution’ has many meanings, each with distinct features (see, for example, 

DiMaggio & Powell, 1983; Dunning & Lundan, 2008; North, 1990; Oliver, 1991; Peng et al., 2009), 

within the justification and expectations of the institution (Garcés -Ayerbe et al., 2012). It has 

been suggested that performance management is critical to companies operating in 

unpredictable environments since it provides them with clear goal formulation, 

operationalisation and plan execution, as well as possible corrective measures (De Waal, 2013).  

Nevertheless, in an environment where institutional settings vary from nation to nation, it is 

crucial to evaluate the impact of these institutional settings on firm performance. The absence 

of clear evidence on how institutions affect the performance of airlines gives us a clear motive to 

chase in understanding the possible stimuli of these settings on airline performance. Typically, 

governments want to control and guard specific institutional settings to protect their home 

nation’s airlines, national sovereignty and security. In particular, airlines are influenced by such 

institutional forces, as they operate in an international setting, exposing them to any changes in 

the institutional forces imposed upon them.  

Nye (2021) has presented a similar philosophy of economic power in which political and 

economic stimulus are on top with an additional domain that he terms ‘soft power’, which is the 

capability of a country to influence without the use of power or economic motivations. The 
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challenge is recognising what makes your country more attractive to the general public or foreign 

investors. 

The overall country’s image and attractiveness must be on the priority list for policymakers and 

authorities. Easing and facilitating various institutional constraints will help to encourage 

customers, vacationers and corporations to visit and do business in your country (Kotler & 

Gertner, 2002). Destination attractiveness is vital in order to succeed. Making your country more 

attractive and more pleasing can make a difference in how the world perceives it. There is a 

strong need for specific standards among countries to better judge each other in a globalised 

world. 

To that extent, pursuing a better society has resulted in various complex indicators of progress, 

ranging from total GDP to indices such as the happiness index. These indices often include social, 

cultural, psychological and political foundations. They are seen as critical for measuring a 

country’s degree of development and the effect of policy, particularly in the public sector (see 

the book by Anheier et al., 2018). Overall, they are composed of numerical measures that 

characterise the well-being of both individuals and society as a whole. In times of global 

uncertainty and continually rising dependence, there is a need for third-party indices to better 

assess a country’s operational, social and risk performance. In this respect, using indicators as a 

method for assessing a country’s reaction to a set of risks affecting its development is essential. 

Institutions worldwide develop and evolve with time. Maintaining an up-to-date indicator that 

can reflect and measure institutional reforms in countries is essential for IB and researchers.  

Many multinational corporations use global indices to make strategic decisions, such as boosting 

investment inflows or decreasing involvement in a specific industry. The use of indices is, 

however, not without criticism. Razavi et al. (2020) claim that the ranking method is problematic 

because ranking nations based on weighted scores across variables evaluated differently and not 

directly compared with one another is questionable. Classifying nations based on their stage of 

development and weighting the variables allows for a more dynamic examination of the data 

since it is possible to see how, as an economy grows, the requirements of its businesses change 

as it pursues a competitive advantage. However, it may be claimed that bias is created by 



40 

 

applying different weights to various nations, which affects the comparability of the final scores 

and rankings (Gregior & Laurel, 2003, as cited in Sabadie & Johansen, 2010). People have always 

said that politicians who make decisions based on data from different types of indices are ‘ruling 

by numbers’ (Grek, 2009, p. 23). 

3.1.1 Destination Attractiveness  

Destination attractiveness is an important contributor to the leisure travel industry. Tourism and 

aviation seem to be interconnected (Forsyth, 2006). Furthermore, this connection has become 

sturdier since the deregulation of the air transport industry. The Travel and Tourism 

Competitiveness Index [TTCI] is a global assessment of a country's performance. In this context, 

competitiveness is measured by creating an index that tracks travel and tourism across many 

countries. This index is composed of 90 distinct indicators organised into 14 pillars, from which 

an average index is produced (TTCI, 2019), this average index is used in this research. 

Tourism and aviation have undeniably strong reciprocal and synergistic connections (Beiger & 

Wittmer, 2006; Debbage, 1991; Forsyth, 2006; Forsyth, 2016). While air travel is a significant 

factor in global and regional passenger flows, it is still a relatively unexplored area of study within 

tourism geography. Peeters and Landré, (2012) even refer to a significant gap in this area. While 

the business- and economics-based research on the global aviation segment is abundant, most 

of it is likely not well-represented in the tourism literature (see, for example, Papatheodorou, 

2002; Warnock-Smith & O’Connell 2011). Tourism and air transport scholarship is based on 

interdisciplinary concepts informed by geography, economics, marketing and management. 

Therefore, there are many possibilities for academic cross-fertilisation. Commercial aviation 

works under a complex and opaque regulatory framework that constrains and liberates 

contemporary international commercial aviation.  

Whereas Debbage and AlKabbi (2016) rightly claim that the economics of airline operations have 

influenced tourist demand in many ways, an airline’s entry into the market is controlled by 

economic regulation rooted in international laws and institutions. The majority of governments 

see the cross-border movement of people as a double-edged sword. On the one hand, they 

applaud the economic advantages associated with movements such as tourism, commerce and 
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foreign capital investment, even though in a globalised setting, not all of these economic 

movements benefit all nations equally (Kemeny, 2011). On the other hand, they are anxious 

about individual cross-border movements for security concerns and the possibility that tourists 

may become illegal immigrants. Globalisation may have diminished nation-states’ capacities to 

enforce their right to mobility control, but it has not abolished their authority to do so. In 

contemporary social life, globalisation is defined as the ‘widening, deepening, and accelerating 

of international connectivity’ (Held et al., 2000 p. 2).  

Numerous analysts believe tourism to be one of the world’s primary economic drivers. It provides 

job opportunities, attracts foreign currency and strengthens infrastructure (see, for example, 

Algieri et al., 2018; Jarvis et al., 2016; Nazmfar, 2012). Consequently, tourism is one of the most 

lucrative businesses, generating the highest revenue with the lowest investment and creating the 

least pollution (Nazmfar, 2017). According to Othman & Rosli (2011), tourism produces more 

revenue than oil. In addition to creating 266 million jobs each year, tourism contributes 9.5% of 

the world’s GDP (WTTC, 2020). Data from the United Nations World Tourism Organization 

(UNWTO) shows that over 1.1 billion tourists travelled in 2014, an increase of 5% over 2013.  

Tourism is considered the primary source of a country’s economic development since it helps 

facilitate the use of resources, attracts foreign currency, creates employment opportunities, 

develops infrastructure and improves technology (Gorcia et al., 2015; Hingtgen et al., 2015; 

Ignative, 2015; Ridderstaat et al., 2014). Aviation and tourism have been properly identified as 

the catalysts for tourism’s meteoric rise to the world’s biggest industry (Abeyratne, 1999). 

Constraints such as cultural differences, perceptions of safety, visa and passport processes, and 

limitations on the movement of people are only some of the obstacles that influence 

international tourism (Prideaux, 2005; Timothy, 2002). Travel and tourism are hindered by 

borders, which denote the boundaries of sovereignty that restrict movement (Timothy, 2001). It 

is inevitable that borders will be politicised and that tourism will be bound up in extremely 

sensitive regulations that will limit access and hinder tourist flows (Sofeild, 2006). Although 

physical barriers may be lowered or eliminated, the presence of political borders creates a 

perception of distance to specific locations that is usually far greater than the actual distance 

(Timothy & Teye, 2004). 
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Certain tourist destinations face several difficulties. The most apparent is the need to stay current 

with changes in airline operations, including alterations in external operating environments that 

may affect profitable airlines. Without a good knowledge of air transport, accurate planning is 

impossible. Second, tourist destinations must choose how they influence the current commercial 

aviation operating environment. Third, tourist destinations should examine quantitative 

measures of much of commercial aviation’s economic value. This would naturally extend beyond 

tourism to include a broader mobility strategy, which should be helpful given the strong 

connection between the performance of the tourist industry and the route of wider economic 

growth. Therefore, we hypothesise that: 

H1: Measured by the TTCI, the more attractive a country is, the more efficient the airline 
operating in that country is.  

3.1.2 Trade Openness  

Trade openness is measured as the sum of a country’s exports and imports as a share of that 

country’s GDP (in %). The World Bank’s Trade Openness Index indicates economic regulations 

that either limit or encourage trade between nations. For example, if a nation imposes high trade 

tariffs, it restricts the flow of goods between it and other countries. Trade openness is the total 

of imports and exports normalised by GDP.  

Over the past four decades, international commerce has been a significant engine of global 

development and wealth. When a country’s exports grow, national profits grow, and its national 

revenue increases. However, purposeful commerce cannot be achieved without the nations 

involved being economically open to the rest of the world. Trade openness fosters trade’s ability 

to increase competitiveness and productivity, thus improving living standards and the 

sustainability of economic development (Gbosi, 2003). ‘Around 250 years ago, the Scottish 

philosopher David Hume’ (see the book by Weeks et al., 2021, p. 47) established the idea that 

international commerce helps economic development by facilitating the movement of 

technology, intermediate products and knowledge across countries. Trade liberalisation has long 

been a substantial cause of productivity in developed nations (Cuadros et al., 2004).  
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Hoffmann and Kumar (2013) emphasise the importance of international trade in boosting the 

competitiveness and development of a country. Both authors credit air transport for laying the 

groundwork for international commerce in the escalating era of globalisation. In many sectors, 

the efficiency of the just-in-time supply chain is seen as a significant competitive advantage (see 

Porter, 1990).  

Thompson and Thompson (1994) discussed the critical problems connecting economic growth 

and transportation, which they assert are inextricably linked. Irwin and Kasarda (1991) studied 

the relationship between the structure of an airline network and employment growth in 104 

metropolitan economies in the United States. They concluded that airline networks were critical 

in transforming and integrating the spatial economy of the United States. 

Kulendran and Wilson (2000) examined Australia’s connections with four nations using the co-

integration and Granger causality methods. They recommended that more studies be conducted 

after concluding that such a connection did exist. Chang and Chang (2009) investigated a causal 

connection between the development of air freight transportation and Taiwan’s economic 

growth. Their findings indicated bidirectional causation between these factors, suggesting that 

increased air freight transportation contributed significantly to Taiwan’s economic development.  

Brindis et al. (2015) scrutinised the long-run relationship between airport passenger movement 

and economic growth in Chile. They concluded that there is a long-term relationship between 

airport passenger movement and economic growth, in addition to their positive bidirectional 

Granger causality in Chile. In general, the new data in the literature suggests that open economies 

may sustain more significant levels of production and wealth. However, one must keep in mind 

that not all trade liberalisations result in growth.  

According to some studies, the advantages of trade liberalisation are conditional. Others argue 

that low-income nations have reaped minimal benefits from trade liberalisation. As suggested by 

Winters and Masters (2013), liberalisation cannot be seen as a theory to be investigated but 

rather as a policy to be implemented by the appropriate authorities. Earlier research by Wacziarg 

and Welch (2008) suggest that these studies fail to demonstrate a clear connection between 

trade and economic growth. Additionally, Cuadros et al. (2004) examined the period from 1990 
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to 2003 and revealed that growth had no meaningful connection with any trade openness 

indicator during this period.  On the other hand, research undertaken in India, Côte d'Ivoire, and 

BRICS countries indicate long- and short-term economic growth due to greater trade openness 

(See, for example, Prabhakar et al., 2015; Keho, 2017; Latif et al., 2018).  

In the past two decades, classical ideas related to the importance of trade openness to long-term 

economic development have received wider recognition. According to David Ricardo’s long-

standing comparative advantage theory, if specialisation promotes productivity development, 

the advantages of international trade may be more dynamic than static (as cited in Lucas, 1988). 

Given that globalisation involves the effective integration of global markets, which requires the 

movement of huge amounts of goods, services and people across international borders, air 

transport is becoming one of the world’s most important international businesses 

(Gudmundsson & Oum, 2002). Therefore, we hypothesise that:  

H2: The higher a country’s Trade Openness Index is, the more efficient the airline operating in 
that country is.  

3.1.3 Visa Regulation and Restrictions  

Visa openness ratings are generated from Arton Capital's mobility scores [MS], a global ranking 

of the world's passports, and are updated on a regular basis when new visa exemptions are 

enacted. The MS number used in this study is the accumulated points for each destination a 

passport holder can visit without a visa. The higher the number, the greater the degree of 

international mobility (MS, 2022).  

Travel restrictions are not new; in the 17th century, the Danish government implemented a 

restrictive travel law (Hayton, 2014). During the late 1800s and into early 1900, people did not 

need a passport or other kind of identification document in order to travel (Keynes, 1920, p. 11). 

At the same time, the role of migration in economic growth has a long history (Lewis, 1954). It is 

succinctly summarised in a single observation by Banarjee and Duflo (2011) in their seminal work 

Poor Economics, A Radical Rethinking of the Way to Fight Global Poverty: ‘Moving can be the first 

step toward changing a family’s trajectory’ (p. 419). Limitations on a nation’s ability to issue visas 
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impose costs on both the country applying the restrictions and the citizens prevented from 

obtaining them.  

Hu (2013) estimates that establishing the Visa Waiver Program in the US to provide visa waivers 

to nationals of some countries has saved the government somewhere between 1.9 billion and 

3.2 billion dollars in costs. In addition to 6.9 billion to 10 billion dollars in direct spending by 

foreign tourists each year. Neumayer (2010) and Neumayer (2011) carried out extensive 

worldwide cross-sectional research showing that visa requirements reduce travel motivation by 

between 52% and 63%, reducing bilateral trade by approximately 21% and foreign direct 

investment (FDI) by 32%. According to Lawson and Roychoudhury’s (2016) study, an even higher 

impact of visa restrictions on tourist travel was found, resulting in a 70% drop in tourists’ travel.  

Globalised business necessitates the need for business travellers to conduct business face-to-

face or to have a presence in foreign markets (Hovhannisyan & Keller, 2015; Storper & Venables, 

2004) and to understand local knowledge (Gertler, 2003). Restrictions on visas often result in 

constrained passenger flow. Furthermore, visa restrictions can harm bilateral trade and FDI 

(Neumayer, 2011). According to Neumayer (2006), visa limitations are used as a blunt weapon to 

minimise or manage security issues by stopping undesirable individuals from entering the nation. 

In their study, Aral-Tu et al. (2016) found that visa restrictions have a remarkable impact on the 

flow of international travellers. Their coefficient estimate suggests that visa requirements reduce 

the bilateral flow of tourists by 55%, close to the impact that Neumayer (2010) found.  

The macroeconomic and non-economic factors of incoming tourism have been the subject of 

much research in the literature. Conflicts, political instability, security and terrorism, for example, 

are all cited as possible causes of uncertainty influencing tourism growth (Ghaderi et al., 2017; 

Saha & Yap, 2014; Saha et al., 2017). Visa facilitation is intended to boost exports and FDI by 

reducing the costs, inconveniences and uncertainties associated with incoming travel. Yasar et 

al. (2012) and Karaman (2016) demonstrate that visa waiver programmes in the US promote 

foreign travel into the implementing country. Whereas Kulendran and Wilson (2000), Tsui and 

Fung (2016) and Van De Vijver et al. (2014) reveal a causal connection between business travel 
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and bilateral commerce, Song (2012) has identified visa limitations as a significant impediment 

to tourism.  

When South Korea, for example, instituted a ‘Gold Visa’ in 2001, the number of foreign IT 

researchers allowed to work in the nation increased. This effort has been one of the core 

elements in South Korea’s leapfrogging of many industrialised countries. An excellent illustration 

of the economic advantages that labour mobility may provide is the EU’s cross-border 

immigration policies. Research carried out in Africa by Kennan (2017) estimates that the 

enormous benefits from open borders for people and unrestricted labour mobility are 

noteworthy, particularly in less developed countries. According to this study, nations such as 

Ghana, Nigeria, South Africa and Uganda may all see their GDP rise by a weighted average of 

160% due to open borders and the free movement of people.  

Research was conducted by Enright and Newton (2005) on destination-competitive visa policies, 

among other government policies. It is believed that the United Arab Emirates (UAE) and other 

nations that have opened their countries to visa-free travel will rapidly increase their position in 

the Henley index (Kirisci, 2005; Satish, 2006). Friendliness between nations is often reciprocated. 

However, visa-free rights may be withdrawn because of political events. Getting rid of any visa 

restrictions is simpler if, for example, there are significant levels of tourist, commercial or cultural 

linkages with nations located nearby (Crotts, 2004). Diplomatic initiatives, such as a country’s 

participation in and collaboration with multilateral organisations, can advance cross-border 

integration. According to Rose (2005), visa policies include a variety of aspects, including the 

criteria for obtaining an entrance visa, the time required to obtain permission for a visa and the 

length of permitted stay. Davis and Gift’s (2014) analysis of the trade impacts of the Schengen 

Agreement’s elimination of border controls between Schengen members, using a gravity model 

(proposed by Tinbergen, 1962), he concluded that labour mobility promotes commerce and 

generates hundreds of millions of euros for the economy. Czaika and Neumayer’s (2017) research 

examines the impact of the roles of a visa on cross-border mobility. Due to the dyadic character 

of many of these variables, the studies confront protentional endogeneity issues in which travel 

limitations are affected by the degree of bilateral integration. With the above discussion in mind, 

we hypothesise that: 
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H3: The higher the Visa Openness Index, the more efficient the airline operating in that 
country is.  

3.1.4 Economic Freedom of a Country 

The Fraser Institute, in conjunction with the Cato Institute, releases the Economic Freedom Index 

(EFI) and the Economic Freedom of the World (EFW) to examine the effect of immigration on 

institutions (Gwartney et al., 2010). The EFW index has been widely utilised in the scholarly 

literature to conduct rigorous research on various topics (Hall & Lawson, 2014) and has been 

found to have a strong correlation with economic growth (De Hann et al., 2006). The EFW index 

comprises several components: government size, sound money, international trade freedom and 

regulation. Each area combines several measures into scores, with 10 indicating the greatest 

possible degree of economic freedom (Beach & Miles, 2006).  

Our capacity to utilise air travel as a competitive advantage in a global economy should be a key 

criterion for determining the viability of our air transportation system. The world’s capacity to 

move goods, services and people to markets wherever they exist should be a primary objective 

for every country when developing its policies. International air transportation is critical in 

developing tourism in large nations and in small and remote islands. Air travel is critical to the 

survival of many of these remote areas that are difficult to reach. Such remote countries and 

businesses depend on air freight services to provide high-quality services to consumers and 

efficiently manage production. Nations often want to safeguard their commercial air fleets for 

national security concerns, but the motive is usually economic protectionism. Bourguignon and 

Darpeix (2016) found that air travel has a beneficial impact on economic development, either 

directly or indirectly. Air transport is considered a major source of foreign currency (Van De 

Vijver, 2014) and contributes to new infrastructure investment. Additionally, air transport 

stimulates other economic sectors via direct, indirect, induced and catalytic impacts. Air 

transport contributes to creating job possibilities and income growth (Özcan, 2013) and 

promotes economies of scale. Thus, enhancing a country’s competitiveness is critical in 

disseminating technical information. On the other hand, a country’s economic development may 

significantly affect air transport improvement. The construction of modern infrastructures, such 

as airports, increases the potential to promote exports, tourism, business operations and 
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productivity, all of which affect businesses’ location and investment choices (Halpem & Bråthen, 

2011).  

These empirical economic liberty measures integrate many factors into a single index number 

that can monitor changes in economic freedom over time and compare the economic rights of 

various nations. EFI and EFW are often mentioned in economics textbooks, with researchers 

examining the appropriate role of markets and governments in the contemporary economy via 

the lens of these indices (Boyes & Melvin, 2014; Gwartney & Fike, 2015; Krueger & Anderson 

2014; Rittenberg & Tregarthen, 2009). Other textbooks extensively use the indices to evaluate 

the causes of economic development (Cowen & Tabarrok, 2015; Freigenbaum & Hafer, 2011; 

Heyne et al., 2006; Miller, 2004). Rating nations on a scale from most to least free, or from least 

dominating to most dominating, does not indicate that one position (rating) is better than 

another. Many would claim that involvement beyond the minimum state would result in 

increased economic efficiency, less inequality, faster development or other desirable 

characteristics of a decent society. Whether these impressions are accurate is an empirical 

matter, and the EFW measure should aid those researching these issues. The EFW index may also 

be a proxy for a nation’s institutional and policy environment.  

Bauer (1957), De Soto (1989), North (1990), Scully (1988) and Scully (1992) have emphasised the 

significance of institutions and associated policy factors for many years. Similarly, the new growth 

theory proposes that good institutions and policies are necessary for economic development 

(see, for example, Barro, 1996; Barro & Sala-i-Martin, 1995; Knack & Keefer, 1995; Torstensson, 

1994). Economic freedom is a distinct realm of human interaction from political and public 

freedoms. Political rights refer to electing government leaders and resolving political disputes. 

Fair and competitive political liberty exists when all adult individuals are free to engage in the 

political process through democratic elections. It is conceivable for a nation to have significant 

political freedom while still pursuing policies that significantly restrict economic freedom. 

Economic liberty, without a doubt, is complicated and multifaceted, which complicates 

quantification. From the start, it was decided that the EFW measure should be based on 

objective, measurable facts and transparent processes to the maximum extent feasible (Beach & 

Miles, 2006). Economic independence also improves competitiveness, shock resistance, 
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adaptability (Ali & Crain, 2001; Easton & Walker, 1997) and employment prospects (Goldsmith, 

1997).  

Economic freedom has a positive short-run effect (Hanson, 2000; Wu & Davis, 1999) in addition 

to increasing GDP in the long run (Berggren, 2003; Weede & Kämpf, 2002) and improving capital 

and labour markets (Hackelman, 2000; Pal et al., 2011), the banking sector (Williamson & 

Mathers, 2011), product markets (Gwartney et al., 1996), investment potential and FDI, as well 

as business and entrepreneurship (Gwartney et al., 1996; Kutner et al., 2004). Hussain and Haque 

(2016) looked at the effect of economic freedom on five-year and yearly GDP growth rates and 

found compelling evidence for a positive correlation between growth rate and the EFI. Hence, 

we hypothesise that: 

H4: The greater the economic freedom of a country, the more efficient the airline operating in 
that country is.  

3.2 The industry-Based View on Specific Airline Variables  

Accurate risk and performance assessments are critical to airline management. The cause of 

performance differences across firms is a critical theoretical and empirical problem in operational 

research (Hawawini et al., 2003). Several empirical studies have been conducted to investigate 

the relative importance of various business and industry variables. According to the industrial 

organisation approach, industry variables are the primary drivers of company performance 

(Rumelt, 1991) and are significant drivers of company strategy (Peng et al., 2008). Internal and 

external forces within the organisation all contribute to strategic organisational success. The 

pressure is often anticipated to originate mainly from the organisation’s external environment, 

which is repeatedly defined as social, legal and cultural factors outside the business environment 

that impact how managers view the outside world (Menguc et al., 2010). These forces, among 

others, have a direct impact on how companies manage, control or resist the external burdens 

that face their organisation (Oliver, 1991).  

The way companies respond to external pressure or difficulties differs depending on their 

individual capacity and competencies. In addition, the reactions to external pressure are 
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determined by other types of induced variables, such as competitive advantage expectations, 

environmental uncertainty and institutional expectations (Grace-Ayerbe et al., 2012). In our 

study, we have selected three critical industry-specific variables that directly influence airline 

performance: cost of jet fuel, competition within the industry and the type of operation (BM). 

The literature highlights how important these variables are (please see the methodology chapter 

for a more in-depth look at each variable). 

3.2.1 Effect of Jet Fuel Cost and Hedging Policies 

The variable "Jet fuel cost” represents the average jet fuel cost in US dollars per gallon for each 

year of the research, as obtained from jet fuel monitor (IATA, 2019). Crude oil is a valuable 

resource, and its price fluctuation is strongly connected to the stock market, which represents 

the economic growth environment (see Basher & Sadorsky, 2006; Ding et al., 2017; Huang et al., 

2005; Jones & Kaul, 1996; Miller & Ratti, 2009). The impact of crude oil prices on the industry is 

determined by the degree of reliance on crude oil of that particular industry, as measured by the 

percentage of oil costs in the overall cost (Phan et al., 2015).  

According to Bams et al. (2017), the unpredictability of oil prices is a sector-specific issue critical 

for oil-related businesses. Peng et al. (2017) echo Bam et al.’s (2017) view and state that oil 

shocks substantially influence energy-related stock indices and oil-related businesses. Because 

crude oil is the primary energy source for contemporary modes of transportation, oil 

consumption is still high. According to Narayan and Sharma (2014), who estimated the crude oil 

usage intensity of 14 industries using US input–output statistics, the US transportation industry 

consumes the most. On the other hand, the proportion of crude oil consumed by China’s 

transportation industry in overall crude oil consumption grew from 30.5% in 2000 to 49.6% in 

2006 (Ji & Chen, 2006; Zhang et al., 2011).  

Many studies examine the relationship between oil prices and the stock market index of firms. 

The goal of the airline industry is to learn how oil prices vary in relation to airline efficiency and 

productivity over time and determine if these changes or shocks affect airline performance and 

profitability. As airlines are heavily reliant on crude oil, volatility in crude oil prices will 

significantly impact airline performance and development. Hsu (2017) investigates the impact of 
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the West Texas International (WTI) crude oil prices on the stock returns of six US airlines. The 

findings show that the change in crude oil prices and airline stock returns negatively correlate 

when the oil price rises and that crude oil price shocks tend to increase airline stock return 

volatility. According to Loundon (2004), the oil price has a significant adverse impact on the stock 

price returns of Qantas Airways and Air New Zealand. Rendering to Narandaran et al. (2016), jet 

fuel prices are adversely associated with the stock prices of Cathay Pacific Airways and China 

Airlines.  

After analysing the impact of WTI crude oil prices on the stock prices of 56 airlines, Kristjanpoller 

and Concha (2016) noticed that changes in crude oil prices had a favourable effect on the stock 

prices of the majority of airlines. Their findings provide relevance to the concept of market 

rigidity, providing more evidence for the assumption that rising oil prices reflect better economic 

conditions. Airlines, like other transportation firms, consume a large amount of aviation fuel for 

air transport; thus, fuel cost expenditure plays a significant role in airline cost expenditure. The 

fuel consumed by various airlines accounts for more than 30% of the overall cost and is higher 

than all other costs linked to airline expenses (Yun & Yoon, 2019). Bahadra (2009) utilised DEA to 

look at intertemporal and peer group airline efficiency in the US market. His findings show that 

airline performance is convergent across time, and fuel cost has a more substantial impact on 

intertemporal inefficiency than peer group efficiency. As a result, the relevance of oil costs for 

airlines is confirmed.  

Management and operators are continuously looking for ways to reduce fuel costs and 

occasionally load an aircraft with more fuel than is required for a particular route since fuel may 

be more expensive at the destination (IATA, 2008). Other essential operational and planning 

strategies for fuel-saving include steady descent, more extended high-altitude operation and 

single-engine taxing procedures on the ground. Another option for reducing fuel price variations 

is to employ fuel hedging. This hazardous strategy can save or increase expenditures depending 

on the hedge contract and the market price of fuel. The fundamental idea is to buy a contract 

that locks in a future fuel price, after which the airline will pay that striking price if the price of 

fuel rises over the spot (current) price. When assessing hedges, airlines usually use one of Four 

possibilities: forward contracts, options, collars or swaps (Morrell & Swan, 2006). Fuel prices 
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directly impact airline performance and account for a substantial portion of operating costs. 

Therefore, we hypothesise that: 

H5: The higher the cost of jet fuel, the more efficient the airline is.  

3.2.2 Competition and Airline Performance  

Competition in the airline industry is very challenging to quantify since what really constitutes 

competition is difficult to describe. Do you define competition on a route level, network, or type 

of operation? All of this complicates indexing this variable, so, for this research, this variable is 

kept as simple as feasible and defined as the number of airlines operating in the same country 

with comparable business models.  

The airline industry is categorised as highly competitive, cyclic and as quickly developing 

innovation. Competition in this industry plays a vital role in shaping the performance of individual 

airlines. Competition is also known to increase consumers’ welfare and lower profit, with an 

unclear overall effect on other strategic and quality variables (Banker et al., 1998). Mergers, for 

example, tend to decrease competition in the markets, mainly because the number of players is 

reduced and market control increases (Kim & Singhal, 1993; Prince & Simon, 2017).  

A large stream of literature has scrutinised the effect of competition on airline operations, 

especially on non-price competition effects. Some studies have found that higher concentrations 

of airports and routes are associated with lower on-time performance levels (Bendinelli et al., 

2016; Rupp et al., 2006). While others have found a contradiction – more routes and airports are 

associated with higher on-time performance levels (Ater, 2012; Brueckner, 2005). Rupp & Liu 

(2018) studied the influence of competition on the supply of first- and business-class tickets and 

the frequency of flights as a proxy of flexibility due to alliances.  

Airlines cooperate with other competitors and share facilities and airport operations to reduce 

overall cost (Richard, 2003). Furthermore, they tend to create their own ‘friendly circle’ to boost 

regional markets and increase their network exposure (Gudmundsson & Rhoades, 2001). Mak 

and Go (1995) found that global competition significantly increased pressure and led to regional 

market changes; they then examined the function of collaboration as one of the drivers of change 
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that impacted airline performance. Brueckner and Flores-Fillol (2005) proposed an airline 

schedule competition model that avoided the complexity of the spatial method and found that 

equilibrium flight frequencies were inefficiently low. Fageda et al. (2019) created a unified 

methodology to study a continuum of hybrid cooperation agreements in the airline sector, 

including revenue and cost sharing; they discovered that socially optimum cooperation 

agreements progressed from the entire alliance in inter hub marketplaces to merger. Ghare-

Agahti et al. (2019) investigated airline collaboration using game theory and sustainable 

development techniques and discovered that airline cooperation might increase performance. 

The airline business is known to have a powerful rivalry that pushes carriers to continually 

modernise and innovate. 

While innovation has various effects, such as new aircraft technologies and BMs or the 

implementation of novel yield management practices, one of the most notable outcomes has 

been the proliferation of sophisticated and complex hybrid agreements among airlines. This 

tendency has been strengthened by legislative limits on foreign ownership of airlines, which have 

hampered the creation of comprehensive mergers on an international scale. In reality, airlines 

affiliated with one of the three major global alliances typically operate on international flights 

(Oneworld, SkyTeam and Star Alliance). Members of alliances typically cooperate in various ways 

to maximise revenue synergies, such as code-sharing agreements, mutual recognition of 

frequent-flyer programmes and a variety of other services to provide a seamless experience for 

interline passengers (e.g. flight schedule coordination, shared lunge access and gate proximity). 

A typical code-sharing agreement, for example, permits one carrier to advertise a set number of 

seats on other carriers under its two-letter designator code.  

Finally, hybrid airline cooperation agreements might take the form of joint ventures, which 

enable partners to share costs on specific routes to some extent (Thomas & Catling, 2014). The 

airline industry’s profit margin has remained narrow despite a substantial rise in air travel 

demand over the years. Airlines’ financial situations are under enormous strain due to high 

operational leverage and frequent demand interruptions. Pearce (2012) says that even in good 

years, the return on invested capital stays lower than the cost of capital. This means that the 

value to shareholders has gone down over time. Hence, we hypothesise that: 
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H6: In the airline industry, the higher the number of competitors in a country, the more 
efficient the airlines are.  

3.2.3 Airline Business Model   

The operational model and the type of aircrafts used by an airline characterise its BM. Typically, 

the distinction between the two is clear. In this research, the variable BM is treated as a "dummy" 

and 1 represents FSCs.  

The term ‘BM’ has been used in the business arena for a long time. However, there is no widely 

accepted definition, and up to the year 2000, neither practitioners nor researchers were 

interested in studying the differences across BMs (Casadesus-Masanell & Ricart, 2010). When it 

comes to management-related literature, the expression BM has become one of the most 

commonly used phrases (Zott et al., 2011). Researchers have widely accepted the BM concept 

despite severe criticism of its usefulness and differentiation from the original strategy terms 

(Doganova & Eyquem-Renault, 2009; Porter, 2011). The BM notion is used to analytically describe 

and analyse a particular set of firm strategic and structural design parameters at a given point in 

time by assessing several fundamental components and subdimensions (Mason & Morrison, 

2008; Morris et al., 2005; Shafer et al., 2005).  

BMs were first used in the world of internet business and gradually spread thanks to other 

researchers from adjacent management fields; today, the BM is considered essential for the 

success of any organisation (Magretta, 2002; McGrath, 2010). Among several strategic 

management theoretical frameworks, Amit and Zott (2001) suggest that the BM idea provides 

the most acceptable framework for understanding the source of value generation. When a 

company wants to change its strategic position in the value network, a comprehensive 

understanding of the BM is helpful (Nenonen & Storbacka, 2010). Chesbrough (2007) points out 

that a more robust BM is frequently more critical than a superior idea or technology. Even though 

firms do not explicitly state their BMs, how they do business and offer their goods and services 

might provide some clues. In addition, how they present themselves strategically provides insight 

into the overall architecture of their business strategies. A company’s identity is based on 

strategic positioning statements, such as vision, purpose and values. 
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Airline BMs describe the logic behind how airlines deliver services to their consumers, as well as 

the airline network structure, which is a well-established part of airline BMs. FSCs tend to operate 

on a hub-and-spoke strategy, operating from primary airports and differentiating their service. 

On the other hand, LCCs operate point-to-point networks and usually use second-tier airports. 

LCCs also minimise aircraft ground time and costs while maintaining one aircraft type to reduce 

operational, spare part and training costs. As a result of using a single type of aircraft, they can 

use their market strength to negotiate better deals with suppliers (Button & Ison, 2008). The two 

BMs’ (LCCs and FSCs) service offerings and cost positions differ and compete mainly within an 

area of short routes where the two networks intersect.  

With the introduction of new BMs and changes to the current ones, the aviation industry is 

undergoing a revolution (Nair et al., 2011). When discussing airline BM in the literature, Alamdari 

and Fagan (2005), Francis et al. (2006), Mason and Morrison (2008) and Rhoades (2006) compare 

the features of LCCs with each other, as well as with the original Southwest model (the airline 

that pioneered the LCC model), highlighting the distinction between LCCs and network carriers 

(Franke, 2004). Gillen (2006) carried out extensive research using the product and organisational 

architecture method regarding airline BMs and network structure. Mason and Morrison (2008) 

classified and correlated essential aspects of airline BMs. Lohmann and Koo (2013) proposed an 

airline BM spectrum using a product and organisational architecture-based strategy. Daft and 

Albers (2015) established a framework for identifying key dimensions and components of airline 

BMs, which they called the Daft–Albers framework. The framework identifies three components, 

describing the value generation system of an airline. Meanwhile, the airline business is becoming 

increasingly competitive due to increased rivalry amongst carriers. Gillen and Gados (2008) and 

Daft and Albers (2015) found that the lines between airline BMs are becoming less clear and that 

BMs are changing quickly. Therefore, we hypothesise that: 

H7: The LCCs’ operational BMs are more efficient than FSCs’ BMs.  
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3.3 Resources and Value Creation in the Airline Industry 

The resource-based view differs from the industry-based, as it focuses mainly on explaining 

superior firm performance based on the available resources (Barney, 2014). This perception is 

sometimes criticised as focusing only on the competitive advantage obtained from the resources 

within the firm (Barney & Macky 2016). Industries with such strategic emphasis on excellent and 

unique resources can create a competitive advantage. Nevertheless, we still observe some 

organisations with a superior position and resources in desirable industries that are not profitable 

(Barney, 2014). 

It is essential to identify the resources that can make a difference in performance, regardless of 

the industry. The challenge in the airline industry is the utilisation of the available resources, 

whether it is the individuals managing the airline or the type of aircraft being flown. Florida (2021) 

and Marrocu and Paci (2012) indicated that efficiency could be explained through the availability 

of highly educated and creative people. Moreover, employee education and knowledge are, 

without doubt, valuable resources from the perspective of performance evaluation. As the airline 

industry operates very similar aircraft types and conducts its business similarly, having an 

outstanding resource can make an enormous difference in attaining the competitive advantage 

a company may desire (Barney, 2014).  

With a thorough literature investigation and evidence from several international aviation 

organisations, such as IATA and ICAO, a number of the most important resources available to 

airlines are identified. In our research, we considered four resource variables that have been 

identified as a source of value creation in the airline industry: alliances, HR, ownership and 

location (air connectivity). Further examination of each identified resource is in the methodology 

chapter. 

3.3.1 Airline Alliances 

An airline alliance is a strategic collaboration between two or more airlines. Alliances may provide 

codeshare agreements and facility sharing between airlines. The dummy variable "member" is 

set to 1 if the airline is a member of an alliance.  
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Airlines around the globe have been progressively embracing code-sharing agreements and 

global alliance partnerships. As a result, we witness an expanding number of airlines entrenched 

in multilateral ‘cooperative’ (i.e. cooperative yet competitive) networks that affect their product 

offerings, price tactics, operating efficiency, market dominance and overall performance. Global 

airline alliances allow airlines to synchronise their procedures to provide universal capability. 

Performance is often influenced by alliance network planning and development (Baum et al., 

2014). Consumers will benefit from more destinations, lower ticket rates, more frequent 

departure times, access to more lounges, faster mileage rewards and the accessibility of ticketing 

packages around the globe (Brueckner & Whalen, 2000). All of this is only possible through airline 

alliances, as alliances provide several facilities, including sharing the same infrastructure, 

collaborating on sales and investing in various locations worldwide. Partners in an alliance have 

specific business intentions (Morrish & Hamilton, 2002), whether it is a resource orientation 

among other partner airlines (Das & Teng, 2000), novel product development (Deeds & Hill, 1996) 

or an improved network (Beamish, 1987). Hutt et al. (2000) propose that public relations 

principles, such as trust, commitment and compatibility, accelerate learning and increase the 

effectiveness of alliances. Button et al. (1998) noted that airline alliances existed long before the 

deregulation of the industry in 1978.  

One of the main reasons behind the formation of these alliances was to mitigate the very tight 

and restrictive economic regulations. Alliance formation reduces expenses, increases market 

network, avoids institutional pressures and reduces economies of scale costs (Button et al., 

1998). Oum et al. (2000) echoed Button et al.’s (1998) view, underlining that those alliances offer 

seamless traffic flow between allies’ networks. Dresner et al. (1995) have claimed that earlier 

studies on alliances revealed very little or no benefits. However, as time elapsed, they witnessed 

a change in studies, indicating some benefits from joining alliances. According to Seo (2020), each 

airline alliance has a distinct set of organisational philosophies associated with the alliance’s 

relative competitive advantage. On the other hand, Goh and Uncles (2003) discovered no 

significant variations in the advantages given by joining global alliances. Min and Joo (2016) 

looked at the comparative efficiency of global alliances and built DEA measures to evaluate 

operating efficiency. They observed no increase in airlines’ comparative performance, and being 
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part of a smaller alliance had a better impact than being part of a larger one. Seo (2020) 

conducted a study to determine what values are stressed in the mission statements of global 

airline alliance associates and if there are any significant dissimilarities between them. His 

theoretical conclusion revealed the presence of distinct ethics among international airline 

alliance members that provide a competitive advantage. 

With the airline business catering to a worldwide audience, international airlines need to 

maximise their presence on a global scale. Unfortunately, no single airline, regardless of size or 

scope, can provide adequate service to locations all over the world. Airlines create and join 

alliances to compensate for this flaw, strengthening their market presence and network. An 

airline alliance is a code-sharing arrangement between two or more airlines to offer clients a 

more extensive range of facilities than they could get by themselves (Brueckner & Whalen, 2000). 

These agreements are the polar opposite of pre-regulatory periods since airlines now collaborate 

to access more routes, allowing them to issue tickets for flights operated by others as if they were 

their own (Park, 1997). While more prominent airlines have deals with regional carriers, the 

notion of alliances has now extended internationally, with US airlines collaborating with other 

airlines to create a vast network that spans the world. Star Alliance, SkyTeam and Oneworld are 

the three largest alliances (Brueckner & Whalen, 2000). Airlines competing on transatlantic 

routes have benefitted enormously from joining an alliance. Furthermore, airlines have a 

potential gain once two alliances have at least one airport in common. The number of achievable 

networks rises exponentially (Gaggero & Bartolini, 2012). Hence, we hypothesise that: 

H8: Airlines that are members of global alliances are more efficient than non-member 
airlines.  

3.3.2  Employment and HR  

When evaluating an airline's efficiency, the workforce size is often taken into account. The 

straightforward number of the permanent staff is used to represent this variable and obtained 

directly from the airline annual reports. The deregulation of air transportation in the early 1980s 

led to intense competition in the airline industry. The poor economic conditions and the 

difficulties management faced had an unanticipated effect on the labour market for the crew, 
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flight attendants and other airline workers. Incumbents’ airlines were forced to negotiate a wage 

cut with their unionised workers (Capelli, 1984) to reduce operational expenses. In addition to 

reducing wages, airlines negotiated flexible work plans by recruiting non-union flying staff. No 

matter what happened, it was hard for legacy carriers to get their labour unions to agree to lower 

wages. Only after major setbacks such as 9/11 were some carriers able to lower wages to stay in 

business. In general, wages have slightly decreased due to significant setbacks or financial crises 

rather than the deregulation effect (Card, 1998; Hirsch & Macpherson, 2000).  

The advantage that the LCCs and the new entrants enjoyed over the legacy and large carriers in 

terms of better employment contracts were compromised by other stipulations by the 

incumbents, such as the frequent-flyer programme and the overextended network operation 

(Costa & Almeida, 2018; Levine, 1987; Yu et al., 2016). In the airline business, labour costs account 

for over 25% of overall airline operating expenses (Tolkin, 2010). The majority of airlines globally, 

including those in the United States, have historically been subject to high levels of regulation.  

ICAO created laws that encompass nearly every element of airline operations, including HR. ICAO 

regulations, for example, have previously addressed the minimum number of cabin crew in each 

flight, their training and licencing procedures, their responsibilities and functions on board, and 

their workloads and schedules (Doganis, 2005). For instance, every state in Europe had a slightly 

different deregulation effect, as it was gradual, and each had its own government regulatory 

preferences and shareholder welfare. Asia has much more diverse and weaker labour unions, 

which are more fragmented and not established enough to have any force on the airline industry 

(Gittell et al., 2009). Surprisingly, Hunter (2006) claims that unionisation is more significant than 

expected in the LCC industry, and permanent contracts account for a higher share of employment 

than contingent contracts.  

However, as competition increases, there is some convergence between LCCs and the traditional 

carriers regarding human expenses. According to Greer’s (2009) research, unionisation’s 

influence on airline efficiency is statistically negligible after accounting for the impacts of other 

anticipated drivers. A general market with a much slower deregulation effect tends to be more 

profitable than others with a higher impact of deregulation, such as in the US (Herdman, 2007). 
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While airlines are categorised by a robust old-fashioned relationship because of their high levels 

of unionisation, progressively, we see a change in the relationship between the airline and the 

workforce – a more innovative and more liberal kind of approach (Gittell et al., 2009). The size of 

an airline represents a higher employee count, resulting in an economy of scale and more market 

power (Assaf, 2011), which leads to improved efficiency. Other researchers, such as Huang et al. 

(2021), found that workforce size hinders airlines efficiency from a cost perspective. It is vital to 

recognise the value of employees and HR in the airline industry, as they form a significant part of 

competitive advantage. It is imperative that governments and industry-specific administration 

reach a common ground to support the employees and safeguard the overall industry’s survival. 

Sustaining improvements in service quality and gaining better financial performance in airlines 

will require additional dynamic and continuous restructurings in the labour–airline relationship 

(Gittell et al., 2004). Therefore, we hypothesise that: 

H9: The higher the number of an airline’s employees, the more efficient the airline is.  

3.3.3 Effect of Ownership  

Since the liberalisation of the airline industry, there has been a movement toward airline 

privatisation. Governments across the world are increasingly eager to convert their legacy 

carriers into private or public-share enterprises (Carney & Dostaler, 2006). The dummy variable 

ownership is set to 1 for state owned airlines with shares more than 50%. 

Ownership arrangements and government policies may either help form organisational value or 

barricade its progress (Lawton et al., 2013). Ownership rearrangement through privatisation has 

various incentives, but the most common is to improve carrier financial performance and 

operational efficiency (Backx et al., 2002). With this in mind, there must be a complicated 

connection between ownership configuration and airline performance.  

We face many methodological challenges when assessing international airlines’ performance, 

such as data availability and comparability (Oum & Yu, 1995; Schefczyk, 1993). Because of this, it 

is hard to establish a global popularisation. In certain countries, the privatisation of certain 

airlines results in a mixed ownership arrangement with public and private shares. This 
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arrangement lacks an explicit policy objective. Whether mixed ownership is meant to be a 

permanent arrangement or a transitory one, aspects of ownership are discussed in agency and 

strategic management theories (Beckx et al., 2002). Private airlines are more performance- and 

efficiency-focused than pure public- or mixed-model airlines, demonstrating that ownership is 

critical. However, the evidence in this respect is not even.  

Chow (2010) and Chen et al. (2017) studied the Chinese aviation sector and found significant 

differences. Chow (2010) discovered that private and mixed organisations were superior to state-

owned firms. At the same time, Chen et al. (2017) found that state ownership and company 

performance had a U-shaped connection. Duppati et al. (2016) found the opposite, observing 

that government ownership negatively impacted four out of five situations. Research by Ariff et 

al. (2009) examined a global sample of telecommunications firms four years before and four 

years after privatisation and found substantial improvements in economic and production 

performance.  

Although ownership rules and regulations were implemented during the Chicago Convention in 

1944, these regulations have proven to be highly resilient throughout the years and continue to 

be a critical factor in airline operations today. Currently, we observe that most of the change is 

being driven by airlines’ efforts to develop new ways to evade ownership and control regulations 

to remain competitive. Once these limitations are eased or removed, many cross-border mergers 

and acquisitions worldwide are possible, which enhances the aviation industry’s economic 

performance.  

Ownership may appear to be a straightforward issue, but managing it is difficult; the right to 

nominate and give an investor control over management is just one of the complications 

encountered. Flag carriers are identified as having specific ownership and management threshold 

requirements (Gertler, 1982; Patel, 2008) in order to have international air service agreements 

(see Duval & Koo, 2012). Many publicly owned and operated national flag carriers have been fully 

or partially privatised. The motive for ownership restructuring through privatisation is diverse 

but typically includes enhancing carrier financial performance and operating efficiency (Backx et 

al., 2002). According to Wang et al. (2018), LCCs and privately held airlines dominate the Indian 
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market, whereas state-owned airlines control the Chinese industry. Whether a firm is privately 

held or state-owned, the influence of such ownership on airline performance must be 

investigated. Understanding the link between airline ownership and efficiency is critical for 

executives and policymakers. to that end, we hypothesis that:  

H10: Private airlines are more performance-and efficiency-focused than pure public-or mixed-

model airlines are.  

3.3.4 Air Connectivity Index 

Air connectivity is a metric that reflects a country's level of access to the global air transport 

network (IATA, 2019), and is based on each country's average global rank. The index provides a 

measure for air connectivity at the global, regional and country level. Despite the fact that air 

connectivity generates significant economic benefits and knowledge about how cities are 

connected, it is not well-documented in the literature. This knowledge-based connectivity report 

helps the local and national economy by improving competition and enhancing employment and 

economic growth opportunities.  

There are several effective techniques published in the literature to assess air connectivity. The 

first is the work of Pearce (2007) and the UNCTAD (2007) index, followed by an index produced 

by the World Bank (see Arvis & Shepherd, 2011). More recently, Cheung et al. (2020) provided a 

scale for their Global Airport Connectivity Index; by understanding variations in the Global Airport 

Connectivity Index, it is possible to classify the appropriate forces driving international travellers’ 

movements. The work of Redondi et al. (2021) scanned the literature and provided a detailed 

examination of different connectivity concepts, from their inceptions through their most recent 

additions.  

According to IATA (2018), a country’s ability to reap economic gains from aviation is determined 

by its degree of connectivity, building competent and well-functioning institutions and 

implementing policies to foster growth in air connectivity. Governments have a significant 

contribution to make to improve air connectivity in their respective countries. Asia is the most 

connected region globally, with a solidly growing domestic and regional market, notably in China, 
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India and Indonesia. The second most connected region is North America, with the US being the 

most connected country globally. In terms of connectivity growth, both Asia and the Middle East 

have had the highest growth rates over the five years from 2014 to 2019, followed closely by 

Europe with a growth rate of 38% (IATA, 2020). 

In 2019, the world’s most connected nation was the United States. With a strong connection 

increase of 62% over the previous five years, China comes in second, followed by India and 

Indonesia. Europe has some of the world’s busiest air transportation hubs. However, the region’s 

general development is driven by the rising eastern and central European economies. The 

European aviation sector faces new difficulties, such as climate change alarms, an uncertain 

economic future and capacity restrictions (ICAO, 2019). The European aviation sector remains 

one of the most tightly regulated globally.  

The Latin American and Caribbean region’s air travel sector has the potential to expand. Regional 

demand for domestic aviation is strong due to an expanding middle class. Several liberalised 

cross-border ownership agreements continue to benefit and expand the industry, allowing pan-

regional brands to flourish with price reductions throughout the area.  

Africa remains the least connected continent. Initiatives to boost connectivity and infrastructure 

development are happening. Africa has created the Single African Air Transport Market to 

encourage connectivity. With Single African Air Transport Market, Africa will be able to increase 

its air connectivity massively (InterVistas/IATA, 2019).  

The Middle East’s geographic location enables the region to reach the world’s population within 

eight hours of flight time. Airlines in the region have developed a robust long-haul travel market. 

During the five years from 2014 to 2019, the area’s air connectivity grew by 40%, making it the 

fastest growing region in the world (The Economist Intelligence Unit, 2019).  

A country’s level of connectedness is affected by its economy, size and population. As a result, 

larger economies with larger populations will naturally be connected to more destinations and 

provide more available seats than smaller nations. It appears that Asia’s growth rate in air 

connectivity is similar to Asia’s increase in GDP. While connectivity increased beyond the GDP 

growth in the Middle East and Europe. Hence, we hypothesise that: 
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H11: The higher the connectivity index of a country, the more efficient the airline operating in 

that country is. 
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Chapter 4 RESEARCH METHODOLOGY 

4.1 Introduction 

Quantitative research designs are generally associated with positivism, especially when used with 

predetermined and highly structured data collection techniques. Utilising Saunders et al.’s (2015) 

research philosophy and understanding the nature of our research topic, the geographic scope it 

covers, deductive method will be utilised. The deductive method often begins with a hypothesis 

and attempts to assess pre-established generalisations against current notions or practices.  

Certainly, the review of the literature demonstrates a wide range of research approaches and 

procedures. One of the most commonly utilised methods in efficiency research is the DEA, which 

can be combined with bootstrap procedures (Simar & Wilson, 1998) to avoid any statistical noise 

and eliminate any errors. In the second stage, we incorporate the STP (Peng et al., 2008) to help 

us determine the efficiency drivers. Research studies are designed to find answers to a specific 

question or topic under investigation.  

In this chapter, different parameters are considered to conduct the research, including the 

research approach, research type, research design, data collection, sampling and data analysis to 

reach evidence-based solutions. The study’s overarching goal is to uncover opportunities for 

improving airlines’ efficiency. The methodology of the research began with the selection of 35 

different airlines over the period of FY2011–FY2018. Important considerations, such as ethics, 

reliability and validity, were taken into account while deciding on the method of data collection 

for the research. 

4.2 Research Approach 

The research methodology is an essential part of research that includes a systematic plan for 

gathering, evaluating and analysing the study data (Creswell, 2021). There are three sorts of 

research approaches: qualitative, quantitative and combined. The appropriate strategy for this 

study is determined by the nature of the data gathering and research challenges. Data for this 



66 

 

study were gathered from airline annual reports as well as global indices, such as the World Bank, 

Visa Openness, Economic Freedom and the TTCI.  

The research design is the process of gathering, analysing, interpreting and reporting data in a 

research project (Creswell, 2021). Explanatory research is done for two reasons: to test 

hypotheses and to learn as much as possible about the topic at hand. A consistent research 

philosophy incorporates methodological selection, plan, data gathering methodology and data 

analysis approach (Saunders et al., 2007).  

4.3 Methods of Efficiency Measure in Airlines 

The efficiency and productivity of airlines have remained a subject of great interest for scholars 

and professionals. Following the deregulation of the aviation industry in 1978, aviation research 

has expanded to include various methodologies and geographical locations. Researchers from 

many disciplines continue to be fascinated by this area of research, with many adopting even 

more sophisticated methods.  

A vast array of traditional airline efficiency measures exists. However, an emerging trend in 

recent years involves assessing airline efficiency by integrating undesirable outputs, including 

carbon emissions, flight delays, accident reports and poor supply chain management, into 

evaluating and examining airline performance. 

Scanning the literature, the initial investigations into the efficiency of the airline industry, 

including those conducted by Caves et al. (1982), Barla and Perelman (1989), Mechling (1991), 

Forsyth (2001) and Oum et al. (2005), primarily examined the impacts of deregulation on airline 

efficiency. These scholars employed conventional cost-production function estimation or index 

number methodologies to achieve their objectives.  

In the 1990s, there was a growing interest in the implications of liberalisation in the international 

arena. Prominent works in this area include studies conducted by Bruning (1991), Encaoua 

(1991), Good et al. (1993), Distexhe and Perelman (1994), Oum and Yu (1995) and Fu et al. (2015). 
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Other researchers, such as Douglas and Tan (2017), employed the difference-in-difference (DiD) 

analytical approach to investigate whether the foundation of global airline alliances and the 

subsequent growth of network coverage led to greater profitability for the founding members. 

Their analysis demonstrated that developing global alliances did not enhance profitability for 

founding member airlines or provide any economic advantage over non-founding members. This 

discovery is consistent across geographical regions, specific international partnerships and 

diverse event dates. 

Bernardo and Fageda (2017) analysed the influence of the EU-Morocco open skies agreements 

on the volume of air traffic in Morocco. The researchers examined the influence of the agreement 

on the availability of seats on existing routes and the effect of deregulation on the probability of 

establishing new routes between the countries involved. Applying the DiD method to assess if 

the pretreatment trends were comparable between the two groups, with any divergence in post-

treatment trends, might suggest the effectiveness of the change (Angrist & Pischke, 2015). The 

researchers found that the open skies agreement established between Morocco and the EU 

substantially impacted air traffic services between the countries involved. It was found that the 

supply of seats on current routes grew by around 20–35%, while the number of new routes saw 

substantial growth. 

Jiménez et al. (2023) used the DiD estimator to ascertain the causal effect of interest: Does 

augmenting the subsidy affect the daily spending and duration of overnight stays for non-

resident travellers? The resulting estimates indicate that non-resident visitors' daily expenditures 

decreased while daily spending at the destination increased significantly. 

Ye and Cui (2018) used an Input-shared Network Range Adjusted Measure model to assess the 

efficiency of 29 airlines from 2008 to 2015. They evaluated shared-worker contributions and 

responsibilities in operations, services and sales, as well as the relevance of the airline reaching 

the optimal distribution proportions throughout all three stages. To attain high airline efficiency, 

airlines must optimise the allocation proportions of their resources. The primary findings indicate 

that using shared input significantly improves airline efficiency compared to its absence. The 

operational and service efficiency of most airlines surpasses their revenue earning. The ratio of 
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staff ideal allocation varies significantly across different airlines, and most carriers should allocate 

the highest proportion of their employees to sales. 

Other researchers directed their attention to financial indicators, namely the Return on Assets 

(ROA), which quantifies the effectiveness of a corporation in using its assets to produce a profit. 

The ROA is determined by dividing the net income by the total assets, which, in turn, gives a more 

equitable assessment of profitability. Metrics such as Return on Equity fail to consider the risk 

associated with financial debt. At the same time, ROA provides investors with a more transparent 

assessment of management's capacity to generate returns from its assets. 

It is essential to understand that airlines function within a competitive industry characterised by 

substantial fixed expenses, restricted profitability and many operational intricacies. Comparing 

strategic management accounting to that of rivals is critical, as is closely monitoring competing 

airlines' strategies and operations (Tirado & Mavlutova, 2023). Strategic management accounting 

provides critical information that may help firms make decisions and reduce uncertainty in the 

business environment, possibly leading to improved financial performance (Susilawati & Faisal, 

2021). 

However, the aviation industry is notorious for producing inconsistent results using traditional 

financial performance metrics like ROA or strategic accounting (Schefczyk, 1993). This is mainly 

because obtaining the necessary data can be challenging, especially when evaluating state-

owned airlines. Another valid justification for refraining from using such criteria to assess airline 

efficiency is the capital-intensive characteristic of the airline industry, which requires extensive 

and strategic long-term planning. Actions such as acquiring or leasing aircraft, establishing airport 

hubs, developing airport infrastructure and extending route networks require substantial long-

term financial investment and constant expenditures. Hence, accounting data in the aviation 

industry is improbable to serve as the only predictor of future development potential (Gu et al., 

2023). 

According to evidence presented by Borochin (2020), inconsistently negative returns are 

demonstrated to be associated with the disclosure of poor on-time performance. This serves as 

irrefutable evidence in support of the claim that obligatory disclosures of non-financial indicators 
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yield genuine economic benefits, helping not only the organisation itself but also its executives 

(Christensen et al., 2017; Borochin, 2020; Grewal et al., 2019). 

The field of aviation productivity and efficiency research has changed over time. In addition to 

the few methods stated above, two more widely used approaches have emerged: Data 

Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA). Several scholars, including 

Oum et al. (2004), Merkert and Morrell (2012) and Yan et al. (2019), have conducted research on 

the impact of business models and management strategies (such as mergers and alliances) on 

the performance of airlines. In addition, an increasing number of studies have combined 

measures of airline productivity and efficiency with environmental factors, such as those 

examined by Lee and Worthington (2014), Scotti and Volta (2015), Lee et al. (2017) and Cui and 

Li (2019), flight delays, as explored by Fleurquin et al. (2014), Chen et al. (2017) and Tsionas et al. 

(2017), and safety concerns, as investigated by Khoshkhoo et al. (2018), Rosenow and Fricke 

(2019) and Rosenow et al. (2019). 

In particular, DEA has been subjected to several modifications and extensions regarding how 

academics have used it, beginning with the conventional application (Schefczyk, 1993) and 

progressing up to the fuzzy technique (Shirazi & Mohammadi, 2019), the Bayesian network DEA 

technique (Zervopoulos et al., 2023), conditional and meta-frontier analysis (Wanke et al., 2016; 

Daraio & Simar, 2007) and two-stage least squares (McDonald, 2009). Each of the various 

methods that have been outlined above is, in one way or another, a strategy used to significantly 

improve the validity of the DEA approach, as well as to lessen the possibility of endogeneity and 

correlation between variables and contextual factors (Simar et al., 2016).   

The DEA's strengths are indisputable in assessing airline performance since it can simultaneously 

analyse several financial and non-financial factors. Moreover, the DiD and ROA methods are 

exceptionally efficient when evaluating the consequences of alterations in operational practices, 

including but not limited to the formation of alliances, open skies agreements or ownership 

transitions. Although the ROA metric is a robust assessor of organisational performance, it fails 

to accurately evaluate firm efficiency. Considering the methods mentioned above as examples of 

alternative approaches to measuring airline performance, the current study utilises the DEA-MPI 
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efficiency change scores to analyse the factors that influence the efficiency change of the airline 

sample. 

4.4 Motivation for Using Data Envelopment Analysis 

There has been a growing interest in analysing productivity in the airline business. According to 

an extensive literature analysis by Cui and Yu (2021) and Emrouznejad and Yang (2018), DEA and 

MPI are the most often utilised approaches for examining productivity in the aviation industry. 

The parametric SFA and the non-parametric DEA are often seen in many studies addressing 

airline efficiency. 

SFA necessitates predetermining the production function and data assumption forms, leading to 

greater operational complexity. Conversely, DEA does not need a predetermined functional form 

(Tan et al., 2021). It determines the optimal combination of inputs and outputs from several 

decision-making units (DMUs) to establish a production frontier. Each DMU's relative efficiency 

is measured by its divergence from the frontier.  

DEA has been extensively used to examine the performance of other sectors like hotels, 

agriculture, oil and gas, software, manufacturing and transportation. Over time, many 

researchers analysing finance and economics have begun to apply DEA in the financial industry 

to anticipate future business models, evaluate different efficiency indicators and provide 

managers with stand-alone business solutions.  

The DEA's widespread usage reflects its superior benefits, which include requiring no previous 

assumptions and simultaneously handling several inputs and outputs. DEA does not need the 

specification of function form and may break down efficiency into several elements, including 

pure, technical, scale, allocative and technological efficiencies. Additionally, DEA is unit invariant, 

meaning it can work on variables of various units without requiring them to be unitised. 

Furthermore, DEA can be used to benchmark, establish targets and effectively identify peers.  

The DEA's primary objective was to evaluate the performance of DMUs. However, there has been 

a surge of interest in the next logical step: analysing DMU productivity differentials in recent 

years. Indeed, understanding the impact of external environmental factors on efficiency is critical 
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for explaining efficiency, recognising economic surroundings that create inefficiency and 

indirectly enhancing managerial performance.  

Although these external variables are neither inputs nor outputs within the producer's control, 

they may impact the performance of the production process. In the literature, two primary 

approaches have been employed. The ‘one-stage’ technique incorporates environmental factors, 

inputs and outputs directly into the linear programming formulation, which is referred to as the 

SFA. On the other hand, the ‘two-stage’ approach employs either the DEA or the MPI scores and 

uses them as dependent variables in a second-stage regression. As an extension of the two-stage 

technique, several researchers offer three- and four-stage studies as potential alternatives.  

The primary disadvantage of the one-stage approach is that environmental variables must be 

identified as inputs or outputs before analysis. As Simar and Wilson (2007) point out, the two-

stage approach has a fundamental fault in that the efficiency estimates are serially correlated in 

a complicated way and the first-stage efficiency scores are biased. Consequently, they proposed 

a bootstrap-based technique for second-stage inference, allowing for more precise results. It 

should be emphasised that these two-stage techniques have one more drawback: they depend 

on a separability constraint between the input-output space and the space of environmental 

variables.  

Furthermore, all previous investigations utilised a constrained parametric model for second-

stage regression. Daraio and Simar (2005) provided an entirely non-parametric technique that 

eliminates most of the issues above. They introduced conditional boundaries based on external 

environmental components and conditional order-m boundaries. Order-m frontier estimators 

(Cazals et al., 2002) are recognised to be more robust against outliers and extreme values than 

complete frontier estimates. These new conditional measures assist analysts in better 

comprehending the impact of external factors without worrying about separability issues. 

The literature on DEA and MPI is complicated, including the many expansions that have emerged 

to both the DEA and MPI. In this study, we use the conventional DEA-MPI and bootstrap efficiency 

change scores to regress on external variables while addressing the main restrictions noted by 

previous studies. 
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4.5 Data Envelopment Analysis 

In 1957, Farrell stated a non-parametric approach for the measuring and evaluation of technical 

efficiency in the presence of multiple inputs and a unique output (Farantos, 2015). This non-

parametric approach seemed to be effective in measuring the efficiency of various fields. 

However, the limited range of output prevented the formulation of an effective production 

frontier. Charnes, Cooper, and Rhodes (CCR) (1978) modified this model and presented a new 

non-parametric approach that enabled the assessment of Decision-Making Units [DMUs’] 

efficiency and productivity by considering multiple outputs and inputs. Although the CCR model 

enabled the assessment of efficiencies, as it could be applied only to technologies having 

constant returns to scale, Banker, Charnes, and Cooper (BCC) (1984) extended the CCR model to 

accommodate variable returns to scale in technologies. Methodological contributions from 

different researchers accumulated into the formation of significant literature around CCR and 

BCC models, thus giving way to DEA analysis (Ray, 2004).  

The definition of DEA is flexible and generic, but recent years have witnessed various changes in 

the application of this method, like airlines, hospitals, cities, courts, universities, business firms, 

courts, or the performance of different regions or countries. DEA is a type of linear programming 

used to evaluate the efficiency of homogenous operating units (Goksen, Dogan & Ozkarabacak, 

2015). As the process enables dataset examination even in the presence of multiple criteria and 

helps in formulating strategies for improving the performance by providing an overview of the 

existing productivity of the company, it is an essential approach for efficiency examination 

(Ebrahimi et al., 2014; Malik et al., 2018).  

4.5.1 Single stage DEA analysis 

Single stage DEA analysis is the one wherein the simple inclusion of inputs and outputs. Efficiency 

is measured relative to the best performing DMUs (Saini, 2018). Initially Charnes, Cooper and 

Rhodes (1978) formulated DEA input oriented model wherein measurement of efficiency is based 

on the ratio of weighted outputs to weighted inputs for a DMU. The original CCR input model of 

efficiency is: 
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𝑀𝑎𝑥 ℎ0 =
∑ 𝑢𝑟𝑦𝑟𝑗

𝑠
𝑟=1

∑ 𝑣𝑖𝑥𝑖𝑗
𝑚
𝑖=1

 

subject to: 

∑ 𝑢𝑟𝑦𝑟𝑗
𝑠
𝑟=1

∑ 𝑣𝑖𝑥𝑖𝑗
𝑚
𝑖=1

≤ 1 𝑗 = 1,2, … 𝑛 

𝑢𝑟 , 𝑣𝑖  ≥ 0 𝑖 = 1,2, … .𝑚 

Equation 1: Original efficiency model - input oriented (Charnes, Cooper and Rhodes, 1978) 

wherein, xij defines input of jth DMU, yrj is output of jth DMU and ur and vi are variable weights for 

linear programming. For presenting the inefficiency measure, Charnes reciprocated the above 

equation further, in order to convert the inefficiency measure of nonlinear and nonconvex form 

into linear programming system. 

 

max 𝑧0 

subject to: 

−∑𝑦𝑟𝑗𝜆𝑗

𝑛

𝑗=1

+ 𝑦𝑟0𝑧0 ≤ 0 𝑟 = 1, 2, … . 𝑠 

∑𝑥𝑖𝑗𝜆𝑗

𝑛

𝑗=1

≤ 𝑥𝑖0  𝑖 = 1,2, … .𝑚 

𝜆𝑗  ≥ 0 𝑗 = 1,2, … . 𝑛 

Equation 2: Linear programming model for inefficiency - input oriented (Charnes et al,. 1978) 
 

For representing the above equation using duality theory, Charnes presented below equation 
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min𝑔0 = ∑ 𝜔𝑖𝑥𝑖0

𝑚

𝑗=1
 

subject to: 

−∑𝜇𝑟𝑦𝑟𝑗

𝑠

𝑟=1

+ ∑𝜔𝑖𝑥𝑖𝑗

𝑚

𝑖=1

≥ 0  

∑𝜇𝑟𝑦𝑟0

𝑠

𝑟=1

= 1  

𝑢𝑟 , 𝜔𝑖  ≥ 0  

Equation 3: Dual problem of Equation 2 (Charnes et al,. 1978) 

Further, Charnes with utilization of the linear fractional programming created a linear fractional 

programming equivalent to above equation i.e. 

𝜔𝑖 = 𝑡𝑣𝑖   𝑖 = 1,2, …𝑚 

𝜇𝑟 = 𝑡𝑢𝑟   𝑟 = 1,2, … 𝑠 

𝑡−1 = ∑𝜇𝑟𝑦𝑟0

𝑟

 

𝐹𝑜𝑟 𝑡 > 0 

𝑀𝑖𝑛 𝑓0 =
∑ 𝑣𝑖𝑥𝑖0

𝑚
𝑖=1

∑ 𝑢𝑟𝑦𝑟0
𝑠
𝑖=1

 

subject to: 

 ∑𝑣𝑖𝑥𝑖𝑗

𝑚

𝑖=1

 − ∑𝜇𝑟𝑦𝑟𝑗

𝑠

𝑟=1

 ≥ 0 𝑗 = 1,2, … 𝑛 

𝑢𝑟 , 𝑣𝑖  ≥ 0  
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Equation 4: Linear fractionally equivalent equation of Equation 3 (Charnes et al,. 1978) 

DEA also indicate the inefficiencies magnitude and define the improvement units based on the 

identified inefficient units. Herein, for n DMUs (i.e., j = 1, 2....n), with consumption of amount Xj 

(i.e., Xj = xij) with m inputs (i = 1, 2...m) produces Yj (Yj = yrj) amount with r outputs (r = 1,2...s). 

Input efficiency model under VRS based on BCC input-oriented model. 

𝑚𝑖𝑛𝜃,𝜆,𝑠+,𝑠−𝑧0 = 𝜃 − 𝜀 . 1⃗ 𝑠+ − 𝜀 . 1⃗ 𝑠− 

subject to: 

𝑌𝜆 − 𝑠+ = 𝑌0 

𝜃𝑋0 − 𝑋𝜆 − 𝑠− = 0 

1⃗ 𝜆 = 1 

𝜆, 𝑠+, 𝑠−  ≥ 0 

Equation 5: VRS based DEA model - input oriented (Yang, 2006) 

wherein, 𝑠+ 𝑎𝑛𝑑 𝑠− represents the slacks in system 

A DEA developer needs to choose the way of operating a concerned DMU wherein CRS (constant 

returns to scale) or VRS (variable returns to scale) characteristic of operations define the 

formulation that would be required for simulating DMU. With the application of CRS behaviour, 

DMU would be operating at optimal scale hence model would define the productivity ceilings 

and optimal decision making. However, in real time scenario of firms, the functioning of DMU is 

influenced by various factors like economic limitations, industry characteristics, or regulatory 

constraints which prevent the existence of perfect competition and application of optimal 

decision making. Hence, for developing an effective model to have real world applications of DEA 

model, VRS frontier is used (Coelli et al ., 2005).  
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4.5.2 Multistage DEA analysis 

DEA analysis processed with more than one stage for the respective DMU is regarded as the multi 

stage DEA analysis. Herein leveraging the formulas, multistage DEA analysis enables the 

optimization of all model stages by considering the upstream stage outputs as the inputs for the 

successive stage. Converging the combined set of decisions, the efficiency based results is derived 

which represent the best aggregation of the respective DMU for combined model (Saini, 2018). 

Chen and Zhu (2004) presented a VRS two stage model wherein the business performance is 

determined by considering the impact of information technology and investment. The model can 

be presented as under. 

min𝜔1𝛼 − 𝜔2𝛽 

subject to: 
First stage -  

∑𝜆𝑗𝑥𝑖𝑗

𝑛

𝑗=1

≤ 𝛼𝑥𝑖𝑗0  𝑖 = 1,2, …𝑚 

∑𝜆𝑗𝑧𝑑𝑗

𝑛

𝑗=1

≤ �̌�𝑑𝑗0  𝑑 = 1,2, …𝐷 

∑ 𝜆𝑗
𝑛
𝑗=1  = 1 

𝜆𝑗 ≥ 0 𝑗 = 1,2, … . 𝑛 

𝛼 ≤ 0  

Second stage -  

∑𝜇𝑗𝑧𝑖𝑗

𝑛

𝑗=1

≤ �̌�𝑑𝑗0  𝑑 = 1,2, …𝐷 
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∑𝜇𝑗𝑦𝑟𝑗

𝑛

𝑗=1

≤ 𝛽𝑦𝑟𝑗0  𝑟 = 1,2, … 𝑠 

∑ 𝜇𝑗
𝑛
𝑗=1  = 1 

𝜇𝑗 ≥ 0 𝑗 = 1,2, … . 𝑛𝛽 ≤ 0 

Equation 6: VRS 2-stage DEA model (Chen & Zhu, 2004)  

wherein, xi define 1st stage inputs, zd is 1st stage intermediate outputs and 2nd stage intermediate 

input, yr is 2nd stage outputs, and W1/W2 are defined weights of two stage outputs (Chen & Zhu, 

2004). Thus, the production process for the 2-stage DEA model could be represented (Kao & 

Hwang, 2008) as: 

Hence, the multi-stage DEA analysis model enables the examination of the overall efficiency of 

different DMU at different operation levels by having the assessment at individual stage 

efficiencies. 

4.5.3 Malmquist productivity index under DEA 

Productivity is an important driver of profitability. In fact, the Total Factor Productivity (TFP) 

change is the most complete measure of productivity gain (Baulk, 2003). Productivity is therefore 

of crucial importance in raising living standards, which explains the focus on theoretical 

productivity indices (see Russell, 2018). A theoretical productivity index is based on the 

assumption that the technology is known and non-stochastic, and is often approximated by a 

nonparametric multiple-input, output specification with some form of distance function.  

Figure 2 Two-stage DEA model production process (Kao & Hwang, 2008) 
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Nishimizu and Page's (1982) work was perhaps the first to divide productivity into two parts: 

technical change and technological efficiency change. Caves, Christensen, and Diewert (1982) 

investigated the discrete-time Malmquist production index, using distance functions as broad 

technical representations.  

Caves et al. (1982) show that the Malmquist index is related to the Törnqvist productivity index 

when translog technology is taken into account. In contrast, the Törnqvist productivity index uses 

both price and quantity data and requires no knowledge of technology (Diewert &Fox, 2010).  

Färe et al. (1994) proposed a method for estimating the distance functions in the Malmquist 

productivity index by leveraging their relationship with radial efficiency measures computed 

relative to nonparametric technologies, as well as incorporating the two-part (Nishimizu and 

Page 1982) decomposition. MPI shows that examining each component of the Malmquist 

productivity index produces comprehensive data. Such evaluations could prove extremely useful 

in accurately assessing a company's performance.  

Finally, given that Caves et al. (1982) and the Luenberger productivity indices (Luenberger, 1992) 

are the most often used indices in empirical research, the popularity of both techniques cannot 

be denied. The Malmquist index, for example, is the most widely used instrument for measuring 

productivity change in air transport. Its attractiveness arises mostly from its computational 

simplicity, which needs no pricing information or underlying functional forms. Furthermore, the 

Malmquist index exhibits four of the most desired TFP index properties: monotonicity, 

separability, identity, and proportionality, with the exception of circularity (Fried, 2008; Ait 

Sidhoum, 2023). 

The Malmquist index is mainly applied for measuring productivity change over a period of time 

by decomposition of the total effect into technological change index and technical change index. 

The index stated by Fare (1994) is based on usage of the efficient frontier model based on the 

value of distance of observations from the computed efficient frontier (Shahverdi & 

Ebrahimnejad, 2014). This formulated model using DEA output and input data could be expressed 

as 
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𝑀𝑖
𝑡+1(𝑦𝑡+1, 𝑥𝑡+1, 𝑦𝑡, 𝑥𝑡) =

𝐷𝑖
𝑡+1(𝑦𝑡+1, 𝑥𝑡+1)

𝐷𝑖
𝑡(𝑦𝑡, 𝑥𝑡)

∗ [
𝐷𝑖

𝑡(𝑦𝑡+1, 𝑥𝑡+1)

𝐷𝑖
𝑡+1(𝑦𝑡+1, 𝑥𝑡+1)

∗
𝐷𝑖

𝑡(𝑦𝑡, 𝑥𝑡)

𝐷𝑖
𝑡+1(𝑦𝑡, 𝑥𝑡)

]

1
2

 

Wherein,  

• t and t+1 are different time periods, 

• 𝑀𝑖
𝑡+1(𝑦𝑡+1, 𝑥𝑡+1, 𝑦𝑡, 𝑥𝑡) = tfpch (total factor productivity change) 

• 
𝐷𝑖

𝑡+1(𝑦𝑡+1,𝑥𝑡+1)

𝐷𝑖
𝑡(𝑦𝑡,𝑥𝑡)

 = effch (technical efficiency change) = pech (pure technical efficiency 

change) * sech (scale efficiency change) 

• [
𝐷𝑖

𝑡(𝑦𝑡+1,𝑥𝑡+1)

𝐷𝑖
𝑡+1(𝑦𝑡+1,𝑥𝑡+1)

∗
𝐷𝑖

𝑡(𝑦𝑡,𝑥𝑡)

𝐷𝑖
𝑡+1(𝑦𝑡,𝑥𝑡)

]

1

2
= techch (technological change) 

• tfpch = (pech * sech) * techch 

Equation 7: Malmquist productivity index (Shen et al ., 2010) 

In the above stated equation, the productivity index for the model could be represented by the 

ratio of production points i.e., the value of (xt+1, yt+1) relative to (xt, yt). Herein, in case: 

- The values of technical efficiency change are 1 then the value depicts that the distance of 

the observations from there frontier is same for both the periods i.e., t and t+1; for the 

value of less than 1 depicts the movement of DMU far from frontier in t+1 compared to 

the position of it in period t; for the value of more than 1, DMU has moved closer to 

frontier in time period t+1 compared to its position in t period. 

- Further, for the technological change in case the value is 1, there is no shift in the status 

of technological level for an industry whereas for the value of more than 1, the 

technological improvement could have been taken place leading to shift in the production 

frontier and hence production of higher output without any variation in the level of input 

used while the value of less than 1 represents that there has been degradation in the 

technological level of the industry leading to have regression in the output generation 
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possibility of the company from the given input (Ling et al., 2018). Thus, Malmquist index 

method of DEA analysis working with the balanced data measures the relative 

productivity of DMU and helps in decomposition of the entities economies of scale into 

technological change or technical efficiency so as to suggest the industries with regard to 

the required improvements (Gök, 2012; Ling et al., 2018).  

4.6 Bootstrap MPI  

Efron (1981) developed the bootstrap approach, which is a useful tool for determining the 

sensitivity of measuring efficiency scores to sample variance. Bootstrapping is a generating 

process (data-generating process) that consists of resampling and applying the original estimate 

to each simulated sample (see Efron & Tibshirani, 1985). The resulting estimate closely resembles 

the original estimator’s sample distribution (Simar & Wilson, 1998).  

One of the main issues with the DEA efficiency score methodology is that it does not account for 

noise or random error because it employs a linear programming approach to estimate the 

frontier. The bootstrap technique is used to counter this kind of problem by selecting a random 

sample of thousands of ‘pseudo samples’ from the observed set of sample data. Simar and Wilson 

(1999a) extended the DEA bootstrapping approach to account for any temporal correlation 

emerging from panel data features while estimating confidence intervals for Malmquist indices. 

They provided a consistent technique that accounts for temporal correlation via the covariance 

matrix of data from two consecutive years using a bivariate kernel density estimation. As new 

sets of inputs and outputs are produced, the steps are then repeated B times to generate the 

bootstrapped estimation for the Malmquist and its components (Assaf, 2011). 

4.7 Robustness Checks in the DEA Approach 

Robustness refers to the degree to which a model can operate efficiently in the presence of 

variation or stressful environmental conditions (Micskei et al., 2012). As robustness ensures 

stability under independent or other forms of determination, the result derived from the analysis 

is reliable and real, stating that with the presence of different numbers and mutually 
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independent routes, the same conclusion can be derived (Shevlyakov & Vilchevsky, 2011). As 

they are influenced by the presence of various factors which are not considered for the 

examination, the linkage between the variables becomes weak, and even inappropriate 

information is derived. Thus, robustness testing includes the influence of these faults or 

vulnerabilities in the model, and by assessing these factors’ impact on the associated variables, 

the sensitivity of the model with respect to these uncertain factors is stated (Neumayer & 

Plumper, 2017).  

In the airline industry, DEA computes the efficiency and productivity of the DMU without any 

specific assumptions, but this analysis hampers the validity of the model, as comparison of the 

DMU in the absence of assumptions would omit the impact of uncertain factors. Thus, a strategy 

that is suggested for having the robustness testing of the DEA and having a comprehensive 

evaluation of DMU efficiency is the augmentation of DEA with successive analysis techniques 

(Saini, 2018). The most common methods in airlines for robustness testing are the augmentation 

of DEA with bootstrapping (Efron & Tibshirani, 1994; Simar & Wilson, 1999a; Simar & Wilson, 

1999b; Simar & Wilson, 2011a) or DEA with second-stage regression analysis. When analysing 

the second-stage DEA regression, additional tests are often carried out, including the 

heteroscedasticity, multicollinearity, separability test and correlation assumptions, to guarantee 

more accurate and valid findings. 

4.8 Variables’ Description 

4.8.1 Data for Stage-1 DEA  

Apart from selecting the proper DEA model to be used in the context of evaluating airline 

efficiency, the optimal inputs and outputs are also critical for achieving the objectives of the 

research endeavours. The selection of the inputs and outputs should definitely take into account 

the scope of the research, thus dictating the need for prior meticulous determination in 

accordance with the needs of each individual topic under investigation. 

- Descriptions of the input variables used in this study are stated below: 
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• Operating costs: Measured in millions; all foreign currencies were converted to US dollars 

at the prevailing exchange rate at the time. The costs of operating and running an airline 

are referred to as operating costs, which includes navigation fees, fuel costs, employee 

pay and salaries, service desk costs and administrative expenditures (Mugun, 2019). 

Operating expense is a significant input variable for the analysis of an airline firm that 

works extremely hard to minimise costs and improve profits (Cronin & Alexander, 2019). 

Some of the previous research utilising operating expenses as an input includes Barros 

and Couto (2013), Barros and Peypoch (2009), Barros et al. (2013), Fethi et al. (2000), Lee 

and Worthington (2014), Schefczyk (1993), Scheraga (2004b), Sengupta (1999). 

• Number of employees: The number of employees working in an airline firm is also an 

important variable for understanding the operational efficiency of a company (Cronin & 

Alexander, 2019). The workforce of an airline firm is an input variable, and for the 

successful running of operations of an airline firm, the number of employees as per the 

requirement is highly imperative. During losses, airline firms opt for staff reduction as well 

as better staff productivity; both have a direct relation to work efficiency (Appelbaum & 

Fewster, 2002). Some of the studies that have included employees as an input variable 

are Barros and Couto (2013), Barros and Peypoch (2009), Cui and Li (2017), Huang et al, 

2021; Hong and Zhang (2010), Omrani and Soltanzadeh (2016), Tavassoli et al. (2014) and 

Wang et al. (2011). 

• The number of aircraft: In an airline company, the number of aircraft operating for the 

firm represents the available seats for passengers to travel, and it also represent cost for 

the firm (Wittmer & Bieger, 2011). Therefore, the number of aircraft represents an 

important input variable (Barbot et al., 2008; Barros & Peypoch, 2009; Cao et al., 2015; 

Good et al., 1995; Wang et al., 2011; Zhu, 2011). 

- Descriptions of the output variables used in this study are stated below: 

• Total revenue: Measured in millions; all foreign currencies were converted to US dollars 

at the prevailing exchange rate at the time. The total revenue of an airline refers to the 

total earnings of the company (Qin, 2018). It is the gross income generated by the airline 
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company, and it is considered an important variable to measure the performance of an 

airline (ICAO, 2021). Revenue of the company is considered the output derived by the firm 

as a result of the airline’s operations (Barros et al., 2013; Cui & Li, 2017; Hong & Zhang, 

2010). 

• Load factor: Load factor metrics represent the total seating capacity of an airline that can 

be filled with passengers (Szabo et al., 2018). It is generally used to analyse how efficiently 

a transport provider can manage its seats and generate revenue. This is an important 

output factor, as it directly represents the revenue and profitability of the airline firm 

(Barros et al., 2013; Choi, 2017; Good et al., 1995; Joo & Fowler, 2014; Zhu, 2011). 

• RPK: Measured in millions; all foreign currencies were converted to US dollars at the 

prevailing exchange rate at the time. RPK refers to the number of kilometres travelled by 

passengers (AirlineGeeks, 2016). The total revenue earned by the airline is an important 

performance indicator. It has been used as an output variable in many studies (Cui & Li, 

2017; Joo & Fowler, 2014; Lozano & Gutiérrez, 2011; Merkert & Pearson, 2015; Min & 

Joo, 2016; Omrani & Soltanzadeh, 2016; Sjögren, 2016). 

4.8.2 Data For Stage-2 Determinants of Airline Efficiency (Regression Analysis)  

- Dependent Variable 

The dependent variable in our second-stage regression analysis utilises the bootstrap efficiency 

change scores acquired from the MPI. Bootstrapping aims to estimate an accurate sampling 

distribution by mimicking the data-generating process (Simar & Wilson, 2000b). Since our 

dependent efficiency change scores are skewed, the logarithmic form is used. Our experiments 

with this variable have shown that logging the scores produces data with less skewness and 

better distributions. 

Several factors usually influence the choice to use a logarithmic transformation for the 

dependent variable, including the preference for multiplicative or proportional reactions to a 

covariate of interest, convenient computation of an elasticity as in the log-log model, the 

utilisation of specific utility, demand, production, cost functions (such as the Cobb-Douglas and 

translog formulations), the estimation of the logarithm of the odds ratio for grouped data from 
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a logit model or the necessity to handle dependent variables that exhibit significant skewness 

towards one side (Manning, 1998; Box & Cox, 1964). 

- Independent Variables 

The strategy tripod enables us to elaborate on the hypotheses created by the tripod’s three legs, 

institution, industry and resource perspectives in order to completely appreciate the strategic 

mindset and behaviour. The variables listed below were as independent variables to test our 

hypotheses; each measure was carefully chosen to reflect the hypothesis under consideration. 

- Institutional-based view  

• Travel and Tourism Competitiveness Index: The global TTCI index is the average 

composed score of multiple indexes, the higher the score the better the competitiveness. 

Tourism and aviation seem to be interconnected. Travel and tourism competitiveness 

impact inbound and outbound international transport service. Global tourism competition 

represents the number of arrivals in any particular region compared with others. Scholars 

have long established that tourism and aviation have undeniably strong reciprocal and 

synergistic connections (Beiger & Wittmer, 2006; Debbage, 1991; Forsyth, 2006; Forsyth, 

2010). Therefore, we use the TTCI as an independent variable to measure the effect of 

passenger flow on airline efficiency.  

• The Trade Openness Index: Trade openness is measured as the sum of a country’s exports 

and imports as a share of that country’s GDP (in %). International trade is the key source 

of revenue for nations. The aviation industry is also affected by trade openness between 

two countries. There is a common agreement on the importance of international trade in 

boosting the competitiveness and development of a country (Guadros et al., 2004; 

Kuledran & Wilson, 2000; Kumar & Hoffmann, 2002; Porter, 1990). 

• Visa openness: Calculated from the Arton Capital's mobility scores [MS], a global ranking 

for the world passports see for example (Haynes, 2017; Keshavarz, 2018; Nitsch, 2019). 

Visa openness is significant in travelling to any nation, as the visa policy of that nation can 

put certain limitations on international travel that affect the growth and revenue of 

airlines (UNWTO, 2013). Neumayer (2010) and Neumayer (2011) carried out extensive 
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worldwide cross-sectional research showing that visa requirements reduce travel 

motivation by between 52% and 63%, reducing bilateral trade by approximately 21% and 

FDI amounts to 32%. Restrictions on visas often result in constraining passenger flow 

(Neumayer, 2006; Neumayer, 2010; Neumayer, 2011; Song et al., 2012; Thomas, 2012; 

UK Visa Bureau, 2012).  

• EFW: Calculated from the (EFW) index. This index is a measure that guides the progress 

made in advancing economic freedom, which results in growth and development. It is an 

important variable, as it represents the economic advancement of a country, which 

affects airline industry profitability (Rajasalu, 2003). The EFW index has been widely 

utilised in the scholarly literature to conduct rigorous research on various topics (Hall & 

Lawson, 2014) and has been found to have a strong correlation with economic growth 

(De Hann et al., 2006). 

- Industry-based view  

• Fuel cost: calculated as the average jet fuel cost in US dollars per gallon in each year of 

the study.  The impact of crude oil prices on the industry is determined by the degree of 

reliance on crude oil of that particular industry, as measured by the percentage of oil cost 

in the overall cost (Phan et al., 2015). Airline fuel consumption accounts for more than 

30% of their overall costs and is higher than all other costs linked with airline expenses 

(Yun & Yoon, 2019). The price of fuel globally impacts the cost incurred by airline firms. 

High fuel prices result in high expenditure of airlines (GAO, 2014). Therefore, our first 

industry-related variable is to see whether a change in the cost of jet fuel has an impact 

on airline efficiency.  

• Competition: The number of airlines operating in a country with comparable BM. The 

airline industry is categorised as highly competitive. Market competitiveness is the 

presence of substitute airline firms for passengers that increases airlines’ quality of 

service. Higher market competitiveness results in increased airline efficiency (Mrazova, 

2013). As described earlier, it is difficult to quantify and localise competition in the 
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aviation industry. Therefore, we only consider the number of airlines operating in each 

country with a comparable BM.  

• BM: Dummy variable takes the value of 1 for FSCs. The BM notion is used to analytically 

describe and analyse a particular set of firm strategic and structural design parameters at 

a given point in time by assessing several fundamental components and subdimensions 

(Mason & Morrison, 2008; Morris et al., 2005; Shafer et al., 2005). The BM on which an 

airline firm is operating plays a crucial role in deciding its competitive advantage 

(Schneider, 2013). A strategic and efficient BM results in high productivity and service 

quality; therefore, this is an important variable.  

- Resource-based view 

• Alliances: Dummy variable takes the value of 1 for a member. Partners in an alliance have 

common specific business intentions (Morrish & Hamilton, 2002), whether that is 

resource orientation among partner airlines (Das & Teng, 2000), novel product 

development (Deeds & Hill, 1996) or an improved network (Beamish, 1987). Alliances in 

the aviation industry represent substantial cooperation between two or more airlines to 

provide effective services to passengers. It is an important variable affecting operational 

cost and network utilisation (Kuzminykh & Zufan, 2014). The variable is used as dummy 

and set at 1 for FSCs.  

• Number of Employees: The total number of full-time employees. airline industry’s labour 

expenditures per employee are among the highest. The airline sector is heavily unionised, 

in part due to its long history as a regulated industry. Even in the best of circumstances, 

all of this results in razor-thin profit margins. Hunter (2006) claims that unionisation is 

more significant than expected in the LCC industry. Employee costs account for 

approximately 25% of total airline costs, making them an important variable when 

measuring airline efficiency (Huang et al, 2021). 

• Ownership: Dummy variable takes the value of 1 for state-owned. Ownership 

arrangements and government policies may help form organisational value or barricade 

its progress (Lawton et al., 2013). Private airlines are more performance- and efficiency-
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focused than pure public or mixed-model airlines, demonstrating that ownership is critical 

(Chen et al., 2017; Chow, 2010). To investigate whether there is any substantial influence 

on our airline sample, we defined ownership as organisations holding more than 50% of 

the shares.  

• Air connectivity index: Calculated on each country's average global ranking and obtained 

from the air connectivity reports (IATA, 2019), the higher the number the more connected 

a country is.  A country’s location and air connectivity are vital to the success of an airline. 

According to IATA (2018), a country’s ability to reap economic gains from aviation is 

determined by its degree of connectivity, building competence, well-functioning 

institutions and policy implementation to foster growth in air connectivity. The report 

provides a measure for air connectivity at the global, regional and country levels. Our aim 

is to see if there is a link between higher air connectivity and airline performance.  

4.9 Research Hypothesis  

A summary of the final hypotheses to be tested in the regression analysis are listed below in 

Table 2.  

Table 2 Research Hypothesis 
Research Hypotheses  Perspective 

H1: Measured by the TTCI, the more attractive a destination is, the more efficient the airline operating in that 

country is.  

Institution 

H2: The higher a country’s Trade Openness Index, the more efficient the airline operating in that country is.  Institution  

H3: The higher the Visa Openness Index, the more efficient the airline operating in that country is.  Institution 

H4: The greater the economic freedom of a country, the more efficient the airline operating in that country is.  Institution 

H5: The higher cost of jet fuel, the more efficient the airline is.  Industry 

H6: In the airline industry, the higher the number of competitors in a country, the more efficient the airlines 

are   

Industry 

H7: LCCs are more efficient than FSCs (BM) Industry 

H8: Airlines that are members of global alliances are more efficient than non-member airlines.  Resource 

H9: The higher the number of an airline’s employees, the more efficient the airline is.  Resource 

H10:  Private airlines are more performance-and efficiency-focused than pure public-or mixed-model airlines  Resource 

H11: The higher the connectivity index of a country, the more efficient the airline operating in that country is. Resource 
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4.10 Dataset 

The dataset comprises information collected from 35 leading global airlines’ annual reports for 

the period from FY2011 to FY2018. The annual reports and the official websites of airlines have 

been used to collect the data, ensuring the reliability of the sources used. The second-stage data 

were collected from the official website of the World Bank and other reliable indices, such as the 

EFI and the Visa Openness Index. The airline companies selected for the research are the globally 

leading firms in the aviation industry. Herein, with the information on the productivity of the 

global aviation industry, attempts have been made to include leading airlines from across the 

world. Further, the access and the availability of the data have also been considered when 

selecting our sample. The following criteria are summarised below:  

• Availability of data  

• Size of the airline 

The selected airlines reflect a wide range of sample size from different countries around the 

globe. The majority of our sample comes from Europe, North America, Asia, Africa, the Middle 

East, Australia, and finally, one from South America. The selection of the sample was limited due 

to the availability of data over a long period of time, eight years, as well as the readability of the 

annual reports and the breakdown of data. The size and type of BM were also factors when we 

considered sample collection. Finally, we considered varieties of ownership to make sure our 

data fulfilled the objectives of the research. 

Table 3 Airlines Names, Types and Ownership 

Airlines BM Ownership One-highlight description 

Aer Lingus FSC Private 
Operates out of Ireland, primarily providing passenger and cargo transportation 
services 

Aeroflot FSC Government 
Leader of the Russian air transportation market/among the world’s Top 20 
airlines 

Air Canada FSC Private 
Air Canada is Canada’s largest domestic and international airline, serving more 
than 190 destinations on five continents 

Air China FSC Private 
The company has a domestic and international network, with a total fleet size of 
628 aircrafts 

Air-France FSC Private 
Flag carrier of France, subsidiary of the Air France–KLM Group, member of the 
SkyTeam  
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Alaska FSC Private 
The airline operates out of five hubs, with its primary hub located 
in Seattle/Tacoma 

Alitalia FSC Government 
In June 2014, the Abu Dhabi-based UAE national airline Etihad 
Airways announced it was taking a 49% stake in Alitalia 

British 
Airways 

FSC Private British Airways is the largest international airline in the world 

Cathay 
Pacific 

FSC Private 
Cathay Pacific is the world’s fifth-largest airline measured by sales and 14th-
largest measured by market capitalisation 

China 
Eastern 

FSC Private 
China Eastern Airlines is China’s second-largest carrier by passenger numbers 
after China Southern Airlines 

Delta FSC Private Became the best-performing airline in the United States in 2017 

Easy Jet LCC Private 
EasyJet’s strategy is focused on primary airports, serving valuable catchment 
areas that represent Europe’s top markets by GDP 

Emirates FSC Government Emirates airline was named ‘Airline of the Year’ at the 2018 Air Transport Awards 

Etihad FSC Government 
Etihad operates out of Abu Dhabi and is considered a top airline, providing a high 
level of service 

Ethiopian 
Airlines 

FSC Government 
Ethiopian was named Africa’s most profitable airline for the year 2010 by Air 
Transport World 

Finnair FSC Government 
Finnair is the sixth-oldest airline in continuous operation. The state of Finland is 
the major shareholder (55.8%) 

Hawaiian 
Airlines 

FSC Private The flag carrier and the largest airline in the US state of Hawaii 

Iberia FSC Private 
Founded in 1927, Iberia is the largest Spanish airline and the leader between 
Latin American and Europe 

Japan 
Airlines 

FSC Private 
Japan Airlines has made partnership agreements with VietJet, Vistara, Hawaiian 
Airlines, Aeroméxico and Aeroflot 

Jet Blue LCC Private 
JetBlue ranked ‘Highest in Customer Satisfaction Among Low-Cost Carriers in 
North America’ by J.D. Power and Associates 

Kenya 
Airways 

FSC Private Kenya Airways continues to face strong headwinds with intense competition 

KLM FSC Private 
Air France and KLM agreed to a merger plan. Delta Air Lines, Air France–KLM and 
Virgin Atlantic decided to launch a long-term joint venture 

Korean Air FSC Private Korean Air is the largest airline and flag carrier of South Korea based on fleet size 

LATAM 
Brazil 

FSC Private 
LAN Airlines SA and TAM Linhas Aereas SA adopted the single brand: LATAM 
operating out of Chile 

Lufthansa FSC Private 
Lufthansa is the largest German airline, which when combined with its 
subsidiaries, is the second-largest airline in Europe in terms of passengers carried 

Qantas 
Airways 

FSC Private 
It is the third-oldest airline in the world, and Qantas is one of the most successful 
airline groups in the world 

Qatar 
Airways 

FSC Private 
Qatar Airways is one of the youngest Gulf airlines and considered a leader in 
acquiring innovative and high-level technological aircraft 

Ryanair LCC Private 
Ryanair operates an ultra-low fare, scheduled airline serving short-haul, point-to-
point routes largely in Europe from 84 bases to airports across Europe 

SAS FSC Private SAS is one of Scandinavia’s strongest and best-known brands 

Singapore 
Airlines 

FSC Private 
One of the world’s best airlines, with a very innovative approach and high-quality 
services  

South 
African 
Airways 

FSC Government South Africa has an international as well as domestic operation 
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4.11 Data Sources 

The first-stage data for the 35 airline firms operating in different nations were sourced from the 

airlines’ annual reports for the period from 2011 to 2018 (refer to Appendix 13). The second-

stage data for the regression analysis were sourced from the following: the World Bank, TTCI, 

Visa Openness Index, EFW, and finally, from IATA (see Table 4). The Centre for Asia Pacific 

Aviation [CAPA] analysis on airline leaders reported that the top airlines are the companies 

utilising the opportunities in airport travel business with utmost focus on corporate travel, cargo, 

as well as commercial flight travel (CAPA, 2021).  

Table 4 Summary of Data Sources 
 

 Data  Source  

1 Airline Data  See Appendix-13 for official airline annual reports source 

2 TTCI The Travel & Tourism Competitiveness Report 2019 | World Economic Forum 

(weforum.org) 

3 Trade Openness 

Index  

Trade Openness, 2017 (ourworldindata.org) 

4 Visa Openness  Arton Capital Passport’s Global Mobility Score: The Passport Index - Arton Capital. 

5 EFW  Economic Freedom of the World: Promoting Economic Opportunity and Prosperity by 

Country (heritage.org) 

6 Fuel Cost  IATA - Fuel Price Monitor 

7 Competition  The number of airlines operating in the same country with comparable business model 

8 BM  Annual airline reports 

9 Alliances Annual airline reports 

10 Employment  Annual airline reports 

Southwest 
Airlines 

LCC Private 
Pioneered the low-cost concept. Southwest carried the most domestic 
passengers of any United States airline 

Thai Airways 
International 

FSC Private Thai International was founded in 1960 as a joint venture with SAS 

Turkish 
Airlines 

FSC Government 
By the end of 2013, Turkish Airlines had increased their number of flight points to 
241 destinations worldwide (199 international and 42 domestic) 

United 
Airlines 

FSC Private One of the largest airlines in the United States 

WestJet LCC Private WestJet is currently the second-largest Canadian air carrier 
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11 Ownership  Annual airline reports 

12 Location Air Connectivity (iata.org) 

4.12 Return-to-Scale Tests for the DEA  

Testing for returns to scale of the underpinning technology is critical in DEA, since different 

returns-to-scale axioms might lead to different conclusions (Camanho & Dyson, 2005; Dyson et 

al., 2001; Ray & Desli, 1997). Färe and Grosskopf’s (1985) initial approach lacked any statistical 

support. Meanwhile, the Kolmogorov–Smirnow test was proposed by Banker and Natarajan 

(2008) as a semi-parametric returns-to-scale test (Simar & Wilson, 2002). To determine the 

presence of scale economies, we use Simar and Wilson’s (2002) and Simar and Wilson’s (2011b) 

bootstrapped test technique. Critical values, also known as P-values (refer to Table 5), must be 

estimated in order to test them statistically. Because of noise or random error, the bootstrapping 

approach is used to find the correct critical values. The return to scale test is used to test whether 

the technology is CRS versus VRS (Mahlberg & Url, 2010; Simar & Wilson, 2002; Tortosa-Ausina 

et al., 2012). This method evaluates the scale efficiency of the entire sample, what is called the 

global returns to scale. In addition to testing the nature of scale assumption, this test justifies 

whether evaluating the scale efficiency of firms is essential. The null hypothesis indicates that the 

technology is CRS. Testing indicates that the test statistic is significant at 1%. Therefore, we reject 

the null hypothesis of CRS. 

Table 5 Return to Scale Test 
 
𝑯𝟎; ψ is CRS Ŝ𝟏 Ŝ𝟐 Ŝ𝟑 Conclusion  

Test Statistic 0.9477425*** 0.9821648*** −0.05298914*** Reject CRS 

Critical      

1% 0.984388 0.9802853 −0.0152913  

***P < 0.001%     

 

4.13 Research Instrument  

Each airline company is a homogenous unit. Therefore, we can apply the DEA methodology to 

assess the comparative performance of these companies. DEA is conducted using multiple 

software, such as the DEAP (Coelli, 1996), PIM software (Emrouznejad & Thanassoulis, 2014) and 
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the DEA Slover (Cooper et al., 2007), as well as multiple packages used with RStudio (FEAR, rDEA, 

Benchmarking). All these software have their advantages and disadvantages and are capable of 

producing the same results, as all of them use a linear programming algorithm to solve data. Each 

software has its operating procedure and data entry instructions, and they all produce more or 

less similar output and results. DEA scores calculated for each period (year) and the panel data 

or time period MPI, which compares company efficiency between two periods of time. Färe et 

al. (1992) constructed the DEA MPI as the geometric mean of the two MPIs of Caves et al. (1982): 

one measures the change in efficiency, and the other measures the change in the frontier shift 

technology (Färe et al., 1992). 

4.14 Tobit Regression 

Probit models are often associated with binary variables (0 and 1). Tobit models, on the other 

hand, are entirely different; they form an extension of linear regression. Specifically, when a 

continuous dependent variable has to be regressed but is skewed to one side, the Tobit model is 

most often utilised. The Tobit model allows for regression of such a variable while censoring it, 

resulting in regression of a continuous dependent variable. It allows the analyst to choose a lower 

or upper threshold for censoring the regression while preserving the linear assumptions 

necessary for linear regression (Nelson, 1990; Greene, 2004).  

Tobin (1958) was the first to develop the Tobit methodological model. The Tobit model is an 

excellent statistical tool for dealing with discrete and restricted dependent variables. The Tobit, 

a censored or truncated regression model, calculates the coefficient between variables when the 

dependent variable has both either left or right censoring limitations. The efficiency scores 

calculated by DEA or MPI are non-negative between zero and one in the DEA efficiency scores 

and continuous in the MPI, suggesting that scores theoretically begin above zero and above as 

they measure the efficiency change over two successive periods. 

This makes the Tobit model excellent since it creates a latent variable when data falls on either 

side of the filtering limits (Zhu et al., 2023). This allows the coefficient slope to produce a more 

accurate estimate of the variables and a better slope-fitting prediction than the standard ordinary 
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least square (OLS) regression slope. Scanning the DEA literature, we reveal that the Tobit 

regression analysis model is employed in most published studies (Emrouznejad & Yang, 2018). 

The Tobit model is used in the subsequent phase of our study to examine contextual variables 

that might influence the efficiency change scores. In particular, this two-stage approach has 

gained popularity, where DEA or MPI are used to determine the efficiency of DMUs in the first 

stage and the impact of factors on efficiency in the subsequent stage (Adam & Tsarsitalidou, 

2019; Wang et al., 2020). Moreover, the Tobit regression is often used in innovation research 

(Kafouros et al., 2015). For example, after examining the R&D efficiency of Chinese universities, 

Qin and Du (2018) used the Tobit model to show how environmental factors are connected with 

efficiency. Kekezi and Klaesson (2020) explored the elements that influence the creative 

performance of Sweden's knowledge-intensive business service organisations. Amara et al. 

(2020) utilised the Tobit model in panel data to demonstrate how seniority, public funding 

sources and the renown of a business school might improve the research efficiency of Canadian 

management professors. We used the Tobit regression model, which can handle skewed data 

and works with continuous or categorical variables (Dutta et al., 2020; Singh & Thake, 2020; 

Tandon et al., 2014). The widespread use of Tobit regression in various publications has 

confirmed the reliability of using this specific type of regression. 

4.15 Assumptions on Regression Analyses 

Econometric techniques can be applied in almost any field of applied economics (Wooldridge, 

2015). Regression analysis is a statistical quantitative analytic approach for determining the 

connection between the response and explanatory variable(s). Building on the connection, 

regression analysis assists the researcher in understanding the role of various factors affecting 

the response variable (Sarstedt & Mooi, 2014). Multiple regression analysis lends itself to ceteris 

paribus analysis because it allows us to explicitly correct for many other factors that influence 

the dependent variable at the same time. This is critical when non-experimental data is employed 

to test economic theories and examine policy implications. Because multiple regression models 

may include different explanations that may be related, we can draw conclusions about cause 

and effect in situations where simple regression analysis may be misleading. As a result, we are 
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able to account for greater variance in the dependent variable (y) by adding more features to our 

model.  

Panel datasets are more complex to collect than pooled cross-section data since they need to be 

replicated over time. Observing the same units over time provides many advantages over cross-

sectional data, or even pooled cross-sectional data. The benefit of having several observations 

on the same unit throughout time is that we can account for unobserved characteristics of 

people, firms, etc. Wooldridge (2015) emphasises the importance of utilising several 

observations, as they aid in causal inference in cases where inferring causality would be complex 

if just a single cross-section was employed.  

The second advantage of panel data is that it often enables us to study the importance of 

behavioural or decision-making delays. This understanding is critical since many economic 

initiatives are expected to have an impact only after a certain amount of time has elapsed 

(Wooldridge, 2015). With the evaluation of efficiency using DEA results in the first part of this 

analysis, the variance in the contribution of technology and technological development has been 

identified; nevertheless, there are other factors, such as institutional, industry-level and 

resource-based variables that contribute to influencing efficiency.   

In the second part of the analysis, we apply regressions to estimate each slope and quantify the 

partial influence of the relevant independent variable on the dependent variable while 

controlling for all other independent variables. The regression measures the percentage of the 

sample variance in the dependent variable that the independent variables can explain. When 

assessing econometric models in OLS, it is critical not to emphasise the value of R2, as the 

estimators are unbiased under the first four Gauss–Markov assumptions (Wooldridge, 2015). 

This means that including an irrelevant variable in a model does not influence the unbiasedness 

of the intercept or other slope estimators. On the other hand, OLS becomes biased when a crucial 

variable is omitted. In many cases, the bias direction may be established. 

Normality in regression is one of the tests that is used to determine if the dataset is normally 

distributed and well-modelled or not. In multiple regression, the assumption of normal 
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distribution applies only to the disturbance term and not to the independent variables. In simpler 

words, the normality assumption considers that the sampling distribution of the mean is normal. 

The Wald Chi-Square test statistic is the squared ratio of the estimate to the standard error of 

the predictor. The Wald test is run to find out if the explanatory variables in the model are 

significant. The variables are internal and external; therefore, the Wald test is conducted to 

analyse the efficiency of outcomes, and RStudio is used to test the command.  

Heteroscedasticity in regression refers to a situation where the variance of the residual is unequal 

over a range of measured values. When running regression analysis, heteroscedasticity results in 

an erroneous and unequal scatter of the residuals. A Breusch–Pagan test is conducted to test the 

heteroscedasticity in regression. It tests whether the variance of error from regression is 

dependent on the values of independent variables. The Breusch–Pagan test is one of the most 

commonly used tools in econometrics for analysing the presence of heteroscedasticity. In our 

research, the Breusch–Pagan test is conducted to test the variance of error, as regressors are 

both external and internal.  

Multicollinearity is another overfitting problem that arises when independent variables in the 

regression model are highly correlated with each other. A variance inflation factor (VIF) is a test 

that measures the amount of multicollinearity in a dataset of multiple regression variables. It 

quantifies the extent of collinearity between two factors. VIF has been conducted in this research 

to test multicollinearity between variables and to achieve the outcome and extract better 

information on the productivity of airlines.  

Separability testing is an essential assumption that must be validated prior to analysing second-

stage external variables. Emrouznejad and Yang (2018) claim that two-stage DEA is the second 

most frequently used concept in the DEA literature. McDonald (2009) emphasises that the 

simplest and most popular ways of analysing the linear relationship between DEA efficiency 

scores and contextual variables are Tobit and OLS regressions. However, one has to be cautious 

while performing the second stage, as there is no clear agreement among scholars regarding the 

separability issue (Daraio et al., 2018).  



96 

 

The problem is that second-stage analysis introduces bias into efficiency evaluations (Simar & 

Wilson, 2007) since environmental or contextual factors may be directly related to first-stage 

variables. Nevertheless, the second-stage analysis is very intuitive for policymakers and 

regulators. Complex error model estimations for the DEA’s second stage were proposed by 

Banker and Natarajan (2008) and Simar and Wilson (2007). They use a data-generating process 

model, which resembles the OLS and Tobit regression models in several ways (Da Silva et al., 

2019). As a consequence, the regression residuals are handled differently in each process. 

Additionally, compound errors call for the separation of the model’s residuals into two 

unidentified elements: noise and technical inefficiency.  

There are a number of statistical presumptions made about the probability distribution of these 

components. One of the conditions of the argument is that these contextual variables have no 

direct effect on the production possibilities in DEA, but they have an impact on the disruption of 

efficiency, which is captured in the second-stage regression. To a large extent, our analysis’ 

contextual variables have no direct impact on the DEA input and output variables used in the 

first-stage DEA. Using non-parametric spearmen rank correlation tests (refer to Appendix 15), 

we assume that the separability assumptions hold true for the second-stage analysis. 

A combination of various types of regressions are applied, including ordinary least square (OLS), 

generalised least square (GLS) and Tobit regression (truncated); the latter was recommended by 

Simar and Wilson (1998). GLS is a technique for estimating the unknown parameters in a linear 

regression model when there is a certain degree of correlation between the residuals. With the 

help of RStudio, several OLS, GLS, FGLS, Newey West SE, and Tobit are conducted to evaluate the 

model’s reaction to the different assumptions (Fox & Weisberg, 2018; Griffis & Stedinger, 2007). 

The general regression model is expressed as follows: 

𝑬𝑪𝒊𝒕 = 
𝜷𝟎+𝜷𝟏𝑻𝑻𝑪𝑰𝒊𝒕+𝜷𝟐𝑻𝒓𝒂𝒅𝒆𝒊𝒕+𝜷𝟑 𝑽𝒊𝒔𝒂𝒕+ 𝜷𝟒𝑬𝒄𝒐𝒏𝒐𝒎𝒊𝒄𝒊𝒕+𝜷𝟓 𝑭𝒖𝒆𝒍 𝑪𝒐𝒔𝒕𝒊𝒕+𝜷𝟔𝑪𝒐𝒎𝒑𝒆𝒕𝒊𝒕𝒊𝒐𝒏𝒊𝒕+ 
𝜷𝟕𝑩𝑴𝒊𝒕+𝜷𝟖𝑨𝒍𝒍𝒊𝒂𝒏𝒄𝒆𝒊𝒕+𝜷𝟗𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑬𝒎𝒑𝒍𝒐𝒚𝒆𝒆𝒊𝒕+𝜷𝟏𝟎𝑶𝒘𝒏𝒆𝒓𝒊𝒕+
𝜷𝟏𝟏𝑨𝒊𝒓 𝑪𝒐𝒏𝒏𝒆𝒄𝒕𝒊𝒗𝒊𝒕𝒚𝒊𝒕+𝜺𝒊𝒕 
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Where the dependent variable is Efficiency Change scores. TTCI, Trade, Visa, Economic, Fuel Cost, 

Competition, BM, Alliance, Number of Employee, Owner and Air Connectivity are explanatory 

variables representing the variables explained earlier. The bootstrapped results for the 

dependent variables will be used in the study, thus avoiding any bias or error that might occur as 

a result of using the original DEA scores.  

4.16 Endogeneity and Separability 

Endogeneity occurs when a variable, observable or unobservable, that is not included in the 

model is linked to variables that are included in the model (Wang & Gao, 2021). The error term 

is endogenous if associated with one or more explanatory factors. Unreliable and biased 

estimations might be the outcome of endogeneity. The problem is that endogeneity has a broad 

paradigm, and the difficulty lies in the fact that unobservable variables are linked to other 

variables in very complex ways, whether or not they are apparent (see the paper by Simar et al. 

(2016) for more details). Many econometricians have attempted to solve the problem of 

endogeneity, which is common in studies that use time series or panel data methods. 

When endogeneity exists, one of the most prevalent approaches is to use instrumental variables 

(IVs) or simulate the association between unobserved variables (Cheng & Choi, 2022; Lu et al., 

2018). For example, Koo et al. (2017) used the air liberalisation index as the IVs to analyse the 

relationship between direct air service and tourist demand. Hsiao and Hansen (2011) used the 

unit jet fuel cost as the IVs for average pricing in their analysis to forecast air travel demand. 

Wang et al. (2018) employed the Herfindahl-Hirschman Index at the route and airport levels, as 

well as the proportion of LCCs, to develop a regression equation for airline yield. 

Another set of studies tackles the endogeneity problem using Two-Stage Least Squares 

regression (Boonekamp et al., 2018) and Three-Stage Least Squares regression (Elwakil et al., 

2013; Hofer et al., 2018; Scotti & Dresner, 2015). In time-series research, lagged explanatory 

variables may be used as IVs to address endogeneity issues. Examples include Akinyemi (2018), 

Albayrak et al. (2020), Boonekamp et al. (2018), Chi et al. (2010), Fildes et al. (2011), Hakim and 

Merkert (2019), Koo et al. (2017), Mueller (2015), Sun et al. (2019) and Zhang (2015). 
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The separability issue is also a concern in DEA's second-stage analysis. It should be noted that all 

of these two-stage techniques have one additional disadvantage: they are based on a separability 

constraint between the input-output space and the space of environmental variables. Daraio and 

Simar (2005) created a revolutionary non-parametric approach that solves the abovementioned 

concerns. They discussed conditional boundaries based on external environmental components 

and conditional order-m frontiers, as well as the efficiency scores and non-parametric estimators 

that go with them. See also critical studies that address the topic in further detail (Badin et al., 

2012, 2014; Dario et al., 2010; Taleb et al., 2023). 

The employee variable in our study is one of the inputs used in the first stage of DEA analysis. 

DEA analysis may defy serial correlation assumptions in this scenario by claiming a two-way 

causation effect and a strong separability assumption. Wilson (2000) developed two separate 

routines in the R package FEAR 3.1: one for the continuous case (test.sep.cont) and one for the 

discrete case. However, unfortunately, the procedure (test.sep.disc) was recently published and 

has a few problems that prevented from obtaining reliable confirmation of separability for 

discrete variables (this was reported in Lisciandra et al., 2022). Other strategies for reducing the 

impact of the separability assumption included multivariate statistical methodology, Monte Carlo 

simulation and data generation process (bootstrap). 

Furthermore, to guarantee our models' reliability, the employee variable was subjected to 

further analysis. We emphasise that: 

- Our empirical analysis focused on efficiency change rather than DEA efficiency score. Therefore, 

the strong assumption of separability does not apply to our model. Exogeneity refers to the 

situation in linear regression when the independent variables are not correlated with the error 

term. The Wu-Hausman test may be used to verify if the independent variables in a linear 

regression are uncorrelated with the error terms (exogenous).  

The endogeneity tests, conducted using the Wu-Hausman and Sargan tests (Janot et al., 2016), 

yielded a p-value that indicates strong evidence to support the accuracy of the model. 

Furthermore, the findings of the corelations tests are very consistent. (See combined Table-17). 
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-The causality impact is being evaluated, the variable employee was eliminated and a regression 

analysis was performed to check whether the coefficients were affected; we found no change in 

the coefficient direction, although a minor change in their values was observed. This robustness 

check (refer to the Table-16), which is a standard procedure in modern empirical investigations 

in which the researcher checks the stability of some core regression coefficient estimates after 

making changes to the regression specification, most commonly by adding or eliminating 

regressors (Lu & White, 2014).  

- The Spearman correlation coefficient evaluates the monotonic relationship between variables 

based on ranked values rather than the raw database. The Spearman correlation test assessed 

the relationship between efficiency change results and the external variables (Sordero et al., 

2017; De Silva et al., 2019). The results showed no correlation (refer to the combined Table-6). 

Table 6 Combined table part-1 correlation tests part-2 Wu-Husman &Sargan tests 
 

Part-1 

Correlation 

Tests 

           

 ε,𝑧1 ε,𝑧2 ε,𝑧3 ε,𝑧4 ε,𝑧5 ε,𝑧6 ε,𝑧7 ε,𝑧8 ε,𝑧9 ε,𝑧10 ε,𝑧11 

Pearson 1.381e-19 -2.350e-16 -2.932e-17 1.788e-16 2.004e-16 1.448e-17 -8.258e-17 -7.168e-17 1.293e-16 -6.765e-18 7.999e-17 

Kendall 0.0178716 -0.0315747 0.0078656 -0.041580 0.0827363 0.0014722 -0.0580143 0.01338102 0.0028710 0.0349878 0.0059669 

Spearman 0.0269082 -0.0385922 0.00974734 -0.053325 0.1215086 -0.003066 -0.0709082 0.01635499 0.0127669 0.05776407 0.0149647 

Correlation between the residuals ε and the exogenous variables (z), names as they appear in the final regression models.  

 

Part- 2 Wu-Hausman and Sargan tests (employee variables)    

The Wu-Hausman and Sargan tests below utilises the employee variable as an IV in order to identify any potential 

correlations with the error term. 

The null hypothesis is that there is no correlation between the errors and the regressors in the model. P-value >0.05 

𝐻0 𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑  

Wu-Hausman df1 df2 statistic p-value 

5   233 1.060 0.383 

Sargan 0   NA NA NA 

 

4.17 Research Ethics  

Knowing what constitutes ethical research is important for all people who conduct research 

projects or use and apply the results of research findings. All researchers should be familiar with 

the basic ethical principles and have up-to-date knowledge of policies and procedures designed 

to ensure the safety of research subjects. They are also meant to prevent sloppy or irresponsible 
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research because ignorance of policies designed to protect research subjects is not considered a 

viable excuse for ethically questionable projects. Therefore, it lies with the researcher to seek out 

and fully understand the policies and theories designed to guarantee upstanding research 

practices.  

Research is a public trust that must be ethically conducted, trustworthy and socially responsible 

if the results are to be valuable. To be deemed ethical, all aspects of a research endeavour must 

be upstanding, from project conception to the submission of results for peer review. When even 

one aspect of a research endeavour is questioned or executed unethically, the integrity of the 

entire project is cast into doubt. Attempts to resolve ethical quandaries caused by differing 

societal standards and opposing philosophical perspectives have led to the widespread creation 

of codes of ethics (Saunders et al., 2015). In part one of the research, we used data that is publicly 

available and regularly used by researchers undertaking various investigations. Therefore, there 

is no ethical risk in utilising this sort of data in this part of the research. 

4.18 Chapter Conclusion  

The study is based on an analysis of factors contributing to airline efficiency, and the research 

was based on econometric measures of secondary data. The proposed research approach can 

adequately measure the efficiency of airlines using the planned model. DEA was applied to test 

the efficiency of airlines by considering external and internal variables. Several software packages 

DEA-Solver, DEAP, (rDEA, FEAR, Benchmarking) packages for R were utilised and compared to 

assess the efficiency and productivity of our airline samples. To ensure the reliability of our data, 

we applied bootstrapping techniques to our efficiency results. Prior to conducting the regression 

analysis, various tests were carried out, such as multicollinearity, heteroscedasticity and VIF, to 

ensure our data was free from any assumptions that might affect the reliability of our regression 

model. A returns-to-scale test was carried out to ensure the nature of the scale assumption was 

correct. Finally, several regressions tests were carried out to evaluate the variables using 

different types of regression models to determine the best possible outcomes and reach a 

comprehensive result, some of the models tested in Table-7.  
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Table 7 Various regression model testing 
 

 
Model-1-T 

Tobit with log DV 

Model-2-T 

Tobit with sq DV 

Model-3-T 

Robust Newey West 

SE 

Model-4-T 

GLS with Sq all 

Model-5-T 

FGLS with log all 

(Intercept):1 -7.98E-02 1.70E-01***    

(Intercept):2 -2.69E+00*** -5.00E+00*** 1.04E+00*** 1.24E-01***  

log(ACI) -5.13E-04 5.73E-05 -2.75E-04 1.80E-03*** -0.07002. 

BM -7.84E-02* -6.00E-04 2.88E-03 1.12E-02  

Competition 1.48E-04 5.52E-05 3.07E-04 2.19E-03  

log(Cost) 4.17E-02*** 2.24E-03** 2.52E-02*** 1.68E-02* 0.036986* 

log(ECI) 8.04E-04 -2.49E-04** -7.96E-04. -2.44E-04 -0.10621 

log(Employee) 1.47E-07 3.07E-08. 1.95E-08 1.75E-07 -0.10423*** 

Member 9.77E-02** -4.08E-04 6.35E-03 6.80E-03  

OP -1.25E-02 4.98E-03*** 1.66E-02* -2.31E-04  

log(TCI) -2.67E-02 -2.39E-03 -1.74E-02 8.29E-02*** -0.03442 

log(TO) -2.87E-04* -1.72E-06 3.38E-06 -6.68E-05 0.046658 

log(VO) 1.71E-04 -4.49E-04*** 2.39E-04 -6.56E-03*** 0.07226. 

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively. 

More  details on each model are available upon request  
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Chapter 5  Data Analyses 

This chapter focuses on the empirical examination of the dataset for the global airline industry 

by conducting DEA and regression analysis. In the first stage, the global airline industry will be 

examined using the DEA-Solver software (Cooper et al., 2007) to formulate an initial view by 

presenting a comprehensive DEA, wherein returns to scale, efficiency and slack analysis will be 

examined.  

Further, the DEAP software (Coelli, 1996) will be used to generate the Malmquist index results 

that will expand our examination, deriving information about the level of productivity change of 

each global airline. Utilising pure scale efficiency and technological change, the contribution of 

technical aspects and innovation will be determined. With this, the existing efficiency and 

productivity will be determined. To increase the credibility of the results and provide a more 

accurate assessment of our global airline sample, bootstrapping (Simar & Wilson, 1998; Simar & 

Wilson, 1999a; Simar & Wilson, 2000; Simar & Wilson, 2011c) with 2,000 replications for the two 

year ends of 2011 and 2018 will be performed using FEAR software with RStudio.  

5.1 Descriptive Analysis 

Descriptive analysis reviews a full sample dataset in order to summarise the relevant facts and 

metrics. According to Sharma (2020), a descriptive review is necessary in order to form a broad 

idea of the available data. This evaluation is not primarily concerned with making technical or 

statistical inferences but rather with providing a broad description and breaking down a large 

volume of data in the simplest way possible. Herein, the dataset consists of the details of 35 

airlines between FY2011 and FY2018 for the input and output variables used for the DEA. A 

summary of the descriptive statistics can be found in Table 8 for our global airline sample, split 

into six of the variables used in our DEA for the regions of Europe, North America, Asia-Pacific, 

the Middle East, Africa and South America. 
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Table 8 Input-Output Descriptive Summary 
 

Variables Year Mean SD Minimum Maximum Skewness Kurtosis SE 

No of 
Employee  

2011 28072.71 25659.03 3491.00 116400.00 1.69 2.61 4337.17 

2012 28655.40 25195.38 3566.00 117000.00 1.65 2.66 4258.80 

2013 29241.06 25732.00 3615.00 118300.00 1.60 2.45 4349.50 

2014 29731.54 25968.43 3766.00 118800.00 1.55 2.23 4389.47 

2015 30319.23 26403.84 4002.00 120700.00 1.56 2.21 4463.06 

2016 30519.40 27372.33 3870.00 124300.00 1.58 2.23 4626.77 

2017 31696.20 27789.19 3582.00 129400.00 1.66 2.63 4697.23 

2018 32524.20 28487.79 3905.00 135500.00 1.74 3.07 4815.31 

Load Factor 

2011 0.78 0.05 0.69 0.87 -0.30 -0.92 0.01 

2012 0.79 0.05 0.67 0.89 -0.32 0.10 0.01 

2013 0.79 0.05 0.69 0.89 -0.21 -0.59 0.01 

2014 0.79 0.05 0.66 0.91 -0.38 0.18 0.01 

2015 0.80 0.06 0.63 0.91 -0.70 0.29 0.01 

2016 0.80 0.06 0.68 0.93 -0.10 -0.11 0.01 

2017 0.81 0.06 0.68 0.94 -0.28 0.53 0.01 

2018 0.82 0.06 0.67 0.95 -0.42 1.02 0.01 

No of 
Aircraft 

2011 235.60 240.70 31.00 1253.00 2.45 6.92 40.69 

2012 247.74 242.15 34.00 1253.00 2.28 6.21 40.93 

2013 255.14 241.53 43.00 1265.00 2.29 6.37 40.83 

2014 260.00 239.41 45.00 1257.00 2.24 6.21 40.47 

2015 269.94 240.57 46.00 1239.00 2.10 5.27 40.66 

2016 275.69 245.36 47.00 1231.00 1.94 4.40 41.47 

2017 294.37 250.99 46.00 1263.00 1.90 4.21 42.42 

2018 308.23 264.94 45.00 1329.00 1.91 4.19 44.78 

Operating 
Expense 
(Million 
USD) 

2011 9366.39 9205.73 1004.00 38030.00 1.87 2.89 1556.05 

2012 10346.98 9545.15 1203.00 39652.00 1.78 2.65 1613.43 

2013 10650.86 9466.54 1268.00 39221.00 1.71 2.43 1600.14 

2014 10992.45 9721.74 1265.00 39261.00 1.71 2.37 1643.27 

2015 10505.49 9197.38 1420.00 41920.00 1.81 3.07 1554.64 

2016 10468.48 9099.23 1196.00 39686.00 1.61 2.22 1538.05 

2017 11388.32 9779.50 1044.00 43510.00 1.67 2.43 1653.04 

2018 12367.54 10538.08 1133.00 44241.00 1.56 1.87 1781.26 

Revenue 
(Million 
USD) 

2011 9943.30 9589.80 1077.00 38996.00 1.82 2.75 1620.97 

2012 10807.19 9877.10 1218.00 41291.00 1.75 2.56 1669.53 

2013 11185.57 9961.60 1160.00 40285.00 1.69 2.31 1683.82 

2014 11592.26 10237.11 1049.00 40362.00 1.67 2.22 1730.39 

2015 11729.59 10485.84 1015.00 43863.00 1.74 2.50 1772.43 

2016 11654.37 10303.15 1155.00 42423.00 1.59 2.00 1741.55 

2017 12458.55 10954.84 1053.00 47451.00 1.67 2.37 1851.71 

2018 13450.25 11524.86 1126.00 47741.00 1.57 1.96 1948.06 

RPK (Million 
USD) 

2011 71533.71 53973.29 4870.00 207531.00 0.95 0.31 9123.15 

2012 77599.71 53277.65 9943.00 205485.00 0.82 0.05 9005.57 

2013 80946.46 54831.65 9579.00 209652.00 0.74 -0.22 9268.24 

2014 84952.49 59223.97 9308.00 215353.00 0.79 -0.27 10010.68 

2015 90438.51 64089.24 9793.00 257000.00 0.85 -0.07 10833.06 

2016 95526.03 67483.70 10066.00 276608.00 0.82 -0.08 11406.83 

2017 101585.97 72156.12 9079.00 292221.00 0.84 -0.01 12196.61 

2018 107467.20 77120.73 11287.00 304700.00 0.84 -0.07 13035.78 
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Overall, the descriptive statistics show that the employee number, load factor, number of 

aircraft, operating expense, revenue and RPK values all increased over time due to technological 

development and efficiency-based improvements. However, the difference in the size and 

capability of the individual airlines resulted in more variability in all the datasets across the 

selected global airlines. 

5.2 Correlation Analysis 

Correlation is the process of examining the linkage between different variables to understand 

whether any relationship exists. The correlation analysis will determine the degree and strength 

of the relationship between variables (Kumar & Chong, 2018). Correlation analysis is a statistical 

measure that studies use to identify the presence of essential and relevant collinear relationships 

among different dataset characteristics (Senthilnathan, 2019), as it helps in identifying strength 

based on form, dispersion and direction. Before having any determination about the efficiency 

and productivity of any selected global airline, it is important to have more knowledge about the 

linkages between the selected inputs and outputs. The results of the correlation analysis are 

shown in Table 9.  

Table 9 Input-Output correlation Matrix 
 

Year Variables 
No. 
Aircraft 

Operating 
Exp. 

Employee 
No. 

Load 
Factor 

Total 
Revenue RPK  

2011 

No. Aircraft 1.00      

Operating Exp. 0.83 1.00     

Employee No. 0.76 0.90 1.00    

Load Factor 0.33 0.24 0.17 1.00   

Total Revenue 0.83 1.00 0.90 0.25 1.00  
RPK  0.77 0.92 0.87 0.27 0.92 1.00 

2012 

No. Aircraft 1.00      

Operating Exp. 0.83 1.00     

Employee No. 0.77 0.93 1.00    

Load Factor 0.31 0.22 0.14 1.00   

Total Revenue 0.82 1.00 0.93 0.22 1.00  

RPK  0.78 0.94 0.89 0.24 0.94 1.00 

2013 

No. Aircraft 1.00      

Operating Exp. 0.82 1.00     

Employee No. 0.75 0.93 1.00    

Load Factor 0.40 0.28 0.21 1.00   

Total Revenue 0.81 1.00 0.93 0.29 1.00  
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RPK  0.76 0.94 0.89 0.29 0.94 1.00 

2014 

No. Aircraft 1.00      

Operating Exp. 0.79 1.00     

Employee No. 0.73 0.92 1.00    

Load Factor 0.37 0.29 0.21 1.00   

Total Revenue 0.80 1.00 0.91 0.31 1.00  
RPK  0.73 0.92 0.87 0.32 0.92 1.00 

2015 

No. Aircraft 1.00      

Operating Exp. 0.75 1.00     

Employee No. 0.72 0.94 1.00    

Load Factor 0.32 0.27 0.22 1.00   

Total Revenue 0.78 0.99 0.92 0.29 1.00  

RPK  0.70 0.89 0.85 0.26 0.89 1.00 

2016 

No. Aircraft 1.00      

Operating Exp. 0.77 1.00     

Employee No. 0.72 0.94 1.00    

Load Factor 0.28 0.13 0.07 1.00   

Total Revenue 0.78 0.99 0.92 0.16 1.00  
RPK  0.72 0.89 0.84 0.16 0.88 1.00 

2017 

No. Aircraft 1.00      

Operating Exp. 0.78 1.00     

Employee No. 0.74 0.94 1.00    

Load Factor 0.22 0.10 0.02 1.00   

Total Revenue 0.78 1.00 0.94 0.13 1.00  

RPK  0.70 0.89 0.84 0.14 0.87 1.00 

2018 

No. Aircraft 1.00      

Operating Exp. 0.77 1.00     

Employee No. 0.74 0.93 1.00    

Load Factor 0.25 0.08 0.04 1.00   

Total Revenue 0.77 1.00 0.93 0.12 1.00  
RPK  0.71 0.89 0.84 0.14 0.88 1.00 

 
 
In general, there is a significant and strong correlation between the input and output variables 

with the exception of the load factor, which has lower values but still has substantial positive 

correlations with all of the other variables. Figure 3 represents a visual summary of all the data 

correlations.  

  

 
 
 
 
 
 
 

Figure 3 Input-Output Correlation Matrix 
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To summaries, there exist a very strong relationship between all the variables, reflects the 

competitive nature and the very difficult environment the airline industry operates in.  

5.3 Isotonicity Test  

The isotonsity test was performed to ensure that the properties of the variables used in the DEA 

were not violated. It requires that the relationship between inputs and outputs should not be 

erratic. Increasing the value of any input while keeping other factors constant should not 

decrease any output, but instead should lead to an increase in the value of at least one output 

(Emrouznejad & Podinovski, 2004). 

Table 10 Input-Output Isotonicity Test 
 

  Load Factor  Total Revenue RPK  No. Aircraft Operating Exp. Employee No. 

Load Factor  1           

Total Revenue 0.23** 1         

RPK  0.25** 0.89** 1       

No. Aircraft 0.32** 0.80** 0.73** 1     

Operating Exp. 0.20** 1** 0.90** 0.79** 1   

Employee No. 0.14 0.92** 0.85** 0.74** 0.93** 1 

** p < 0.01             

 
Table 10 shows that, since all inputs show a significantly positive association with all outputs, the 

isotonsity property of DEA, which requires that an output should not decrease with an increase 

in an input (Dyson et al., 2001; Honma & Hu, 2008; Wanke et al., 2015), is not violated. 

5.4 Stage-1 DEA Using DEA-Solver 

DEA refers to examining the inputs and outputs of the selected DMUs to measure efficiency. 

Herein, focusing on understanding the selected global airlines’ efficiency, the examination of DEA 

using DEA-Solver for FY2011 to FY2018 has been shown in Appendices 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

More detailed individual analysis of each year is available from the author. Here, we summarise 

the main findings of the DEA-Solver results:  
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In the African region, the efficiency score value for Kenya Airways was 1, meaning the airline is 

efficient; there is no requirement for changes, and constant returns to scale exist. South African 

Airways’ only efficient performances were in FY2013 and FY2014. For other periods with low-

efficiency value, there is a requirement to change how companies conduct their business; there 

is a need to increase or decrease operating expense, employee number, load factor, total 

revenue or RPK to derive efficiency. Further, Ethiopian Airlines’ efficiency score was 1, depicting 

no change requirement for FY2011 to FY2015 and constant returns to scale. However, from 

FY2016, the value decreased, i.e., 0.95 in FY2016, 0.96 in FY2017 and 0.88 in FY2018, possibly 

because of the airline expanding with a substantial increase in fleet size. The tendency to expand 

has created a deficiency in performance, necessitating a change in the inputs or outputs to regain 

efficiency. 

The efficiency examination of the Asia-Pacific region showed that Air China, Cathay Pacific and 

Korean Air operate at an efficiency score value of 1 with constant returns to scale, indicating that 

they perform efficiently with no requirements to change inputs or outputs. China Eastern Airlines 

had an efficiency score of less than 1 for FY2011 to FY2012, showing decreasing returns-to-scale 

presence for the airline. To improve efficiency, the number of aircraft, employee number and 

load factors must be increased or decreased. Japan Airlines initially had an efficiency score value 

of 1, but by FY2015, the score had reduced to below 1, representing a requirement to adjust how 

the airline operates to derive efficient performance. Qantas and Thai Airways, with efficiency 

scores of less than 1 and decreasing returns to scale, defined those changes in the number of 

aircraft and load factor for Qantas. For Thai Airways, employee numbers and load factor need to 

be changed to derive efficient performance. Singapore Airlines initially had a value of 1, but by 

FY2016, their value decreased to below 1 due to intense competition. The airline needs to look 

at changing its operating performance, decreasing its operating expenses by 7% and the number 

of employees by approximately 8% to regain its efficiency. 

In the European region, Aer Lingus had an efficiency score of 1, representing no change in input 

or output is required. Furthermore, Aeroflot and Alitalia had efficiency values less than one, 

indicating that as returns to scale vary, there is a need to increase or decrease employee number, 

load factor and RPK significantly in order to achieve efficient performance. Alitalia indicated a 



108 

 

solid need to change its operations; the airline needs to review its operating expenses, its number 

of employees and reduce the unutilised number of aircraft. British Airways initially had 

fluctuations in their efficiency score value, depicting a requirement for change in employee 

number and load factor to improve efficiency. In later years, the airline witnessed a remarkable 

adjustment and return to efficiency. EasyJet and Finnair also witnessed lower efficiency score 

values, showing the need for a slight increase or decrease in operating expense, load factor, total 

revenue or RPK to derive effective performance. Iberia initially had a very low efficiency score, 

wherein a change in employee number, operating expense, load factor and RPK was required to 

derive efficiency. However, as the airline restructured and joined British Airways, and later the 

International Airline Group (IAG), we see a better performance; by FY2016, the value derived was 

1, showing no further change is required. 

Furthermore, KLM, Lufthansa and Ryanair all had efficiency scores of 1, indicating effective 

operation; however, minor changes in the number of aircraft, employee numbers and RPK are 

required for completely effective performance. Indeed, Ryanair has proven to be one of Europe’s 

most competitive and efficient airlines. SAS and Turkish Airlines had low efficiency score values, 

i.e. less than 1, depicting the need for change in operating expense, load factor and RPK to attain 

complete efficiency. 

In the Middle Eastern region, Etihad Airways, with an efficiency score of 1 and constant returns 

to scale, required no change in input or output to improve performance in the early years. 

Nevertheless, for FY2014, Etihad Airways, with decreasing returns to scale and an efficiency score 

of 0.95, needed either the employee number or total revenue to increase or decrease to derive 

efficiency. Similarly, for FY2015 to FY2016, though constant returns to scale existed, as efficiency 

scores were 0.86 and 0.85, respectively, a significant change in employee number or total 

revenue is required to attain efficient performance. Emirates’ efficiency score was 1 for FY2011 

to FY2018, representing no change required in the input or output for better performance. Qatar 

Airways, though initially having a value of 1 and showing the presence of efficiency, over time 

there was a reduction in value to a level below 1, showing the need for an increase or decrease 

in employee number, load factor and RPK to derive effective performance. 
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In the North American region, Air Canada had an efficiency score of less than 1, showing the need 

for an increase or decrease in the number of aircraft, employee number, load factor and RPK to 

derive effective performance. Alaska Airlines, on average, had an efficient performance with a 

score of 1. However, their fluctuations represented that to maintain efficiency, a change in 

employee number, aircraft, load factor and RPK was required. Delta Air Lines and Hawaiian 

Airlines were efficient, with score values of 1, and no change in input or output was required to 

influence the existing efficiency. Furthermore, JetBlue, Southwest, United Airways and WestJet 

Airlines had efficiency scores less than 1; as a result, there is a need to increase or decrease the 

number of aircraft, employee number, load factor and RPK in order to achieve more efficient 

performance. 

Lastly, in the South American region, LATAM Airlines Group had an efficiency score of less than 

1, which means an increase or decrease in the number of aircraft, employee number and load 

factor is required to improve the efficiency of the airline. 

In summary, our results confirm previous research on airline efficiency by reflecting the nature 

and competitive environment this industry operates in. Our small African sample indicates that 

African airlines are relatively small in size and operate with a limited network. On the other hand, 

Asia has a large variety of samples; most of the airlines in this region operate at an outstanding 

level of efficiency, owing to the large domestic markets in China and Japan and the high brand 

quality of Singapore and Cathay. Europe is very competitive, and due to this extreme 

competition, airlines tend to operate at an optimal scale and efficiency level. In the Middle East, 

Emirates has indeed proven to be the dark horse, operating at a constant and efficient level. 

Qatar and Etihad, although initially efficient due to limited size and network, show a lag in their 

performance and issues with scale deficiency. Due to the enormous domestic market, North 

America has also shown a very high level of efficiency, but the overall noticeable element in this 

region is the high number of aircraft owned by the airlines, especially Southwest. LATAM is the 

only airline in our sample, operating in South America, that needs to reduce operational 

expenses, especially the number of employees (see the summary in Appendix 9).  
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5.5 Malmquist Index Analyses 

The Malmquist index compares firms’ efficiency and total productivity between two periods of 

time. Two products, the catch-up and the shift in the frontier, must be defined. The first term 

relates to the DMUs’ efforts to improve efficiency, while the latter reflects the change in the 

efficient frontiers surrounding the DMUs between the two periods. The Malmquist index is 

among the most popular methods for measuring productivity change among different DMUs over 

time. Based on the DEA methodology, the Malmquist index measures productivity change by 

examining the role of technological and technical change over time. Even the term ‘technical 

change’ can be further decomposed into the scale, along with ‘pure technical EC’ (Bjurek, 1996; 

Worthington, 1999). The popularity of this index stems from its simplicity and the lack of any 

restriction on the number of inputs and outputs for examining productivity; thus, the Malmquist 

index is essential for analysing not only productivity but also productivity change over time (Tone, 

2004). Herein, the requirement is to differentiate between the most effective and least effective 

airlines and understand whether technical or technological change contributes more to 

influencing productivity. The DEAP software (Coelli, 1996) has been used in this part of the 

analysis to derive the Malmquist index for our selected global airlines’ dataset for FY2011–

FY2018. 

Distance summaries are the initial step in Malmquist index analysis. They focus on examining the 

efficiency scores that differ from the efficient production frontier. Herein, the value of 1 indicates 

that the company is operating at the production frontier and is efficient, but a value below 1 

represents the existence of a gap between the current efficiency level and the production 

frontier-required value; hence, a change in input or output is required to regain efficiency (Paço 

& Pérez, 2013; Şişman, 2017). For understanding the selected global airline’s productivity, the 

input- and output-orientated distance summaries for different regions have been summarised in 

Appendices 10 and 11. 
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5.6 The Overall Malmquist Index for Airlines’ Means 

The Malmquist index analyses for all the airlines in Table 11 provides information on the total 

efficiency and productivity of the selected 35 airlines from FY2011 to FY2018. 

 
Table 11 Overall Malmquist Productivity Index Input Oriented 
 

 
Region Firm effch techch pech sech 

 
tfpch 

Africa Ethiopian Airlines 0.98 0.98 0.98 1.00  0.96 

Africa Kenya Airways 1.00 1.00 1.00 1.00  1.00 

Africa South African Airways 0.99 0.98 1.00 1.00  0.97 

Asia-Pacific Air China  1.01 1.00 1.00 1.01  1.01 

Asia-Pacific Cathay Pacific  1.00 1.00 1.00 1.00  1.00 

Asia-Pacific China Eastern Airways 1.01 0.99 1.01 1.00  1.00 

Asia-Pacific Japan Airlines 1.00 0.99 1.00 1.00  1.00 

Asia-Pacific Korean Air 1.00 0.98 1.00 1.00  0.98 

Asia-Pacific Qantas Airways 1.01 1.00 1.00 1.01  1.01 

Asia-Pacific Singapore Airlines 0.99 0.98 0.99 1.00  0.97 

Asia-Pacific Thai Airways 1.00 0.99 1.00 1.00  1.00 

Europe Aer Lingus 1.00 0.99 1.00 1.00  0.99 

Europe Aeroflot  1.02 0.99 1.02 1.00  1.00 

Europe Alitalia  0.99 1.00 0.99 1.00  0.99 

Europe British Airways 1.02 1.00 1.01 1.01  1.02 

Europe EasyJet 0.99 1.00 1.00 0.99  1.00 

Europe Finnair 1.03 1.00 1.03 1.00  1.03 

Europe Iberia  1.02 1.01 1.02 1.00  1.03 

Europe KLM 1.00 0.99 1.00 1.00  0.99 

Europe Lufthansa  1.01 1.00 1.00 1.01  1.01 

Europe Ryanair 1.00 1.00 1.00 1.00  1.00 

Europe SAS  1.02 1.01 1.02 1.00  1.03 

Europe Turkish Airlines 1.01 1.01 1.01 1.00  1.02 

Middle East Emirates  1.00 1.03 1.00 1.00  1.03 

Middle East Etihad Airways 1.00 0.98 1.00 1.00  0.98 

Middle East Qatar Airways  0.97 0.99 0.97 1.00  0.96 

North America Air Canada 1.01 1.00 1.02 1.00  1.01 

North America Alaska Airlines 0.99 1.01 0.99 1.00  1.00 

North America Delta Air Lines 1.02 1.00 1.00 1.02  1.02 

North America Hawaiian Airlines 1.00 0.98 1.00 1.00  0.98 

North America JetBlue 0.99 1.00 0.99 1.00  1.00 

North America Southwest Airlines 1.02 1.00 1.02 1.00  1.02 

North America United Airlines 1.01 1.00 0.99 1.01  1.01 

North America WestJet 0.99 1.00 0.98 1.00  0.99 

South America LATAM Airlines Group 1.00 0.97 1.00 1.00  0.97 
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The Malmquist index summary of firms’ mean analysis depicts that, in the Africa region, only the 

TFP of Kenya Airways was 100%, with an equal contribution of technical efficiency and 

technological change, i.e. 100%. However, for Ethiopian Airlines and South African Airways, the 

TFP was lower than 100%, i.e. 96% and 97%, respectively. Both Ethiopian Airlines and South 

African Airways have low technical efficiency, i.e. 98% and 99%, due to a lack of innovation and 

technological change, i.e., 98% for both.  

For the Asia-Pacific region, among eight airlines, six have a TFP of 100% or more, i.e. Air China 

with 101%, Cathay Pacific with 100%, China Eastern Airlines with 100%, Japan Airlines with 100%, 

Qantas with 101% and Thai Airways with 100%. Herein, for all the airlines with TFP of 100%, 

technical EC was 100% or higher, i.e. Air China with 101%, Cathay Pacific with 100%, China Eastern 

Airlines with 101%, Japan Airlines with 100%, Qantas with 101% and Thai Airways with 100%, but 

technological change was 100% or more only for Air China, Cathay Pacific and Qantas. However, 

all other airlines, i.e. Korean Air and Singapore Airlines, had low productivity, with 98% and 97% 

TFP, respectively. For these airlines, technical EC was 99% or more, and the total technological 

change was lower than 100%, resulting in reduced TFP below 100%. 

In the European region, 12 airlines were considered, wherein most of them (nine) had a TFP of 

100% or higher. Herein, Aeroflot and British Airways had TFP of 100% and 102%, with a technical 

change of 102% but a technological change of 99% and 100%, respectively. EasyJet’s TFP was 

100% by having 100% technological change but technical efficiency of 99%. Finnair’s technical 

efficiency had a significant role (103%) in improving TFP, i.e. 103%, wherein technological change 

was 100%. Iberia had a technical efficiency score of 102% and a technological change score of 

101%, leading to higher TFP, i.e. 103%. Even for Ryanair, Lufthansa, SAS and Turkish Airlines, TFPs 

of 101%, 100%, 103% and 102% were derived from significant technical efficiency contributions, 

i.e. 101%, 100%, 102% and 101%, and technological changes of 100%, 100%, 101%, and 101%, 

respectively. The remaining airlines, Aer Lingus and KLM, had low TFPs because their 

technological change did not work well. Their TFPs were 99%, their technical efficiencies were 

100% and their technological changes were also 99%. Lastly, the change was 99% for Alitalia 

despite having 100% technological efficiency.  
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Also in the Middle Eastern region, Emirates had a technical EC of 100% and a technological 

change of 103%, contributing to a TFP of 103%. However, Etihad Airways, with a technical 

efficiency of 100% and a technological change of 98%, resulted in a TFP of only 98%. For Qatar 

Airways, too, technical EC was 97% and technological change was 98%, resulting in a lower TFP 

of 96%. Thus, with the exception of Emirates, Middle Eastern airlines were inefficient.  

The American region had six airlines with a TFP of 100% or more, i.e. Air Canada, Alaska Airlines, 

Delta Air Lines, JetBlue, Southwest and United Airlines. All these airlines, except Alaska (99%) and 

JetBlue (99%), had more than 100% technical efficiency, i.e. 101% for Air Canada, 102% for Delta 

Air Lines, 102% for Southwest Airlines and 101% for United Airlines. Technological change for all 

the airlines in this region was 100% or more, showing the contribution of technological 

innovation in improving productivity. For Hawaiian Airlines, technological change was low, i.e. 

98%, contributing to a low productivity of 98%, while for WestJet, a low technical efficiency level, 

i.e. 99%, resulted in a reduced productivity of 99%. Thus, most North American airlines, were 

efficient, with technological change being the main contributor. Finally, in the South American 

region, LATAM Airlines Group had a TFP of 97%, with a 100% contribution of technical efficiency 

but 97% of technological change, indicating that LATAM was not efficient.  

From analysing the above Malmquist mean scores, we can derive two important conclusions. The 

first is that, among the selected global airlines, European airlines are the most efficient, with 

technical efficiency (the industry) playing a significant role in improving productivity and 

performance. Second, our results show that the airline business is very competitive because the 

total productivity measure has not changed much over the years. 

5.7 The Bootstrapped Malmquist Index  

The Simar and Wilson (1999a) bootstrapping procedure was introduced to account for possible 

temporal correlations arising from the panel data characteristics. The purpose of the bootstrap 

technique is to obtain confidence intervals for Malmquist productivity changes, pure ECs, scale 

ECs and technology changes. Bootstrapping herein is carried out with the help of the FEAR 

package (Wilson, 2008) and incorporated with RStudio to compute the Malmquist index (Wilson, 
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2013). The Malmquist results and components for the FY2011 and FY2018 are shown in Table 12. 

Results for all years are available from the author.  

The examination of the bootstrapped results showed that, still, technical efficiency is a major 

component influencing the efficiency of different regions. The results show that, in the African 

region, the Malmquist index TFP was significantly below 1, indicating that this region has 

experienced lower productivity mainly due to technological change (innovation). The African 

region needs to adopt more innovative and better managerial practices to regain positive 

productivity.  

In the Asia-Pacific region, we witnessed a better productivity change from the year 2011 to the 

year 2018, mainly due to efficiency and not technological change. Korean Air and Singapore 

Airlines need to be aware of the drop in their productivity levels, mainly due to technological 

change and innovation. The contribution of technological change in influencing productivity is 

verified by the bootstrapping results, wherein the TFP value was less than 100% for five airlines 

out of eight; this was mainly because technological change was less than 100% in six airlines.  

For the European region, the Malmquist index identified 100% or more productivity for most 

airlines, with technical efficiency playing a significant role in influencing the productivity score. 

Alitalia was the worst airline in terms of a total productivity score of 0.925, mainly due to 

inefficiency. Due to the efficiency of their operations, Finnair scored a high productivity change 

of 1.20. Bootstrapping confirmed this by showing the majority of our European sample (7 out of 

12) having more than 100% productivity; this was due to the significant technical EC. 

Technological change, though, witnessed a significant reduction in most airlines, with only 

Turkish Airlines achieving a significant growth of 6.3%.  

The Middle East airline Malmquist index shows that only Emirates remained productive 

throughout the years, with a significant increase in the TFP of about 7.5%, mainly due to the 

innovative approach Emirates has adopted. Qatar and Etihad Airways seemed to have difficulties 

gaining positive productivity, as they both had a significant reduction in their efficiency, Qatar 

Airways especially, with a 20% reduction over the years, mainly stemming from low and pure 

efficiency. Bootstrapping verified the role of both technical and technological change by stating 
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that, as long as the role of technical and technological change is below 100%, the TFP for airlines 

will suffer.  

In the North American region, the Malmquist index analysis showed that TFP for the airlines has 

been dependent on technical efficiency, with a significant role in reducing TFP. Bootstrapped 

results supported these findings by stating that having technical change lower than 1 reduced 

TFP to below 1 in most airlines. Hence, technical change in the North American region had a 

significant role in influencing productivity. 

With a technological change of 0.81 and a technical efficiency of 100%, the LATAM Airlines Group 

was shown to be inefficient. In bootstrapped results, technological change lowered productivity 

to a significant level of 19% below unity, i.e. 0.813. 

Hence, the comparison of the Malmquist index results with the bootstrapped findings showed 

that technical efficiency has a major role in productivity in different global airlines. Despite the 

fact that technological change or innovation provides more opportunities to improve capacity 

with limited technical efficiency, effective productivity is not obtained. Airlines such as Air China, 

Qantas, British Airways, Lufthansa, Hawaiian Airlines, Emirates and United have significant scale 

efficiency, indicating that these airlines are taking advantage of operating at the optimal size. 

 
Table 12 Bootstrap Malmquist Productivity Index for year ends 2011-2018 FEAR results 
 

Region DMU Malm (tfp) - b effch - b techch - b pech - b sech - b 

Africa Kenya Airways 0.934579439** 1 0.934579439** 1 1 

Africa 
South African 
Airways 

0.892857143** 0.952380952 0.934579439** 0.980392157 0.970873786 

Africa Ethiopian Airlines 0.819672131** 0.869565217** 0.943396226** 0.877192982** 0.99009901 

Asia-Pacific Air China 1.136363636** 1.086956522** 1.041666667** 1 1.086956522** 

Asia-Pacific Cathay Pacific 0.99009901 1 0.99009901 1 1 

Asia-Pacific 
China Eastern 
Airways 

1.041666667 1.086956522** 0.952380952 1.098901099** 0.99009901 

Asia-Pacific Japan Airlines 0.980392157 1.030927835 0.952380952 1.030927835 1 

Asia-Pacific Korean Air 0.877192982** 1 0.877192982** 1 1 
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Asia-Pacific Qantas Airways 1.098901099** 1.052631579** 1.030927835 1.01010101 1.052631579** 

Asia-Pacific Singapore Airlines 0.833333333** 0.925925926** 0.892857143** 0.934579439** 0.99009901 

Asia-Pacific Thai Airways 0.970873786 1.020408163 0.952380952 1.020408163 1 

Europe Aer Lingus 0.952380952 1 0.952380952 1 1 

Europe Aeroflot  1.086956522** 1.111111111** 0.980392157 1.149425287** 0.970873786 

Europe Alitalia 0.925925926** 0.917431193** 1.01010101 0.917431193** 1 

Europe British Airways 1.162790698** 1.123595506** 1.030927835 1.041666667 1.075268817** 

Europe EasyJet 0.99009901 0.961538462 1.030927835 1 0.961538462 

Europe Finnair 1.204819277** 1.204819277** 1 1.204819277** 1 

Europe Iberia 1.030927835 1.123595506** 0.909090909** 1.123595506** 1 

Europe KLM 0.943396226** 1 0.943396226** 1 1 

Europe Lufthansa 1.041666667 1.063829787** 0.99009901 1 1.063829787** 

Europe Ryanair 0.943396226** 1 0.943396226** 1 1 

Europe SAS  1.136363636** 1.176470588** 0.970873786 1.176470588** 1 

Europe Turkish Airlines 1.136363636** 1.063829787** 1.063829787** 1.063829787** 1 

Middle East Etihad Airways 0.943396226** 1 0.943396226** 1 1 

Middle East Emirates 1.075268817** 1.020408163 1.052631579 1 1.020408163 

Middle East Qatar Airways 0.806451613** 0.819672131** 0.99009901 0.819672131** 1 

North 
America 

Air Canada 1.111111111** 1.098901099** 1.01010101 1.111111111** 0.99009901 

North 
America 

Alaska Airlines 0.943396226** 0.934579439** 1.01010101 0.925925926** 1.01010101 

North 
America 

Delta Air Lines 1.162790698** 1.149425287** 1.01010101 1 1.149425287** 

North 
America 

Hawaiian Airlines 0.819672131** 0.980392157 0.840336134** 1 0.980392157 

North 
America 

JetBlue 0.970873786 0.952380952 1.020408163 0.952380952 1 

North 
America 

Southwest Airlines 1.123595506** 1.123595506** 1 1.136363636** 0.99009901 

North 
America 

United Airlines 1.041666667 1.030927835 1.01010101 0.961538462 1.075268817** 

North 
America 

WestJet  0.892857143** 0.900900901** 0.99009901 0.884955752** 1.01010101 

South 
America 

LATAM Airlines 
Group 

0.81300813** 1 0.81300813** 1 1 

Notes: malm: Malmquist Productivity Index; effch: EC; techch: Technological change; pech: Pure 
EC; sech: Scale EC. 
** indicates that the index is significantly different from unity at the 5% level. 
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5.8 Stage-2 Regression Analysis Results  

The panel data analysis has been performed for FY2011 to FY2018, utilising bootstrapped 

technical EC (Eff). First, the OLS regression model is used to examine the connection, in which the 

distribution of data is assessed by simply fitting the best line. Though OLS allows for evaluation, 

it is necessary to have fundamental assumption testing, such as linearity, heteroscedasticity, 

multicollinearity or normality before constructing the model for effective result derivation 

(Burton, 2021). By testing the OLS results, we can develop more advanced and complicated 

regression models that can be used to more accurately estimate the results. 

5.9 Ordinary Least Square  

OLS is one of the most utilised estimators in research. When the OLS conditions are fulfilled, it is 

the best unbiased linear estimator of a variable of interest. Alternative strategies should be 

employed to resolve difficulties when one or more OLS assumptions are violated (Dismuke & 

Lindrooth, 2006).  

In Table 13, we show the OLS regression model for EC (Eff) with the inclusion of air connectivity 

index, BM, competition, fuel cost, EFW, employee number, member, ownership, TTCI, trade 

openness and visa openness as independent variables.  

5.9.1 Model-1 EC OLS (Eff) 

The OLS model is built to examine the aspects leading to change in technical efficiency. Technical 

efficiency represents the efficiency of producing the output with a given input. Consisting of two 

aspects, i.e. scale and pure efficiency, technical efficiency defines the success of any industry in 

converting input to output by selecting adequate returns to scale. Though airlines’ focus is mostly 

on minimal use of resources, this effectiveness is influenced by different factors. Thus, the OLS 

model is built considering industrial-, institutional- and resource-based factors, which are shown 

in Table 13.  
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Table 13 Model-1 Efficiency Change OLS(Eff) 
 

Eff Estimate 
Std. 
Error t value Pr(>|t|) VIF 

R-
squared 

Adjusted 
R square 

F-
value 

Breusch–
Pagan 
test P-
value 

Intercept 1.08 0.10 10.40 0.00***   0.12 0.06 1.90 0.04 

ACI 0.00 0.00 -1.30 0.20 8.81         

BM 0.00 0.02 0.10 0.92 2.44         

Competitio
n 0.00 0.00 0.18 0.86 2.04         

Cost 0.03 0.01 3.92 0.00*** 1.34         

EFW 0.00 0.00 0.01 0.99 10.58         

Employee 0.00 0.00 0.51 0.61 1.36         

Member 0.00 0.02 0.11 0.91 3.35         

Ownership 0.02 0.01 1.25 0.21 2.46         

TTCI -0.03 0.03 -1.20 0.23 18.52         

TO 0.00 0.00 -0.28 0.78 2.64         

VO 0.00 0.00 0.38 0.71 8.63         

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively.  

Table 13 shows that the value of the Breusch–Pagan test significance is 0.04, which is less than 

the required level of 0.05; thus, the null hypothesis of having constant variance is rejected. 

Hence, the assumption of having homoscedasticity for the built OLS model is not fulfilled (Cabo 

et al., 2019). The F-value for the model is 1.90 > 1; thus, precision is present in the model by 

having the institutional-, resource- and industrial-based factors as independent variables 

(Sureiman & Mangera, 2020). The adjusted R2 value for the model is 0.06, showing that only 6% 

of the variation in technical efficiency is represented by including independent variables. Lastly, 

for the examination of the multicollinearity assumption, the VIF value of the model is assessed. 

Herein, as all the VIF results except EFW (10.58) and TTCI (18.52) have values less than 10, for all 

variables except EFW and TTCI, multicollinearity is not present (Daoud, 2017; Kim, 2019).  

5.10 Tobit Regression Analysis 

Regression analysis with restricted dependent variables, such as the DEA efficiency index, often 

employs econometric models with censored errors or truncated terms. The Tobit model, 
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introduced by Tobin (1958), is often used when the dependent variable has a limiting value (see, 

for example, Fethi et al., 2000; Merkert & Hensher, 2011; Scheraga, 2004b). This model may 

examine how macroeconomic and socioeconomic issues affect airline efficiency. The Tobit 

regression model has been identified as the most effective and appropriate multivariate 

statistical method for understanding efficiency and productivity characteristics, allowing for the 

resolution of issues such as heteroscedasticity and multicollinearity, as well as overcoming the 

limitations of the basic OLS model (Fethi et al., 2000).  

5.10.1 Model-2 Logged Technical EC TOBIT (Log Eff) 

The Tobit model has been developed to determine the influence of many factors on technical 

efficiency by including a logged form of different factors, i.e. technical efficiency score, air 

connectivity index, cost, EFW, employee, TTCI, trade openness and visa openness. As dummy 

variables have less skewness in their data and are thus essential for understanding 

categorisation, a simple form of data, instead of logged form, is considered. The results are shown 

in Table 14. 

Table 14 Model-2 Logged Technical Efficiency Change TOBIT (LogEff) 
 

Log (Eff) Estimate Std. Error t value Pr(>|t|) 

(Intercept):1 −0.18 0.26 −0.70 0.48 

(Intercept):2 −2.68 0.07 −39.50 0.00*** 

log (ACI) 0.02 0.01 1.45 0.15 

BM −0.08 0.04 −2.01 0.04** 

Competition 0.00 0.00 0.53 0.60 

log (Cost) 0.07 0.02 3.27 0.00*** 

log (IEFW) −0.06 0.08 −0.75 0.45 

log (Employee) 0.02 0.01 1.74 0.08* 

Member 0.09 0.04 2.28 0.02** 

Ownership −0.01 0.02 −0.50 0.62 

log (TTCI) 0.16 0.14 1.12 0.26 

log (TO) −0.03 0.02 −2.15 0.03** 

log (VO) 0.01 0.04 0.22 0.83 

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively. 
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Table 14 shows that the standard error value for all the variables is low, i.e. either below 0.1 or 

close to 0.1; thus, there is less bias in the dataset, and even the model formulated for computing 

the impact is effective (Sileshi & Anglong, 2015). Further, the P-value shows that all the variables 

except BM, log (Cost), log (Employee), Member and Log (TO) have values higher than 0.05 and 

0.10, thus showing that the null hypothesis of having no significant impact on respective variables 

on the technical change is not rejected. However, the values of variables BM, log (Cost), Member 

and log (TO) are 0.04, 0.00, 0.02 and 0.03, respectively, which are less than 0.05; thus, the null 

hypothesis of having no impact on these variables of technical change is rejected.  

Even the variable log (Employee) has a P-value of 0.08, which is more than 0.05 but less than 0.1; 

thus, at a 10% level of significance, the null hypothesis of the employee having no impact on 

technical change is also rejected. Coefficient value helps in understanding the impact of each 

variable, i.e. with 1% rise in jet fuel cost and employee number, the technical change capacity of 

airlines improves by [(1.01) (0.07) – 1 ≈ 0.0007] 0.0007% and [(1.01) (0.02) – 1 ≈ 0.0002] 0.0002%. 

Further,  as the airline becomes a member, the technical efficiency rises by [exp (0.09) – 1 ≈ 0.094] 

0.09%. However, with the adaptation of FSC BM technical efficiency decreases by [1-exp (-0.08) 

≈ 0.077] 0.08% (in another words LLCs, are 8% more efficient than FSCs). Even rise in trade 

openness by 1% decreases technical efficiency by [1 -(1.01) (-0.03) ≈ 0.0003] 0.0003%. Thus, the 

technical efficiency of airlines is influenced by jet fuel cost, employee number, membership 

status, BM and trade openness . Benoit (2011) provides an excellent explanation of how to 

interoperate regressions with log transformation. 

5.11 Comparative Analysis of European Airlines with the Rest of the World 

Though China and the US hold dominance in military and economic aspects, for the aviation 

industry, the existence of regional alliances has strategic significance for economies. With the 

initiation of many diplomatic activities, Europe plays a stabilising role in the growth of the 

aviation industry with the usage of technologies. Creating an environment that promotes LCC 

BMs for airlines, European airlines significantly contribute to defining global aviation industry 

productivity and growth (IATA, 2018a). Herein, as the study mainly consists of European airlines, 
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i.e. 12 out of 35, a comparison of the industrial-, institutional- and resource-based factors on 

technical efficiency of European airlines, and those of the rest of the world, is carried out.  

5.11.1 Model-3 Logged EC Europe TOBIT (Log Eff) 

Table 15 shows that the standard error value for European airlines has been below 0.10 or close 

to 0.15, depicting that there is low bias in the model and that the Tobit model is effective in 

computing the impact of various institutional-, industrial- and resource-based factors (Sileshi & 

Anglong, 2015). 

Table 15 Model-3 Logged Efficiency Change Europe TOBIT (LogEff) 
 

Log (Eff) Estimate Std. Error t value Pr(>|t|) 

(Intercept):1 −0.27 0.28 −0.95 0.34 

(Intercept):2 −2.68 0.07 −39.57 0.00*** 

log (ACI) 0.02 0.01 1.54 0.12 

BM −0.07 0.04 −1.75 0.08* 

Competition 0.00 0.00 0.49 0.63 

log (Cost) 0.08 0.02 3.34 0.00*** 

log (EFW) −0.02 0.09 −0.22 0.82 

log (Employee) 0.02 0.01 1.87 0.06* 

Member 0.08 0.04 1.97 0.05** 

Ownership −0.01 0.02 −0.44 0.66 

log (TTCI) 0.12 0.15 0.79 0.43 

log (TO) −0.04 0.02 −2.29 0.02** 

log (VO) 0.00 0.04 0.02 0.99 

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively. 

The P-value examination represents that, for all variables except BM, log (Cost), log (Employee), 

member and log (TO), the value is more than 0.05 or 0.10; thus, the null hypothesis of having no 

impact on the variables influencing the technical efficiency of European airlines has not been 

rejected. However, for log (Cost), member and log (TO), the values are 0.00, 0.05 and 0.02, which 

are not more than 0.05; thus, the null hypothesis of having no impact on the variables of technical 

efficiency is rejected. Further, even for variables BM and log (Employee), the values are 0.08 and 

0.06, which are more than 0.05 but less than 0.10; thus, in some cases, the null hypothesis has 

no impact on the variables of technical efficiency and is rejected.  
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The coefficient value of the model determines the contribution of each factor, wherein with a 1% 

rise in jet fuel cost and employee number, the technical efficiency of European airlines rises by 

[(1.01) (0.08) -1 ≈ 0.0008] 0.0008% and [(1.01) (0.02) -1 ≈ 0.0002] 0.0002%. As airlines become a 

member, the technical efficiency rises by [exp (0.08) -1 ≈ 0.083] 0.08%. Further, with the adoption 

of FSC BM, the technical efficiency decreases by [1-exp (-0.07) ≈ 0.068] 0.07% (in another words, 

LLCs are 7% more efficient than FSCs). Lastly, a 1% increase in trade openness results in reducing 

technical efficiency by [1 -(1.01) (-0.04) ≈ 0.0004] 0.0004%. Hence, for European airlines, fuel cost, 

membership, BM, employee number and trade openness influence technical efficiency.  

5.11.2 Model-4 Logged EC Rest of the World TOBIT (Log Eff) 

Apart from European airlines, the aviation industry of the rest of the world has also shifted its 

functioning process to meet the competitive environment needed by switching their BM or 

making a change in their technical efficiency; thus, there is a requirement to examine different 

factors’ influences on the technical efficiency of the airlines of the rest of the world. Hence, the 

results of the Tobit model formulated for examining the impact is shown in Table 16. 

Table 16 Model-4 Logged Efficiency Change Rest of the World TOBIT (LogEff) 
 

Log (Eff) Estimate Std. Error t value Pr (>|t|) 

(Intercept):1 −0.09 0.37 −0.26 0.80 

(Intercept):2 −2.69 0.08 −31.97 0.00*** 

log (ACI) 0.01 0.02 0.36 0.72 

BM −0.10 0.05 −2.10 0.04** 

Competition 0.00 0.00 −0.09 0.93 

log (Cost) 0.10 0.03 3.39 0.00*** 

log (EFW) −0.06 0.15 N/A N/A 

log (Employee) 0.02 0.01 1.50 0.13 

Member 0.08 0.04 1.86 0.06* 

Ownership −0.01 0.03 −0.41 0.68 

log (TTCI) 0.06 0.23 0.26 0.80 

log (TO) −0.03 0.02 −1.38 0.17 

log (VO) 0.02 0.06 0.31 0.75 

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively. 
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In Table 16, though the value of standard error varies between 0.01 to 0.23, the approximate 

value is close to 0; thus, there is less bias in the dataset, and the built model is effective in 

computing the impact of different factors (Sileshi & Anglong, 2015). Further, the P-value for all 

the variables except BM, log (Cost) and member is more than 0.05 or 0.10; thus, the null 

hypothesis of having no impact on the variables of the technical efficiency of the rest of the 

world’s airlines is not rejected. As for the BM and log (Cost), the P-values are 0.04 and 0.00 < 

0.05, and member is 0.06 > 0.05 but less than 0.10; thus, the null hypothesis of having no impact 

on the variables of technical efficiency is rejected.  

The coefficient value depicts that with a 1% rise in cost, the technical efficiency increases by 

[(1.01) (0.10) -1 ≈ 0.0010] 0.0010%. Even becoming a member, increases technical efficiency by 

[exp (0.08) – 1 ≈ 0.083] 0.08%. But, with the adaptation of FSC BM, the technical efficiency 

decreases by [1-exp (-0.10) ≈ 0.095] 0.095% (In another words, LLCs are 8% more efficient than 

FSCs). Hence, for the rest of the world’s airlines, only BM, cost and member are significant factors 

influencing technical efficiency. Comparison between Europe and the rest of the world shows 

that though jet fuel cost, BM and airline membership are essential factors for each airline’s 

productivity, European airlines’ trade openness and employee number also contribute. The result 

that European airlines witness more changes in their efficiency and productivity is verified by 

Assaf and Josiassen (2012), who mention that European airlines have slightly better productivity 

and efficiency growth than US airlines.  

5.12 Summary of Statistical tests  

A reminder of the various statistical tests that were carried out to verify that our findings attain 

the best possible outcome and are as consistent as possible: 

▪ The initial DEA scores were subjected to the bootstrap resampling technique to remove any 

bias in the scores and adequately handle statistical noise that might be encountered in the 

general deterministic nature of non-parametric measures; for additional information on the 

bootstrap argument, refer to Chapter 4, Section 14. 
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▪ The RTS test was performed to ensure the best possible and correct returns-to-scale 

orientation was employed while conducting the DEA tests; see Table 5. 

▪ The isotonicity test was performed to check that the DEA input–output correlation was 

fulfilled; see Table 9. 

▪ A separability test was conducted utilising the basic correlation matrix between the variables 

of the first stage and the second-stage regression analysis to guarantee minimal overlap 

between the two (Banker & Natarajan, 2011). Additionally, the Spearman’s rank correlation 

test (MacFarland & Yates, 2016) was conducted to confirm that the separability assumption 

holds; see Appendix 15 for the correlation index (summary of Spearman’s rank) and graphic 

displaying the correlation coefficient (Lee Rodgers & Nicewander, 1988; Wanke et al., 2016). 

▪ Finally, our robustness test for the regression analysis was put through a number of different 

tests and investigations. These included several different regression analyses, such as GLS and 

FGLS, Newey–West and Tobit, as well as many different manipulations of the dependent and 

independent variables. Our ultimate choice of regression type was based on best practices 

and the most often used and acknowledged regression type in DEA second-stage analysis 

(Emrouznejad & Yang, 2018). Therefore, out of the many regression analyses, Tobit 

regression was used to depict our final results.  

▪ A ‘robustness check’ is also carried out as it become a routine process in empirical research. 

Researchers examine the behaviour of specified ‘core’ regression coefficient estimates when 

the regression specification is altered, often by introducing or eliminating regressors 

(Leamer,1998; Klees, 2016). Table 17 lists the results of a few of the constructed models by 

deleting certain explanatory factors and monitoring the change in coefficient and P-value for 

each of our significant variables. 

 

Table 17 Various regression models by adding /removing variables 
 

 Model-1-S Model-2-S Model-3-S Model-4-S Model-5-S Model-6-S 

(Intercept):1 -0.18017 -0.14209 -0.04647 -0.07606 0.022854 -0.10557 

(Intercept):2 -2.67525*** -2.67503*** -2.67071*** -2.65998*** -2.66004*** -2.6558*** 
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log(ACI) 0.016813 0.014728 0.006438 0.010368 0.00263  

BM -0.08107** -0.08288** -0.08514**    

Competition 0.001191      

log(Cost) 0.074521*** 0.075992*** 0.076069*** 0.072513*** 0.081815*** 0.08087*** 

log(ECI) -0.05742 -0.0645 -0.04068 0.03668 -0.04772  

log(Employee) 0.015356* 0.015446*     

Member 0.088568** 0.088007** 0.104029*** 0.039241** 0.040754*** 0.04418*** 

OP -0.00913 -0.00859 -0.01325 -0.00412 0.001011  

log(TCI) 0.155949 0.137821 0.105941 0.140569   

log(TO) -0.03329** -0.03368** -0.02794* -0.03775** -0.03017** -0.02885*** 

log(VO) 0.008189 0.014661 0.013677 0.00653 0.035199 0.019634 

Note: *, ** and *** indicate the significant level at 10%, 5% and 1%, respectively. 

Model-1-S original , Models 2-S-6-S are with variables removals (Blank indicating variable removed) 

5.13 Discussion on the Tobit Regression Results  

The OLS models failed to adequately explain most of the variables’ connections. However, jet 

fuel costs played a substantial role in airline efficiency in the basic model. This finding 

corroborates those of several researchers in the area of airline fuel efficiency studies, including 

but not limited to Assaf (2011), Lim and Hong (2014), and Miyoshi and Fukui (2018). 

Consequently, the Tobit regression model built for understanding the variation in technical 

change highlighted that jet fuel cost, BM, trade openness, membership and employee number 

are the factors that significantly affect airlines’ productivity and efficiency. Finally, one needs to 

be cautious that better operational efficiency does not automatically lead to superior financial 

performance in the airline industry (Scheraga, 2004b).  

5.13.1 Air Connectivity 

Our regression results indicate that air connectivity does not directly contribute to productivity 

or efficiency but serves as a component in influencing other factors associated with airline 

efficiency. 
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The measurement of air connectivity is complex, and airline efficiency does not seem to be 

entirely affected by hub connectivity. For example, when two distinct BMs are combined in a 

study, connectivity becomes less critical since most LCCs do not have a high-capacity network 

and rely mainly on point-to-point services. ‘Network coverage’, on the other hand, has an 

inverted U-shaped curve, with profitability rising steadily until it reaches a plateau (Low & Yang, 

2019). Initial advances in network efficiency, imply that airlines may enjoy larger traffic densities 

on their flights, resulting in better operational profitability. A more robust network with fewer 

routes and departure frequencies employing larger aircraft may increase traffic density. 

However, once the efficiency of ‘network coverage’ hits a saturation point, additional increases 

in traffic density cause network congestion and insufficient coverage, resulting in a decrease in 

profitability (Low & Yang, 2019). This is especially true if more traffic density is enticed by cheaper 

rates, lowering the passenger or cargo contribution margin. For airlines that operate beyond the 

saturation limit of ‘network coverage’, expanding the network by providing more routes, longer 

distance flights and greater frequencies is considered helpful.  

This conclusion is consistent with Low and Lee (2014), who claimed that having direct flights may 

assist full-service legacy airlines in distinguishing themselves from LCCs by flying longer distance 

journeys, lowering fuel consumption per kilometre flown, resulting in cost savings and increased 

operational profitability. Airlines may charge premium fees and attract consumers who seek 

connection by providing higher connectivity at the cost of poorer network efficiency. Low and 

Yang’s (2019) findings reveal that a significant number of airlines are operating beyond the 

saturation threshold, leading to lower load factor and less operational efficiency (IATA, 2020; 

Wiltshir & Jaimurzina, 2017), defining air connectivity as a measure of improved economic 

potential and productivity, but a significant contribution in enhancing labour capacity or 

providing more R&D opportunities.  

5.13.2 BMs  

Our BM result indicates that LLCs model have a positive impact on efficiency more than FSCs.  

Although there is no universally accepted definition for BMs, there appears to be a trend towards 

one that describes the BM through enterprises executing their strategy (McGrath, 2010; Nielsen 
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et al., 2009; Nielsen & Montemari, 2012). Hence, we can better understand how value is created 

and captured (Osterwalder & Pigneur, 2010; Teece, 2010).  

The BM idea allows managers and entrepreneurs to comprehend the value creation process and 

identify value drivers, organisational concerns and how strategic obstacles are tackled 

(Montemari & Chiucchi, 2017). Several definitions of the BM have been offered, with a focus on 

its features, in order to give a framework for references (see, for example, Al Debie & Avison, 

2010; Fielt, 2013; Nielsen & Montemari, 2012; Zott et al., 2011). BMs have been shown to be 

highly efficient in determining airline efficiency. The differences in operational models 

undoubtedly impact how airlines operate. Consider the Southwest experience. Southwest’s 

average gate turnaround time is 17 minutes, compared to 45 minutes for other full-service 

airlines (Hallowell, 1996). This results in less time spent on the ground and more aircraft 

utilisation, leading to greater efficiency.  

Lee and Worthington (2014) emphasised the importance of private ownership, low-cost business 

strategy and load factor in determining airline efficiency. When the performance of the two 

subgroups, FSCs and LCCs, were examined, FSCs were less efficient on average than their low-

cost BM colleagues. Nonetheless, since FSCs are less efficient in all phases of business activity, 

they would find it simpler to reallocate resources to improve efficiency (Duygun et al., 2016). Our 

findings support previous findings (Barros & Couto, 2013; Barros & Peypoch, 2009; Duygun et al., 

2016; Lee & Worthington, 2014; Lu et al., 2012; Yu et al., 2019) that LCCs are more efficient due 

to their cost structures. Furthermore, the operational methods of LCCs enable them to modify 

their operations according to market demand.  

Further, Choo and Oum (2013) and Roh et al. (2018) identified that the LCC model emerged as a 

method of controlling airlines’ cost structures. As well as enhancing the capability of airlines to 

convert inputs into outputs for competitive advantage, the technical efficiency of airlines 

improves. Though it significantly enhances productivity for some airlines, the BM is the key 

contributor to technical efficiency, and shifting away from it results in decreased technical 

efficiency.  
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As discussed in Vasigh et al. (2015), the proliferation of LCCs is one of the most significant 

developments in the US airline industry since the industry’s deregulation in 1978. While achieving 

higher efficiency and profitability, the competition brought on by these LCCs has put tremendous 

financial pressure on full-service network carriers. The two BMs see disparate operating 

outcomes and advantages under different economic states. FSCs are naturally able to generate 

greater profits when the broader economy is strong. LCCs are better off when demands are 

volatile and the competition is mainly cost-driven. 

5.13.3 Competition 

Competition in the aviation business is notoriously difficult to study, owing to the difficulty of 

developing a coherent metric for examining the impact of competition. Our regression results 

show no impact of competition to airline efficiency. The problem here is there is no clear 

definition of what defines a competitor, the challenge is to quantify rivals on a national, regional 

or global scale. Do FSCs compete with LCCs? Or do they need to be looked at differently? Is the 

assessment of competition based on the number of routes served, the network structure or the 

number of airlines serving the same destination? Due to all of these, airline rivalry is one of the 

most challenging areas to pinpoint precisely. 

To that extend, our airline competition variable was restricted only to airlines that operate in the 

same country and have comparable flight operation. These issues do not exclude comparison but 

rather accentuate the need for higher quality. Duke and Torres (2005), Fallon (2004) and Ng and 

Seabright (2001) identified the presence of intense competitive pressure as resulting in evolution 

for airlines through adopting more efficient technologies like LCCs. However, as there is variation 

in the competition level of different economies’ market structures, there is weak or no influence 

on productive efficiency.  

Brueckner et al.’s (2013) empirical study results, based on a panel of 12 European and seven 

major United States airlines, confirmed that state ownership substantially increases rents to 

labour, while the effects of competition are more subtle and ambiguous. Another study 

demonstrated that collaboration is more likely to produce better results for airlines than 

competition. Furthermore, competition is more likely to embody the airline with the lowest 
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environmental efficiency (Li & Cui, 2021). This is also the case in our research. Competition may 

create an intense atmosphere, but it does not necessarily result in efficiency improvement. 

5.13.4 Jet Fuel Cost 

Jet fuel cost has a positive impact on airline efficiency. The cost of jet fuel is a systemic problem 

that affects all carriers in the market. Because of this, the influence of jet fuel costs is not a 

company-specific variable but a universal one. The cost of jet fuel has more than quadrupled in 

the last 30 years, and efficiency has increased by 31%. According to Brueckner and Zhang (2010), 

a rise in fuel costs leads to reduced fuel usage and a greater load factor, leading to more efficient 

airline operations. Mollick & Amin (2021) found that oil price return volatility is negatively 

associated with airline carrier stock returns, with an almost zero correlation coefficient of − 0.009. 

Narayan and Sharma (2011) claim that businesses in the energy and transportation sectors see a 

rise in revenue when oil prices rise. 

There was considerable variation in fuel economy among the 15 largest US carriers studied by 

Zou et al. (2014), indicating that greater efficiency might save money on fuel. However, until 

there is a significant shift in technology, there will not be a sufficient reduction in demand for jet 

fuel (Chèze et al., 2011). Furthermore, the cost of alternative fuel remains high (Winchester et 

al., 2013). When fuel costs rise, carriers will look for ways to reduce the amount of fuel they use 

by maximising other resources.  

At the same time, as fuel costs rise, airfares rise quickly. However, the reverse impact on demand 

is less pronounced owing to the statistically significant asymmetric effects on aviation demand 

(Wadud, 2015). Studies such as Assaf (2011) and Merkert and Hensher (2011) confirm that jet 

fuel plays an important role. This infers that airlines are more cautious as fuel prices go up. 

Instead, they become more productive because they can better use their aircraft allocation and 

network. When it comes to hedging their fuel expenses, the vast majority of airlines use this 

strategy (Morrell & Swan, 2006). Even if their costs are being hedged, businesses have greater 

leeway to raise their prices and charge more during these times. Because of this, it was noted 

that using fuel cost as a metric for comparing efficiency is not desirable.  
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The empirical evidence shows that airlines cannot lower their financial risk exposure only by 

hedging fuel (Berghöfer & Lucey, 2014). Hence, several airlines have recently stopped using fuel 

hedging. A report by the GAO (2014) supported the results and highlighted that jet fuel prices 

had more than quadrupled over the years. Higher fuel prices result in higher costs and contribute 

to lowering the profitability of airlines while at the same time driving airlines to utilise better fuel 

consumption, leading to enhanced efficiency. The focus is on shifting to low fuel consumption 

technology by raising technical efficiency to improve the efficiency and profit capacity of airlines. 

Hence, jet fuel cost rises result in the improved technical efficiency of airlines. 

5.13.5 Economic Freedom of a country 

EFW results indicate no effect on the efficiency of airlines. An economy’s development is 

dependent on economic activities that result in the establishment of new firms and the 

production of new commodities and services. In turn, institutions have an impact on economic 

and commercial activity. Public policy is a feature of the institutions that govern the economy. 

One component of the institutional environment is the degree of economic freedom with which 

enterprises create and operate their commercial activity.  

The volume and kind of economic activity pursued by enterprises are influenced by the degree 

of economic freedom. Between 1998 and 2015, research in Romania found that the clear link 

between the degree of economic freedom and the growth of land and air transportation (Gabriel, 

2017) of domestic and regional aviation markets in Europe, such as the European Economic 

region and the rising number of Open Skies agreements, has shifted from a controlled tariff 

structure to a market-dominated system (Button, 2007). In this latter setting, the old legacy and 

charter airlines’ commanding position and pricing leadership are steadily undercut.  

On the other hand, Turkey has witnessed significant success in airline liberalisation, which began 

in 1983. As a result, many airlines entered the market quickly, fuelling the tourism sector, which 

increased rapidly and amplified demand for air travel, leading to increased passenger traffic. 

Turkish air carriers’ share of the international market increased, and competition between 

Turkish and foreign air carriers increased (Gerede, 2010). Further, the EFW defines the freedom 

of economies to undertake choice-based economic activities and leads to higher movement of 
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labour and an improvement in workforce quality. Thus, the variable influencing associated inputs 

for airline efficiency indirectly contributes to productivity but has no direct contribution to airline 

efficiency (Tolcha et al., 2021; Tran, 2019). 

5.13.6 Number of Employees Effects 

Efficiency is positively impacted by the number of employees in our regression estimate, with a 

significant level only reaching 8%, falling short of the 5% significant threshold. The airline industry 

is a highly service-intensive industry, which leads to the importance of having the right number 

of the work force and the optimal employee allocation. Managing a firm’s resources is a 

challenging endeavour. Hoskisson et al. (1999) claimed that this is because the RBV empathises 

with the unique character of a firm’s resources and skills. However, empirical verification of the 

RBV hypothesis provokes significant hurdles.  

In the aviation sector, the nature of the interaction between employers and employees should 

be of great consequence to airline performance. Given its service-intensive nature, the cost-to-

total cost ratio is relatively high. On the other hand, unions represent around 40% of all transport 

sector workers and more than 60% of non-management staff at major airlines (Hirsch & 

Macpherson, 2000; Johnson, 2002). Wu and Liao (2014) reaffirmed the benefits of using DEA 

models to evaluate airline performance and stressed the critical nature of airlines’ resource 

allocation capabilities. On the other hand, the empirical findings indicate that the number of full-

time employee equivalents negatively affects operational efficiency, implying that high personnel 

expenses continue to impede airlines’ efforts to improve their efficiency (Huang et al, 2021).  

Labour expenses are the second-highest operational cost in the aviation sector, and a significant 

share of labour costs are fixed costs. Given that inefficiency in the labour force is not 

commonplace in a highly regulated company environment, determining ways to enhance labour 

productivity, measured by revenue earned per employee, becomes an urgent priority for carriers. 

Ahmad and Khan’s (2011), Assaf's (2011), and Barbot et al.’s (2008) studies identified that a 

higher number of employees associated with size contributes to supporting airlines’ 

performance, resulting in an economy of scale and more market power, hence raising the 
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technical efficiency of airlines. Though some studies define its role in productivity, it is primarily 

employees that contribute to an airline’s efficiency; this is also true in our examination model. 

5.13.7 Alliances 

The alliances hypothesis is well supported, suggesting that airlines affiliated with international 

alliances operate more efficiently. The biggest advantage of being part of a global airline alliance 

is to facilitate the network collaboration and cut human cost through sharing resources 

(Brueckner, 2001; Douglas & Tan, 2017; Gaggero & Bartolini, 2012; Iatrou & Alamdari, 2005; 

O’Connell & Bueno, 2016).  

It is a natural progression for airlines operating on a hub-and-spoke basis to create alliances in 

the airline industry. When airlines form alliances, they may expand their network without 

increasing the number of flights and enhance passenger density in their home network by 

bringing in customers from the alliance partner’s home network. The economies of density 

enhance the load factors and lower the average cost for all alliance participants.  

Passengers do indeed benefit from the alliance because of more destinations and cheaper rates 

(Brueckner & Whalen, 2000). However, probable collusion between carriers on routes connecting 

the hubs of alliance participants is a matter of worry. When American Airlines and British Airways 

teamed up in 1998, they agreed to give up 267 London Heathrow and London Gatwick slots 

(representing nearly 5% of all weekly landings and take-offs), primarily to create a competitive 

route between London and New York.  

According to Brueckner and Whalen (2000), airline alliances and code-sharing agreements are 

generally seen as advantageous from a social perspective. Collaborative pricing reduces rates for 

interline markets, creating an attractive pricing strategy for feeding routes while increasing fares 

between hubs. With increased demand, fares might be reduced even more due to economies of 

density. As a general rule, airlines that belong to global alliances should be more efficient than 

those that do not. Additionally, Zuidberg (2014) emphasised the significance of the load factor, 

aircraft usage and aircraft size on airline efficiency. According to Kottas and Madas (2018), Lin 

(2013) and Min and Joo (2016), airline alliances contribute to market expansion, cost savings, 
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increased traffic for partner airlines, practical cooperation and a more flexible structure, which 

enhance the technical efficiency of airlines by improving their capacity.  

5.13.8 Ownership 

The non-significance of the ownership results in our models suggests that ownership is not a 

driver of airline efficiency, results were similar to those of Merkert and Wiiliams (2013). Many 

academics and policymakers base their privatisation and deregulation recommendations on 

comparative studies of the relative technical efficiency differences between the two ownership 

types. Private companies are thought to be more technically efficient than public companies. 

Several interconnected strands of hypotheses have played a role in reaching this conclusion. 

Niskanen (1971), claims that public sector managers, bureaucrats and politicians maximise their 

budgets when functioning in insufficiently competitive situations. This self-interest behaviour 

harms cost-cutting incentives. The last strand contends that regulatory agencies, which may be 

made up of self-serving bureaucrats, are ‘captured’ by special interest groups and serve the 

producers’ interests above the ‘public interest’. Although all three sets of theories agree that 

private corporations are more efficient than government-owned businesses (Boardman & Vining, 

1989; Millward & Parker, 1983), the globalisation of economic activity threatened most airlines 

in the 1990s, whether commercial or public.  

Both governmental and private airlines prefer to operate on a more business basis than non-

economic political aims to remain in the dynamic aviation industry. Furthermore, the empirical 

data shows that state ownership did not act as a hindrance to efficiency in this sample. Being 

privately or government-owned makes little difference when airlines operate on a business basis 

without any regard to political agendas. In addition, airlines must maintain their service quality – 

boosting load factors – to stay competitive and efficient. Generally, private ownership is 

identified as the component contributing to deriving better productivity or efficiency for airlines. 

Although other studies conclude the opposite, what we are sure of is that both airline types 

operate on a commercial basis and both encounter restrictions in the way they accomplish their 

tasks; thus, ownership does not have a significant contribution on airline efficiency (see, for 

example, Backx et al., 2002; Fethi et al., 2000).  
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5.13.9 Destination Attractiveness (TTCI) 

The TTCI result is not significant meaning that TTCI has no impact on airline efficiency.  When 

investigating destination attractiveness, we found that the best available index to use is the TTCI. 

However, this index has several criticisms. Research by Wu et al. (2012) challenged the TTCI to 

rate destinations based on their economic situations rather than their competitiveness in 

supplying a quality tourist product. The TTCI’s top destinations were mainly in developed 

countries, whereas the TTCI’s worst destinations were in developing or less developed countries, 

despite the latter’s abundant natural and cultural resources (Blanke & Chiesa, 2013). Economic 

discrepancies between nations will continue to impact the significant findings of tourist 

competitiveness since the TTCI report gives equal weight to all subindices/pillars. Furthermore, 

as long as existing frameworks and definitional systems of destination competitiveness cannot 

be cast in solid cause–effect linkages, their practical advantages remain restricted. It is now more 

of a collection of facts than a model that illustrates a clear and testable link between the variables 

of interest. Furthermore, since it solely considers the current situation, the TTCI ignores the 

implications of future-orientated components, such as investment choices. It also fails to 

distinguish between the supply and demand sides of the competition and assumes a shared 

viewpoint across local and foreign markets.  

The non-significant of this variable might be due to the nature of the operation in our airline 

sample. The majority of our sample operate on a global connection and, for the most part, 

operate on a hub-and-spoke basis, which means that their operations are not limited to a specific 

location or destination. Second, when studying a destination’s attractiveness, one should look at 

bilateral operations between countries (a destination–origin type of operation) rather than hub 

activities to see how the attractiveness of a destination affects its popularity. Lastly, the TTCI 

measures the economy’s effectiveness in attracting tourists. To improve the index value, the 

economy focuses on improving the infrastructure and raising the efficiency of the workforce. 

These factors have an indirect impact on airlines and are beyond management’s control; thus, 

the TTCI has little impact on airline productivity and efficiency.  
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5.13.10 Trade Openness  

The trade openness regression coefficient results are negative and significant indicating that 

trade openness negatively affects airline efficiency. The Trade Openness Index is calculated as 

the sum of exports and imports as a percentage of GDP. This means that for some large countries 

with a large population, this index is relatively small; for example, China, Japan and the US have 

Trade Openness Indices of 37, 36 and 27, respectively; within these countries, there are several 

highly efficient airlines, demonstrating that trade openness substantially influences airline 

efficiency.  

Opening your country to foreign trade can result in high competition and a free market, forcing 

established companies to modify and adapt their existing practices to survive. Barros and 

Peypoch (2009) evaluated 27 European airlines from 2000 to 2005 using traditional DEA and 

bootstrapped truncated regression and found that population demographics and participation in 

an alliance network impacted airline efficiency. Gittens et al. (2019) mention that with 

liberalisation, there was a rise in trade openness for economies, rising competition for the 

aviation industry, and even the expanding middle class and rising population had created a surge 

in air travel demand. A higher trade openness leads to a higher vulnerability, especially in 

developing countries (Montalbano, 2011). When trade restrictions are lifted, local companies are 

put under tremendous pressure to succeed or perish (Belloumi, 2014). 

The rising burden and competition resulted in the introduction of more LCCs, putting more 

pressure on legacy or FSCs. Even when airlines strive to maintain their competitive position and 

fulfil expanding demand, they turn to cheap, eco-friendly or readily accessible products, resulting 

in lower technical efficiency (Duman & Kasman, 2017). The benefits of trade liberalisation, as 

argued in traditional trade theories, are conditional in a number of requirements that are difficult 

or impossible to achieve in practice (Rodrik, 2006).  

5.13.11 Visa Restrictions  

The non-significant of the visa openness regression results suggest that visa openness is not a 

driver of airline efficiency. The potential advantage of bilateral visa abolition in a specific country 
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is significant. However, since the visa openness Index has little impact on airline efficiency. The 

main reasons are that our sample and the origin of the airlines chosen to perform the research 

on might be the first significant factors for the lack of any association between efficiency and the 

visa openness Index. The other reason is that more of our airline samples operate in large nations, 

such as the US or China, or in regional settings, such as Europe. Travelling within these countries 

or regions does not require the acquisition of a visa. As a result, our regression coefficient was 

not statistically significant for this variable.  

A more realistic approach to investigating this index would be to study nations with no domestic 

market and no transit passengers. This would help to better evaluate the impact of visa 

restrictions on airlines; otherwise, this would make caging the influence of the visa variable 

challenging to pinpoint. For example, Ethiopia’s visa openness is among the lowest globally. 

However, Ethiopian Airlines is a highly efficient airline, implying that the visa openness indicator 

does not necessarily represent the company’s efficiency. Furthermore, the argument can be 

investigated more using the cases of Emirates and Etihad Airways, both of which are based in the 

UAE, with the highest global ranking for Visa Openness Index ratings. However, we see two 

distinct efficiency scores, with Emirates having a very efficient score. On the other hand, Etihad 

Airways fails to attain high efficiency, confirming our regression model’s findings that visa 

openness has no direct impact on airline performance.  

Travel and tourism are restricted by visa prerequisites, but with more liberal visa restrictions, the 

aviation industry has indirectly witnessed an improvement in performance (IATA, 2015; Wiltshir 

& Jaimurzina, 2017). However, according to the conditions previously stated, the visa openness 

variable is does not seem to have a direct impact on airline efficiency.  

5.14 Discussion on the European Carriers’ Results 

We obtain a different conclusion when we examine our samples solely utilising carriers from the 

European region. Throughout our analysis, whether we use the full-world sample or simply the 

European nations, fuel cost remains the variable that has a direct and highly substantial influence 

on airline efficiency.  
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Ownership has little impact on efficiency among European carriers, which is understandable 

given that the vast majority of European carriers are privately held and operate in a highly 

competitive market with stringent rules.  

At the 10% significant level, BM and employment are significant, indicating that FSCs are less 

efficient than LCCs. Interestingly, in Europe, we have two of the most efficient low-cost airlines, 

Ryanair and EasyJet. Employees have a favourable influence on efficiency, but only at a 10% level. 

This suggests that manpower utilisation and efficient use of HR may have a direct and beneficial 

influence on airline efficiency.  

Trade openness has a negative and significant influence on airline efficiency in Europe, 

demonstrating that operating inside the European region with open skies and open trade 

agreements leads to heated competition, reducing service quality and, hence, efficiency level. 

Moreover, trade openness may not correctly represent the shift in efficiency, which might explain 

the observed findings. Despite the fact that many trade barriers have been lifted for member 

countries, trade restrictions may have little effect on the volume of commerce within Europe. 

Another cause might be the close proximity of European countries, which could employ more 

efficient and cost-effective modes of transportation to link the countries in the area.  

The introduction of strict emission rules and regulations within the EU also adds to the difficulties 

airlines face in terms of managing emissions and associated costs. Even the rise of the middle 

class led to an increase in air travel demand. Boeing Commercial Aircrafts (2008) attributes about 

two-thirds of the rise in traffic to GDP development, which boosted competition and led to the 

arrival of even more low-cost airlines, leaving the legacy or FSCs more susceptible to inefficiency. 

5.15 Discussion on the Rest of the World’s Results 

When we removed European airlines from our global sample, a new trend emerged. Fuel 

remained constant across all of our regression models, illustrating the variable’s global 

importance in influencing airline operating efficiency. Other notable developments included the 

fact that we no longer see any influence of the employee numbers variable on airline efficiency, 

which can be explained by the fact that most airlines operating in Asia, the Middle East and Africa 
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are either without unions or have weak unions, and labour productivity in these regions is lower 

than in Europe.  

Furthermore, excluding European airlines from the comparison, trade openness deteriorated 

from being significant to non-significant in a global setting. The efficiency of airlines is determined 

by how they choose to operate, as evidenced by the significant level of their BM, with full-service 

airlines being less efficient than low-cost counterparts. Finally, membership in an alliance has a 

significant impact on airline efficiency. Whether operating in an open skies zone or a large 

domestic market, being a member of a global alliance has a significant and direct impact on airline 

efficiency. 

5.16 Chapter Conclusion  

The Tobit regression model built for understanding the variation in technical change highlighted 

that jet fuel cost, BM, trade openness, membership and employee number are the factors that 

significantly affect airlines’ productivity and efficiency. Our conclusion about the cost of jet fuel 

is consistent with the GAO's (2014) findings, which emphasised that airline profitability has 

decreased as jet fuel prices have risen. The focus is on migrating to low-fuel-consumption 

technologies and enhancing technical efficiency in order to improve the profitability and 

efficiency of airlines. As a result, a rise in jet fuel prices decreases the company's current 

profitability, increases technical efficiency, and diminishes airlines' concentration on innovation 

(technological change). 

Further studies (Choo & Oum, 2013; Roh et al., 2018) identified that the LCC model emerged as 

the method of controlling the cost structures of airlines. It enhances the capability of airlines to 

convert inputs to outputs and even provides them with an incentive to adopt best practices and 

operations for deriving competitive advantage. Thus, the technical efficiency of the airlines 

improves. The majority of BM operations contribute to technical efficiency, and shifting away 

from those operations reduces technical efficiency.  

The impact of alliance membership has been thoroughly studied; research findings from Kottas 

and Madas (2018), Lin (2013) and Min and Joo (2016) highlight that airline alliances contribute 
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to an expanding market base, cost-saving potential, traffic increase for partner airlines, effective 

cooperation and a more flexible structure, thus enhancing the technical efficiency of airlines by 

improving capacity, reducing costs and increasing consumer choices.  

According to the findings of Ahmad and Khan (2011) and Barbot et al. (2008), the presence of a 

higher number of employees helps airlines perform better, thereby increasing the technical 

efficiency of airlines. Some of the studies defined its role in productivity as well, through 

employees’ contributions towards enhancing capacity.  

Liberalisation in aviation intensifies the competition level with additional pressure arising from 

the expanding middle class and increases in air travel demand. The rising burden and competition 

have resulted in reducing the existing efficiency of airlines. The shift to more affordable products, 

as well as the concentration of competition at the lower end, may reduce airline efficiency 

(Duman & Kasman, 2017).  

Air connectivity is defined by IATA (2020a) and ISU (2014) as a measure of improving economic 

potential and productivity but is also a major contributor to enhancing labour capacity or 

providing more R&D opportunities. In this regard, the emphasis should move from additional 

routes to network seat capacity (PWC, 2013), since increasing the number of routes without a 

sufficient number of filled seats may result in decreasing efficiency. As a result, while air 

connectivity does not directly influence productivity or efficiency, it does serve as a component 

influencing other factors associated with airline productivity.  

Generally, private ownership has been identified as the component contributing to deriving 

better efficiency for airlines, as airlines operating on a commercial basis exclude political 

objectives, and some restrictions are imposed with each type of ownership style; thus, ownership 

does not significantly contribute to the airline. Backx et al. (2002) and Fethi et al. (2000) found 

the same results.  

The competition of airlines is difficult to quantify precisely, as airlines operate on a domestic, 

regional and global level and with diverse BMs, leading to more vagueness of this variable. Duke 

and Torres (2005), Fallon (2004) and Ng and Seabright (2001) recognised that the presence of 

intense competitive pressure, though, results in airlines’ evolution by adopting more efficient 
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technologies like LCCs, but as there is variation in the competition level of different economies’ 

market structures, there is weak or no influence on productive efficiency.  

Further, the EFW defines the freedom of economies to undertake choice-based economic 

activities and leads to higher labour mobility and an improvement in the quality of the workforce. 

Thus, the variable influencing associated inputs for airline efficiency indirectly contributes to 

productivity but has no direct contribution (Tolcha et al., 2021; Tran, 2019).  

The visa restrictions hinder travel and tourism, but with more visa openness, the tourism industry 

could witness an improvement in performance. However, in countries where the domestic 

market is large, or in regions like the EU or where airline operations mainly depend on transit 

traffic, the visa is not required. Thus, it does not influence airline productivity or efficiency (IATA, 

2020b; ISU, 2014).  

Lastly, the TTCI measures an economy’s effectiveness in attracting tourists. Though, to improve 

the index value, economies focus on improving infrastructure and raising the workforce’s 

efficiency, as these components indirectly influence airlines and are outside managerial control. 

As a consequence, we found the TTCI had no significant effect on airline productivity and 

efficiency across our airline sample.  
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Chapter 6  How COVID-19 is Revolutionising the Airline Industry  

6.1 Introduction  

This chapter investigates the impact of COVID-19 on the airline industry. In particular, this 

chapter takes the results from the first part and scrutinises significant variables to determine how 

COVID-19 impacted them. Continuing on the STP perspective, the study’s objective is to 

understand how the airline industry responded to key operational elements during and after the 

pandemic. There is no doubt that policymakers are becoming more anxious about the 

consequences of COVID-19. The pandemic has exacted a tremendous cost, killed people, wrecked 

companies and profoundly transformed society. Consequently, the crisis has hampered the 

global economy, causing unemployment, a crash in tourism and a drop in consumer spending 

(Khan et al., 2021). Two-thirds of commercial airlines were closed due to social isolation and 

travel restrictions. Up to 7.5 million flights were cancelled, and customers were requesting 

compensation. The majority of aircraft were parked on the ground, resulting in huge costs and 

one of the most challenging tasks to mitigate in aviation history (IATA, 2020b). 

The aviation sector remains vulnerable and one of the first casualties (Sun et al., 2021). 

Throughout the past century, aviation has had a constant and unparalleled expansion despite 

earlier global calamities, such as the 9/11 terrorist attacks, and the global financial crisis of 2008. 

Having achieved one billion passengers in 1987, airlines doubled in size in less than two decades, 

reaching two billion in 2005, three billion in 2013 and 4.5 billion in 2019 (O’Connell, 2019). Low 

airfares coupled with the expanding middle class have altered the dynamics of global travel. 

Today, air travel accounts for 58% of all international travel, up 14% from 20 years ago (UNTWO, 

2020). The consequences of COVID-19 are triggering thoughtful anxiety among government 

policymakers and airline owners. This section discusses the current COVID-19 discourse and 

reviews the relevant literature. 
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6.2 Airline Industry and External Shocks 

External shocks have a considerable effect on the air transport industry. Brown and Kline (2020) 

classify exogenous shocks into three types: macroeconomic, security and health threats. Most of 

these shocks have undergone extensive research to evaluate how they shape the industry and 

the speed of recovery. The problem is that we see little agreement on whether these shocks have 

a long-term or short-term impact on the sector’s development prospects (Gudmundsson et al., 

2021). What the pandemic provides is an ideal opportunity to investigate the impact of such 

exogenous shocks on the industry.  

Researchers from different industries investigated the impact of such shocks (Gössling, 2020; 

Magdalina & Bouzaima, 2021; Scheiwiller & Zizka, 2021), with airline responses to the pandemic 

being the first to draw attention to the crisis (Sun et al., 2021). Past crises, such as SARS and the 

9/11 terrorist attacks, have shown that it is feasible to learn from these crises in terms of 

managerial responses to external shocks. Albers and Rundshagen (2020) group these initial 

responses into four categories: retrenchment, preservation, innovation and exit-and-resume 

strategies. In these first responses, some thought was given to airline communication methods 

during a crisis (Scheiwiller & Zizka, 2021). Furthermore, Amankwah-Amoah (2020) presented a 

conceptual framework for short- and long-term strategic and tactical responses. Brown and Kline 

(2020) emphasised the fact that environmental scanning is crucial when dealing with external 

shocks. Furthermore, Linden’s (2021) work includes a few recommendations for aviation 

management on how to prepare for and survive external shocks.  

COVID-19 has provided an opportunity to restructure social issues such as climate change and 

sustainability (Suau-Sanchez et al., 2020). Gössling (2020) provides a critical perspective on the 

aviation industry prior to the pandemic, emphasising its fragility and reliance on government 

assistance. He emphasises that the industry’s negative externalities, such as the spread of 

diseases and the impact of climate change, need a significant shift in airlines’ current BMs. 

However, in fairness to airlines, Amankwah-Amoah (2020) highlights the challenge of looking 

after these practices during times of crisis.  
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The third stream of research investigated how governments and public policies impacted airlines 

during the financial crisis. Abate et al. (2020) investigated governments’ willingness to assist 

airlines and listed the different types of assistance programmes. Akbar and Kisilowski (2020) 

provide a contrasting perspective on the intricacy of airline nonmarket strategies in the COVID-

19 context, focusing on governmental regulation, reliance on aid programmes and legitimacy 

perception. Macilree and Duval (2020) expand the research’s scope by looking at the most 

important policy issues facing the industry after COVID-19. 

6.3 Air Transport and Viral Dissemination 

When COVID-19 began to spread among individuals and across national borders, governments 

began to impose travel restrictions and close their borders to prevent disease transmission (Luo 

et al., 2020; Vaidya et al., 2020).  

Unfortunately, this was done in a disorderly and almost chaotic fashion in some countries (Sun 

et al., 2020). The irregularity in travel restrictions among countries has discouraged people from 

wanting to fly (Salari et al., 2020; Taylor, 2020). According to the UNTWO (2020), this is the first 

time that international travel has been limited in this way, with so many nations enacting travel 

restrictions. Many potential passengers were either discouraged from travelling or advised that 

they could only fly if they followed a strict quarantine. Thus, according to Adrienne et al. (2020), 

the air travel industry shrunk by 64% by mid-April 2020, with 17,000 planes grounded, forcing 

airlines to reduce flying operations in order to save money.  

Another contributing factor was the uneven implementation speed of the vaccination 

programmes. This further limited the choices available to prevent the spread of the virus to 

control and containment measures, including social distance, quarantining and travel limitations 

(Kim & Liu, 2021). Studies by Lau et al. (2020) and Petersen et al. (2020) confirmed that travel 

restrictions and control measures were effective in preventing the spread of the virus. According 

to Hufnagel et al. (2004), isolating big cities was a successful control strategy for SARS. Brownstein 

et al. (2006) investigated the spread of influenza in the US and emphasised the importance of 
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flight restrictions in reducing infection rates. France, for example, saw an accelerated spread of 

the influenza virus because no flight restrictions were imposed.  

Tuncer and Le (2014) looked at a two-city dispersal model of avian influenza spread via air travel. 

They argued that the effectiveness of control measures (e.g. isolation and quarantining) is heavily 

dependent on the air travel proportion or the share of air passengers based on the population of 

the departure city. All of this supports the idea that restricting air travel is critical in lowering 

pandemic risk. On the other hand, other researchers argue that travel restrictions are 

unsuccessful in preventing the spread of contagious illnesses. The reality is that travel restrictions 

did not significantly limit the global spread of the influenza pandemic (Cooper et al., 2006). 

According to Ferguson et al. (2006), restrictions can only constrain the spread for two to three 

weeks. Chinazzi et al. (2020) used a population transmission model to examine the link between 

travel limitations and the spread of COVID-19. They found that the Wuhan shutdown was 

ineffective in slowing the virus’ spread to other domestic locations compared with international 

travel restrictions. Furthermore, there is a possibility that the virus spreads domestically via 

everyday activities (Borkowski et al., 2021; Zhang et al., 2021). 

6.4 COVID-19 and the Stream of Research  

The pandemic’s impact on passenger traffic has mostly focused on two distinctive viewpoints. 

The first component is the pandemic’s traffic-inhibiting influence. For example, Iacus et al. (2020) 

investigated the critical implications for global passenger traffic. Graham et al. (2020) 

investigated how senior travellers were affected by COVID-19. Zhang et al. (2021) examined 

changes in airline traffic, focusing on the Chinese market; they found that China’s international 

market is struggling to recover because of the strict pandemic control, whereas the domestic 

market is recovering quickly. Hensher et al. (2021) revealed that the pandemic induced a 

significant shift in the way people travel, from using public transportation to more personalised 

vehicles, with many short-distance flights now substituted with driving. Sun et al. (2020) 

conducted a rigorous empirical assessment of the impact of COVID-19 on air transportation using 

multigrain network analysis. Their results indicate that the pandemic had a substantially more 
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significant impact on overseas flights than on domestic flights. Dube et al. (2021) explored the 

pandemic’s detrimental impact on airline financial status and provided potential recovery 

pathways for global airline firms. Choi (2021) evaluated the impact of COVID-19 on airport 

operational procedures and found that the most evident benefit was enhanced procedures for 

assessing passengers’ health status. Hou et al. (2021) created a comprehensive economic model 

to modify international flight slots at hub airports for domestic routes. As a result of airport slot 

reallocations, airlines’ competition and strategies were changed.  

The second stream of research focuses on how airline travel may aid in spreading the virus. 

Gilbert et al. (2020) investigated African countries’ international ties with China to estimate the 

import risk of COVID-19. Tang et al. (2020) utilised the population outflow of different modes of 

transportation (e.g. air, train and coach) from Wuhan to other locations in China to predict the 

speed and rate of the virus’ spread throughout China. The importance of the air travel bans in 

restraining the pandemic was also investigated by Lau et al. (2020), who revealed that the ban 

significantly slowed the spread of COVID-19 in China. Chinazzi et al. (2020) predicted the impact 

of the Wuhan shutdown on virus spread using a worldwide population transmission model. They 

pointed out that the prohibition would only delay the outbreak’s spread within China by three to 

five days, while international travel restrictions would help delay the outbreak’s transmission 

from China to the rest of the world more effectively.  

Zhang et al. (2020a) studied the influence of different modes of transportation on COVID-19 

transmission in China. They observed that flying was more strongly associated with viral 

transmission than high-speed trains. Zhang et al. (2020b) proposed a method for predicting the 

likelihood of importing COVID-19 through international passengers with real-time global flight 

data and pandemic records. It was then applied to specific Chinese provinces to estimate the risk 

of importing viruses through international routes. The problem is that air travel contributes to 

the spread of the virus worldwide (Tatem et al., 2006; Wilder-Smith et al., 2003).  

Both the aviation and tourism segments are especially vulnerable to infectious disease outbreaks 

due to their face-to-face and contact-intensive nature and the high movement of people and 
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goods inside and beyond national borders. Furthermore, several past studies have confirmed 

that airline travel may influence the spread of viruses, such as influenza (Grais et al., 2003), SARS 

(McLean et al., 2005), Ebola (Bogoch et al., 2015), Zika (Bogoch et al., 2016) and dengue (Tian et 

al., 2017). According to Oztig and Askin (2020), airlines played a significant role in spreading the 

SARS virus to 37 countries, whereas the Middle East respiratory infection spread to 27 countries. 

In a similar vein, Wilder-Smith (2006) found that the avian flu (H5N1) outbreak spread to around 

60 countries, reducing tourist visits to the Asia-Pacific region by approximately 12 million. 

According to Wen et al. (2005), SARS lowered tourists’ willingness to travel due to the health 

hazards associated with travel activities. Kuo et al. (2008) confirmed Wen et al.’s (2005) findings 

by observing a significant decline in tourist arrivals to SARS-affected countries. Rosselló et al. 

(2017) examined the impact of numerous outbreaks on tourist arrivals using econometric 

techniques. They observed that the advent of the pandemic significantly lowered visitor 

numbers. For example, the spread of malaria reduced tourist visitation by 47%. According to 

Blake et al. (2003), foot and mouth disease reduced the number of visitors and their spending in 

the United Kingdom.  

However, the COVID-19 pandemic has surpassed all previous pandemics due to its rapid spread 

on a global level, with the aviation industry playing a significant role in spreading the pandemic 

(Sun et al., 2020). The COVID-19 outbreak has been a commercial disaster for the world’s aviation 

industry. Rapidly, global traffic levels fell by 21% in March 2020 compared with the same month 

the previous year, with global traffic levels falling by 66% by April. As the harmful virus spread 

worldwide, the decreasing trend continued at an alarming level, falling to 69% by May 2020. 

According to UNTWO (2020), international tourist visits dropped by 70% in 2020, resulting in a 

700 million visitor and 730-billion-dollar loss in tourism profits in the inbound tourism industry. 

COVID-19’s devastation in 2020 was eight times more than the loss caused by the 2008/09 global 

financial crisis (UNTWO, 2020). As they work hand in hand, the situation of the tourist industry 

was mirrored in aviation, with airline passenger revenues falling by 69% in 2020, amounting to a 

421 billion US dollar loss compared with the pre-pandemic year of 2019, while aggregated losses 

are expected to be around 118 billion US dollars, more than four times the losses experienced by 

the industry following the global financial crisis of 2009 (IATA, 2020a). COVID-19 has emerged as 
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the most significant threat to the aviation industry in recent history (Amankwah-Amoah, 2020), 

with consequences expected to last until at least 2024 (IATA, 2020c). Gudmundsson et al. (2021) 

predicted a similar recovery path, with the best-case scenario being mid-2022 and the worst-case 

scenario being 2026. Some researchers agree with this point of view. In fact, Thams et al. (2020) 

went further to say that the pandemic could completely destroy the global tourism industry. 

6.5 Oil Prices and COVID-19 

Fuel is a significant expenditure for airlines, and the industry has made various efforts to increase 

fuel consumption efficiency by changing aircraft fleets or performing enhanced ground and air 

operations. According to Ateş et al. (2018) and Zhang et al. (2017), the highly competitive 

environment, fluctuating fuel prices and environmental constraints imposed by governments or 

international organisations, as well as high fixed and variable costs, compelled airline operators 

to invest in technological developments, operational improvements or alternative fuels to reduce 

fuel consumption (Singh et al., 2018). IATA (2018) set an ambitious objective in 2008 of increasing 

fuel efficiency by 1.5% per year between 2009 and 2020 and lowering net aviation CO2 emissions 

by 50% by 2050 compared with 2005. As the industry resumes operations following the 

pandemic, obstacles will persist despite the risk reduction (Suk & Kim, 2021). Unfortunately, the 

pandemic has made 2020 the worst year in airline history, with net losses of 118 billion dollars in 

2020 and an additional 38 billion dollars expected in 2021 (IATA, 2020b).  

In reality, the pandemic crisis was a big wake-up call for the aviation industry to restructure, but 

the pattern and speed of restructuring after the outbreak will remain unknown for at least the 

near future. Recovery will differ per country since it relies on vaccination programmes, status of 

the countries’ health systems, government efforts and a range of other factors (Chang et al., 

2020; Zhu et al., 2021). Airlines must strictly monitor their fuel costs and risk exposure to oil price 

volatility in this uncertain situation, with the industry’s escalating debt levels of 120 billion dollars 

in 2020, of which 79 billion dollars backed by government loans, delayed taxes and loan 

guarantees must somehow be repaid.  
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Furthermore, low passenger yields and rising operational costs complicate matters (Pearce, 

2012). Moreover, oil prices directly affect airline stock market share prices (Kristjanpoller & 

Concha, 2016). A study by Yun and Yoon (2019) revealed that the share prices of South Korean 

and Chinese airlines were affected differently by the three different international oil prices (WTI, 

Brent and Dubai). Fuel prices may have declined at the height of the pandemic as demand for 

flights decreased. However, as we emerge from COVID-19 and confront another external 

obstacle, the conflict in Europe (Ukraine–Russia), this will further complicate how fuel costs are 

more efficiently controlled. 

6.6 COVID-19 and Air Transport Recovery  

The spread of COVID-19 has resulted in significant losses for domestic and international airlines. 

New strategies for adapting up-to-date management systems to an uncertain environment are 

being sought by many airlines beyond COVID-19. The pandemic kept airlines on their toes, always 

looking for novel ideas. Fortunately, most of them saw COVID-19 as a catalyst for reform and a 

move towards more sustainable development objectives.  

Mckinsey (2021) consultants anticipated that business travel will only return to around 80% of 

pre-pandemic levels by 2024. Many researchers have studied the impact of COVID-19 on the 

tourist sector (Qiu et al., 2020; Yang et al., 2020) and forecasted the recovery route (Liu et al., 

2021; Qiu et al., 2021). COVID-19 has fundamentally changed airline passenger demand, and 

many of these changes are projected to last long after the pandemic. Looking beyond COVID-19, 

several airlines are looking for new ways to adapt to a world where many of the products offered 

are adaptable and refundable. There is a good chance that flexible working options, such as 

remote employment, will continue after the pandemic. Long-haul flights, in particular, should be 

re-evaluated by airlines. We may even see a decrease in business traffic, which needs a change 

in pricing strategy. For instance, most airlines charge a premium for point-to-point nonstop trips, 

with these nonstop flights being popular with corporate travellers that prioritise time over cost. 

Budget-conscious travellers, on the other hand, choose an alternative route to save money. The 

two nonstop and connect flight prices may need to be more closely aligned. Network adjustments 

may also be necessary due to a decrease in business traffic. In the past, small aircraft with higher 
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frequencies were utilised more for business travellers. These flights were feasible possibilities 

due to high-yielding business demand. What the future is informing is that the large long-haul 

airlines may need to rethink the economics of flying larger aircraft with reduced unit costs in the 

near future. Finally, airlines may modify their cabins to better suit the expected demand for 

tourist travel. Some airlines have already reorganised in reaction to the pandemic, while others 

are just going through the motions.  

It is clear that airlines will struggle to regain normal operation in the near future. The 

circumstances of how fast the recovery is going to be depends on government assistance 

programmes, vaccination protocol and how effective these vaccinations are. Those airlines that 

do not aggressively reshuffle risk losing long-term structural value. Crises have benefits; they 

assist people in understanding why and how a continuous and dynamic management system may 

enhance airline survivability in the future. 

6.7 Methodology 

The phrase ‘research design’ refers to a broad range of study components, including the 

‘philosophy’, ‘approach’, ‘strategy’, ‘method’ and ‘sampling plan’. Qualitative methods are 

descriptive and enable the researcher to obtain a thorough understanding of a phenomenon in 

its natural setting (Creswell & Poth, 2016). This strategy is referred to as a ‘brew’ of many 

approaches that work together to ‘get to the heart’ of a phenomenon (Denzin & Lincoln, 2007). 

The methodological literature concurs that several research designs are included in qualitative 

research (e.g. case studies, ethnography, grounded theory, narrative inquiry and 

phenomenology). Each has distinct methodologies for data gathering, analysis and design 

assumptions (Nolen & Talbert, 2011).  

In a sense, coding is a task that necessitates the researcher posing precise queries about the data 

(Bernard et al., 2016). A thematic coding analysis technique is derived from both deductive 

coding (themes obtained from the philosophical framework) and inductive coding (themes 

generated from participant conversations). Urquhart (2013) claims that saturation is ‘the 

moment in coding when you recognise that no new codes occur in the data’ (p. 192). Given (2016) 
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agrees that saturation happens when ‘more data doesn’t lead to any new emerging themes’ (p. 

135). We use a qualitative research design based on sentiment analysis to determine how 

subject-matter experts feel about the effect of COVID-19 and possible preventive measures.  

As part of the qualitative data analysis, opinions expressed via interviews and other sources were 

manually processed and categorised. We follow the advice of Tranfield et al. (2003) and offer 

further details on the approach used to analyse the interviews. Through the use of a word 

frequency query, the most frequently occurring words and phrases in the text are retrieved. 

Saunders et al. (2018) asserts that it is possible to find out which words and phrases are most 

important to the study by sorting the most used words and phrases from the text of the 

respondents. 

6.7.1 Pilot Study 

Conveniently, a major aviation conference was held in Saudi Arabia (Future Aviation Forum, May 

2022), providing an excellent opportunity to travel and meet/network with professionals from all 

around the globe. Even better, I managed to meet and conduct my pilot study with industry 

experts. People were delighted and supportive, and the reaction was overwhelming. Once the 

study was introduced, the questions were posed, and respondents were allowed to comment on 

how difficult or related each question was, as well as its practicality. With the exception of the 

trade openness-related question, which was altered to evaluate the future implications post-

COVID-19 on the operations of airlines, the rest of the questions were rated extremely useful and 

concise. The rationale for modifying the trade openness question is that it adds a third dimension 

to the arguments and is very specific to our first study findings, and most respondents did not 

want to remark on it. Instead, they advised that I explore how the future performance of airlines 

would be post-COVID-19. 

6.7.2 Sample Size and Questionnaires 

For the purpose of gathering primary data, a questionnaire with a series of open-ended, semi-

structured questions was utilised. The questionnaire consisted of 10 open-ended questions with 
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the goal of determining COVID-19’s impact on the industry. The sample size for the research was 

set at 15 experts as the intended number of participants. Nevertheless, I only managed to 

interview 13 experts. The research conducted by Vasileiou et al. (2018) was taken into account 

while determining the ideal sample size, as 12 and above might be regarded as ideal in qualitative 

investigations. In this research, data analysis was carried out using thematic analysis. By analysing 

and classifying recurring patterns, thematic analysis examines a collection of qualitative data to 

identify common themes. The questionnaire employed in this research additionally included a 

variety of inquiries designed to comprehend how the airline business evolved during and after 

COVID-19.  

The transcripts were read numerous times, and notes were taken from each one in order to 

identify any common themes. Our themes aided in the creation of specific codes based on the 

salient characteristics of the transcripts produced in response to each question, which was 

consistent with the objectives and aims of the research. The topics that could be adequately 

substantiated and specified were those that were chosen for the investigation. In order to explain 

the particular effects of the pandemic and how airlines have reacted to these changes, the results 

produced in accordance with the topics were ultimately presented with supporting transcripts. 

Last but not least, this study complied with all regulations pertaining to academic research’s 

ethical issues. The online Durham University ethical clearance was attained and approved from 

the study supervisors. The study’s aims, anticipated results and expectations from the interviews 

were all clearly outlined in an introduction email that was also provided to potential participants 

along with the questionnaire. A confidentiality form was distributed among them as evidence 

that their identities would be concealed in order to protect their privacy and that the feedback 

they provided would not be used for any private reasons or shared with anyone else in a way not 

already disclosed in the introductory letter. 

6.8 Findings 

6.8.1 Demographics Analysis 

Table 18 presents the demography of the respondents who participated in the interviews. 
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Table 18 Experts demographics 
   

Profession 
Experience/ 

Average Years No. of Participants 

Pilot 34 3 

Airline CEO (Founder) 30 3 

Aviation Lawyer 20 1 

Airline Industry Consultant  20 3 

Air Traffic Management 27 1 

Aero-Political Strategist 7 1 

Airline Safety & Planning  32 1 

6.8.2 Thematic Analysis 

The aviation industry saw a decline as a result of little to no travel and the control of international 

boundaries. Unconditional changes in many facets of life resulted from the COVID-19 shutdown. 

For airlines to survive and recover after the COVID-19 period, they need to change their economic 

and operational practices. This section examines the highs and lows experienced by the aviation 

industry and its stakeholders. The impact and transition are the subjects of this qualitative study, 

which is based on sentiment analysis of aviation industry specialists.  

In connection to our preliminary results, the expert responses focused on the following topics:  

• Perception of an evolving pattern of BMs in aviation  

• Current measures being taken to curb the descent caused by COVID-19 

• Employment-specific impacts  

• Collaborations as measures to mitigate future risks and uncertainties 

• Perception concerning oil price-specific impacts  

• Influence of COVID-19 on strategic implications  

6.8.3 Theme 1: Perception of an Evolving Pattern of BMs in Aviation 

The thematic analysis addresses the issues concerning the impact of COVID-19 on the airline 

industry and how it is revolutionising the industry. In light of this discussion, the transcripts of 

experts have been coded as per the pattern identified. The code that has been generated from 

the common pattern in the responses of the experts is presented in Table 19. 
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Table 19 Code generated from pattern in theme-1 
 

Common Pattern Code 

Higher financial viability through thinner routes 
 
Sustainability through cost efficiency (hybrid approach) 
 
Evolved business recovery through system transformation  
 
Technology in use 
 
The leisure and business sector impacted  

Evolving pattern of BM in aviation 

There was a prevalence of common patterns in the major experts’ sentiments, wherein cost 

efficiency and the need for financial viability were repeatedly stated. Further, sustainability and 

the evolution of a transformed system due to technology and disruption were also recurrent. 

 

 

 

 

 

 

 

COVID-19 is reshaping civil aviation worldwide, and there is a huge transition in the way the 

aviation industry is perceived. The objectives of the aviation industry have shifted from profit-

making and providing a delightful experience to a more concrete and sustainable function. 

Aviation players have realised the need to recoup in such a way that significant dependency on 

fixed and rigid systems can be reduced. The analysis reflects the hub-and-spoke model as being 

vulnerable to risks, and lean substitutes will find better methods in the upcoming revolutionised 

aviation arena. The conventional, intricate and heavy BMs need to be transformed and ways to 

Figure 4 Perception of evolving pattern of business model 
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reduce their costs must be found. Expert 8 highlights that ‘the experience gained in cost 

reductions will probably be the main change to the business model of most airlines. Post-COVID, 

there is a realisation that airlines need to adapt to a more comprehensive, cost-efficient system, 

wherein a balanced financial recovery can be ensured. Those airlines that have strategically kept 

their ticket prices competitive and incentivised travel plans post-COVID have been able to survive 

in the time of less travel, thereby bringing the prospect of stability.  

Legacy airlines and flag carriers have realised the need to transform their structure and modify 

operations so that low-cost, lean and flexible management can be adapted as per the needs of 

the changing times. Low-cost airlines, on the other hand, do not need to make major changes 

because their operations are moderate, flexible and technologically lean and efficient. Expert 3 

discussed the importance of ULH (ultra-long-haul) flights and said, ‘Recent trends in aircraft 

procurement point to the smaller, more fuel-efficient’. Due to the abrupt economic downturn 

and the severe hit faced by the airline industry, using new aircraft to fly economically viable, 

thinner and longer routes is considered to be more effective than conventional aircraft. 

Technology is rapidly taking over almost all industries worldwide, making a gradual 

transformation in the overall techno-based infrastructure of countries (George et al., 2021). 

Similarly, in aviation, businesses have evolved from traditional manual patterns to a 

technologically advanced system with lower costs.  

Expert 7 stated, ‘The lines between low-cost carriers and premium carriers will become narrower 

due to cost inputs. Airlines need to evolve as an integrated system so that they not only develop 

competitive relations but simultaneously a healthy growing environment that can benefit all, as 

suggested by Expert 9, he stated, ‘Full-service carriers and low-cost carrier models will get closer’. 

When the gap between FSCs and LCCs is narrowed, the fundamental financial obstacles as 

realised by companies during the pandemic can be minimised in the future. It is very imperative 

for airline companies to evolve with the passage of time as per the demand of the market and 

adapt to the changing environment in which they flourished pre-COVID.  
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The leisure sector saw a major setback, as the pandemic brought fear to travellers. However, 

post-COVID, premium leisure travel will recover soon, as people have a zest for travel, and it will 

help the sector recover fast. Expert 3 revealed, ‘There is a possibility that there would be an 

increase in the number of premium leisure passengers since individuals would choose to utilise 

seats that are broader and less crowded premium cabins. Furthermore, post-COVID, business 

sector travel will decrease as businesses shift to online and remote working cultures, potentially 

leading to a slower recovery in business travel. Expert 2 felt the business sector will see a 

declining number of travellers and stated, ‘Without a doubt, business, given that the number of 

people travelling for business purposes will decrease as a result of the rise of virtual meeting 

technologies.  

Thus, summing up, as an impact of COVID-19, aviation has evolved, and the demand for a 

changing pattern of business is needed in this industry. There is an intrinsic need for low-cost, 

lean and fuel-efficient systems so that material and operational costs can be minimised. It is 

important to acclimatise to meet the needs of travellers after a pandemic, which means adapting 

to routes that are sustainable, digitalised and longer but thinner. By narrowing the gap between 

high-end flag carrier aircraft and low-cost lean operations, an integrated, sustainable and flexible 

system can be evolved that would adapt to the rapidly changing face of industries nowadays. 

6.8.4 Theme 2: Current Measures Being Taken to Curb the Descent Caused by COVID-19 

The qualitative analysis underlines the issues at hand to highlight the impact of COVID-19 on the 

airline industry and how it is revolutionising the industry. The transcripts of experts and the coded 

description as per the pattern identified are presented in Table 20. 

Table 20 Code as per the pattern in theme-2 
 

Common Pattern Code 

Cost of plane tickets 
 
Safety and health needs  
 
Recover losses 
 
Vaccine campaigns 

The current measures taken to curb the descent 
caused by COVID-19 
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There was a prevalence of common patterns in the statements and revelations, wherein the cost 

of tickets and fare prices and the need for safety measures due to the pandemic were given 

importance by the majority of experts. Further, recovery of losses also was highlighted in the 

analysis.  

 

 

 

 

 

 

 

 

The post-COVID airline-based organisations have strategised, restructured and modified their 

daily operations and infrastructure in such a way that the long-term position of the companies 

can be secured. Heavy debts, losses and downturns in aviation can be limited by ticket price rises 

so that the viability of economic bounce-back can be increased. In the analysis, it was observed 

that the majority of experts suggested possible price rises as a measure to curb the descent 

caused by the pandemic. Expert 12 replied to this concern and said, ‘YES, for sure. Airlines are 

making money nowadays because people have not flown for a long time’. However, there is a 

strong yearning in the airline sector to attract traffic, and for that, it is imperative that travel and 

tickets are incentivised. For that purpose, initially, airlines may keep the prices low, but there is 

a requirement to increase the prices to secure the health needs of travellers in current times. 

Further, Expert 7 considers oil prices and the situation of war to be responsible for the rise in 

prices for airlines and stated, ‘Yes, because of the war and oil price rise’. War caused an increase 

Figure 5 Current measures to recover from COVID-19 
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in the price of oil, which inflated airfares. Other factors affecting airlines include inflation rate 

and increases in airport taxes. As a result, airlines are taking immediate measures to increase 

ticket prices to balance their expenses. To promote a sustainable trajectory, the government is 

also aiding the airlines and vaccination drives all across Europe and other continents, which may 

heal the impacts created by COVID-19 in less time.  

The descent caused by the pandemic will have a slight influence on business travel needs as major 

operations worldwide shift to online platforms and virtual modes. In this respect, Expert 1 stated, 

‘As soon as the vaccination campaigns around the world come to a complete or near-complete, 

we will see progress’. Further, Expert 4 felt the country, the region, and the airline to be a 

significant factor determining the pace of the recovery of aviation post-COVID. He stated, ‘It all 

depends on the origins and the BM of the airline. During COVID-19, Southwest Airlines was the 

largest carrier in the United States’. Thus, the recovery of airlines from the impact of COVID-19 

largely depends on the country and the airline firm that has brought the least disruption to their 

customers, employees and the nation. When airline firms are stable during the downturn phase, 

it stabilises their brand value in the eyes of the stakeholders, making the company sustainable. If 

airlines and the economy had considered value-based norms and policies during COVID-19, 

people would have returned with a good appetite to travel. Nations such as China minimised 

their variable payloads but did not downsize their workforce, thereby making it easier for them 

to recover their losses in less time.  

Summing up, it can be said that airlines have adopted various measures to recover from the 

pandemic’s impact, and some of these measures include ticket price revision, incentivising travel 

plans and offering additional precautions to satisfy the health protocols and safety needs of 

travellers. With these measures, they are able to recover their losses, and domestic travel 

especially can recover fast, while international travel is soon expected to reach pre-pandemic 

levels. Due to government support, balanced workforce management and ease of regulations, 

recovery of the domestic and international sectors is soon expected. 
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6.8.5 Theme 3: Employment-Specific Impacts  

The ongoing thematic analysis considers employment impacts an important issue to be included 

and understands how they are revolutionising the industry. The transcripts of experts and the 

coded description as per the pattern identified are presented in Table 21. 

Table 21 Code as pattern identified for theme-3 
 

Common Pattern Code 

Job loss 
 
Uncertainty 
 
Shortage of pilots, cabin crew, technical staff 

Employment-specific impacts 

Common patterns were identified in the statements and sentiments of experts, wherein the job 

losses and uncertainty associated with disruption were repeated several times. Staff shortages, 

especially for pilots, technical staff and cabin crew, were also considered important by most 

experts. 

 

 

 

 

 

 

Airline employment saw the most brutal and shocking downsizing in the wake of the current 

global pandemic. The hardest hit were passenger handling and flight operations, and slightly 

lesser impacts were seen in management employees. Due to these indefinite timelines of job 

security, airlines are foreseeing an HR shortage, and it may continue to take place as people lose 

faith in sectors where employee layoffs, renegotiations of labour contracts and continual job 

Figure 6 Employment - specific impacts 
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losses are common. In this respect, Expert 7 said, ‘Many airlines are scrambling to find trained 

pilots and ground staff to meet the sudden spurt in domestic travel demand’. Due to the 

wounded stimulus of separated and surviving employees, a scarcity of employees is prevalent 

post-COVID, as it is not easy to train aeronautical professionals in a short time. However, many 

existing employees reconsidered their employment contracts, but this situation created an 

overall afterthought in airline labour for the uncertainty of work, salary and security. Expert 3 

revealed, ‘There is a good chance that some companies may reconsider their existing 

employment contracts because of the unpredictability and the potential loss of jobs’. A shortage 

of cabin crew staff is most dominantly seen in airlines, and there is a shortage of young talent 

due to a lack of sustainability. Also, it was observed that many workers are assigned out-of-base 

duties to compensate for the shortage caused by the unavailability of cabin crew members. 

Expert 11 stated, ‘This is an important question for safety; it’s my main concern that there are 

not enough people with the necessary skills, training, and crew resource management [CRM]’. 

Unskilled employees and technical staff shortages can create long-term challenges for the 

aviation sector, and therefore, as per the observations from experts, there is an intrinsic need to 

transform HR policies and practices and make them more sustainable. Employee retrenchment 

is not fruit-bearing for aviation, as it may create a skill gap in the industry that can have 

catastrophic results. This issue can be curbed with the help of pay revisions, lucrative 

compensation and job security for cabin crew, pilots, ground staff and technical support teams.  

COVID-19 brought extreme employment issues, resulting in the retrenchment of middle-level 

and lower-level employees, and this volatility in the sector requires urgent attention from 

professionals post-COVID. Employees at major airlines were hit hard during the global pandemic 

and, as a likely response to this, there is a staff shortage, especially for pilots, cabin crew and 

technical support. Therefore, the airline industry needs to rethink their HR practices concerning 

these uncertain times. There is a need to reduce the magnitude of employees’ damage caused 

by job losses and to search for more optimal and sustainable ways out. Training and competency 

are of the utmost need for this sector, and therefore, it is required that HR practices and 

employment goals be made more employee-centric after the revolution caused by COVID-19. 
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6.8.6 Theme 4: Collaborations as Measures to Mitigate Future Risks and Uncertainties 

The analysis of the outbreak of COVID-19 and its impacts highlights collaboration as an imperative 

measure to curb risks. The transcripts of aviation professionals and the coded descriptions as per 

the pattern identified are presented in Table 22. 

Table 22 Code identified as per pattern in theme-4 
 

Common Pattern Code 

Alliances 
 
Mergers 
 
Consolidated approach 

Collaboration as a measure to mitigate future risks and 
uncertainties 

Common patterns were identified in the statements and sentiments of experts, wherein mergers 

and consolidated approaches were repeated several times. Establishing alliances with other 

airlines, hotels and other companies involved in hospitality was also considered important by 

most experts. 

 

 

 

 

 

 

 

It is important for the aviation sector to address the preliminary issues with the help of solutions 

driven by a sustainable and integrated approach that could stabilise the sector and bring 

exponential value-added stimulus from employees, customers and the community. For this, 

Figure 7 Collaboration as measure to mitigate future Risks and uncertainties 
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alliances and partnerships to mitigate the risks and balance the displaced aviation industry are 

imperative. Better collaboration and global cooperation can bring ripe solutions to the 

diminishing competence of airlines. In this regard, Expert 6 suggested, ‘Establish alliances with 

actors from other segments or industries, such as hotels or mobility companies, cultural activities 

agencies, some public bodies or health centres’. By evaluating the opinion of an expert, it can be 

said that the issues of interest will obtain an integrated approach and holistic interrelated 

dynamics will be created by external players, thereby making the airline and aviation sector much 

more stable and fundamentally balanced. It will also accelerate workforce management and 

create a continuum of operations, as industries being interlinked will lessen the impacts and 

prepare the industries for any further disruption. Further, Expert 2 also stated, ‘We may expect 

to see a rise in alliances and cooperation in the near future’. Airlines need to reduce their 

overhead costs, and for that purpose, alliances play a vital role. Alliances seize the revenue drop 

faced by companies and protect flag carriers from major losses during any disruption. 

Collaborations with other airlines may also merge and consolidate goals, inducing easy filling of 

seats and prevention of losses for airlines. Expert 3 expressed this need and said, ‘The aviation 

sector has to open itself up to a greater degree of cooperation and partnership. I am sure we will 

see more cooperation in the future and more consolidations between airlines’. When airlines 

share planning and an integrated approach towards passenger and cargo, cost efficiency, 

competitive advantage, maximum utilisation of resources and defence against future disruptions 

will increase.  

Thus, summing up, it can be said that mergers and cooperation from other entities can minimise 

the risks created by the pandemic in the aviation sector. The sector saw the hardest hit, and it is 

important to sustain disruptions and create a stronger and more resilient system in which the 

competitive viewpoint transition into a collaborative, value-based and integrated approach, 

wherein optimisation of structure can be achieved. With the help of the above-mentioned small 

and big revisualisations of the aviation transformation, stake owners can sustain hybrid 

operations and be environmentally sound and responsible. Already, airlines are sharing and 

utilising the big data concerning vaccination status and other documentation work, creating a 

standardised process, but there is still a larger scope for the creation of an integrated approach 



162 

 

that may lead to no waste of resources, effective utilisation of cargo and passenger flights and 

result in a sustained and consolidated group of airlines for the future. 

6.8.7 Theme 5: Perception Concerning Oil Price-Specific Impacts  

The thematic analysis herein highlights the perception of professionals concerning oil prices and 

related impacts. The transcripts of aviation professionals and the coded description as per the 

patterns identified are presented in Table 23. 

Table 23 Code identified as per pattern in theme-5 
 

Common Pattern Code 

Fuel emission 
 
War, price rise 
 
Global crisis  
 
Sustainability  

Oil price-specific impacts 

There were recurring themes in the opinions and remarks of experts, and the bulk of them 

emphasised the spikes in oil prices brought on by the conflict between the Ukraine and Russia. 

On a number of occasions, the necessity for sustainable fuel and the world crisis were also 

mentioned. 

 

 

 

 

 

 

Figure 8 Oil Prices-specific impacts 
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COVID-19 had a gradual impact on many industries in various ways. There are several 

unprecedented outcomes arising out of the revolution caused by the pandemic. Sustainability 

has emerged as a need that could withstand any disruption, and therefore, aviation must opt for 

sustainable options for fuel capacity build-up. COVID-19 has provided an opportunity to consider 

the various ways in which exceptional transformations can be imagined. Expert 9 exclaimed the 

seriousness of fuel sustainability and stated, ‘This industry needs to become serious about 

developing a global solution to sustainable aviation fuel [SAF]’. There are long-term and 

exponential setbacks to conventional fuel utility and the industry must shift to SAF.  

The next market for aviation fuel will be green hydrogen technology, and electricity-based 

solutions must be found to build a global infrastructure for zero-carbon fuel. Further, fuel prices 

saw a major impact due to increased turbulence in fuel supply as a result of the Ukraine–Russia 

war, leading to a fuel price rise. Expert 5 revealed, ‘Fuel is sensitive to political situations, and the 

current war is affecting the price of it’. Airlines and other organisations are engaging in hedging 

to protect themselves against rising prices. With the prolonged war and its repercussions on fuel 

prices, future fuel-based impacts can be curbed with hedging against the soaring prices, as there 

are no chances of slowing down prices. The airline industry has already suffered a setback as a 

result of COVID-19; therefore, it is critical to address fuel price issues so that customers and 

travellers are not burdened with a price increase.  

On this matter, Expert 5 stated, ‘Qatar Airways CEO Akbar issued a warning of another recession 

if fuel prices continue to go up’. Expert 2 revealed the financial pain of the aviation sector and 

stated, ‘Fuel is a significant expense that frequently accounts for 20%–30% of an airline’s overall 

operating expenses. The financial linkage between jet fuel supplies and prices makes it difficult 

for airline operators to curb economic losses worldwide (Melas & Melasová, 2020). Thus, it can 

be said that fuel prices have a huge impact on airlines, and to curb these significant losses, 

hedging, SAF and efficient operations with new technology can provide the necessary results. 
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6.8.8 Theme 6: Influence of COVID-19 on Strategic Implications  

The analysis based on the transcripts highlights the perception of professionals on the strategic 

implications desired by the aviation sector. The statements of aviation professionals and the 

coded description as per the identified pattern are presented in Table 24. 

Table 24 Code identified as per pattern in theme-6 
 

Common Pattern Code 

Paperless operations  
 
Technology 
 
Hybrid model 
 
Cargo operations  

Strategic implications  

Common patterns were identified in the transcripts of the experts, wherein the majority of 

experts highlighted the need for data-driven, cargo-orientated, paperless operations, as 

technology can be helpful in the current times.  

 

 

 

 

 

 

 

There are unprecedented opportunities in the airline sector if efforts are made towards a change 

in their strategic implications and operations. For better utilisation of the nature and extent of 

aviation, it is highly important that government interventions be reduced to enable companies 

Figure 9 Strategic implications 
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to transform and adapt to modern-day cultures. Expert 11 explained, ‘There are some 

exceptions, but generally speaking, support from governments will continue to play an important 

role’. Support from the government and their engagement provides huge aid in the case of 

bankruptcy or economic crisis, but strategic growth and transitions are the outcomes of the 

liberal outlook of airline companies to lead by remarkable difference.  

The strategic change brought by COVID-19 is largely going to influence the airline industry and 

the travelling public in the long run. Expert 1 stated, ‘Technology that can recognise people’s 

faces is quickly becoming standard at airports across the world, this technology is efficient in 

expediting a variety of operations while also removing potential hazards to airport security’. 

When companies remove barriers to change and shift to a newer and easier solution, a feeling of 

trust is inspired in the stakeholder and the owners involved, thereby boosting their economic 

positions. Therefore, strategic implications concerning facial recognition, paperless travel, 

robotics and the usage of big data bring materialistic and cognitive benefits to the involved 

travellers and communities. Expert 5 suggested that ‘cargo activity will continue growing due to 

the expansion of e-commerce in all markets. The tendency of governments will be to open and 

facilitate the travel process due to the impact it has on their economies’.  

Thus, it can be said that whether it is international or domestic travel, airline companies need to 

re-evaluate their plans and create a better setup that is more extensively prepared for future 

disruptions. Offering delightful services to leisure travellers in attractive packages will attract 

more passengers, and airlines should restructure according to new models that combine fuel 

efficiency, technology, a collaborative network and strategic implications for environmental 

sustainability. Finally, if airline companies’ strategies towards data-driven, action-orientated 

planning, then the growing demand for aviation in cargo or leisure can be supplied to derive 

stable and fruitful results. 

6.9 Discussion 

The outbreak of COVID-19 disrupted many industries and was hardest on the aviation industry. 

It was also an opportunity to blend in a wide array of technological and BM changes that could 



166 

 

be more sustainable and flexible for future disruptions. With heavy build-up and large material 

costs, airlines saw a steep downturn and realised organisations need to switch their ways and 

transform towards more cost-efficient, lean airlines. There was a rapid surge in air travel shocks, 

and the need for extra measures to become sustainable became evident (Morrell & Swan, 2006). 

Commercial passenger aviation saw a decline in travellers in both the leisure and business 

sectors, and technological advancements replaced the need for face-to-face meetings. All these 

attributes combined to create a burden on the sector, leading to job losses that impacted the 

quality and availability of staff. Aviation is a very delicate and intricate sector, and there is a strong 

need for a knowledgeable, competent, experienced and motivated workforce that can safeguard 

travellers worldwide.  

 

 

 

 

 

 

 

 

 

 

 

Therefore, aviation must shift from conventional norms and operations to lean management and 

SAF so that sustainability can be derived. With a sustainable, fuel-efficient and transformed 

structure, the impact of disruptions can be minimised. Apart from this, the aviation sector, in 

collaboration with other companies from hospitality, can emerge as a strengthened and 

integrated system, wherein catastrophic outcomes can be curbed. In the short term, the goals of 

aviation have been focused on providing precise services to travellers with maximum benefit at 

Figure 10 Measure taken by aviation industry and future implications 
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lower cost. Furthermore, the long-term aspirations of airline companies towards increased 

expenditures, acquisitions and the purchase of new highly efficient aircraft that run on green fuel 

will undoubtedly secure the industry’s long-term viability. During the pandemic, it was 

understood that investments in cost efficiency, technical advancement, strategic partnerships, 

and innovative and lean BMs are critical in times of crisis.  

When the aviation sector allows technology to penetrate deep inside and lead the system 

automatically, the industry will continuously grow and modify its operations. Today, robotics, 

paperless operations, global face recognition, the elimination of passports and other lucrative 

and strategic steps are needed to minimise customer hassles and attract more and more 

travellers to air travel platforms. Without the involvement of the government, none of these 

changes and revolutions would be possible. In order to ensure financial stability and support for 

the aviation industry’s fragile performance, the government must provide low-cost financing for 

long-term investments and aid technological development from its infancy to mature 

applications. 

6.10 Policy Implications 

This section presents the various policies and implications that highlight the necessary 

transformations that can aid the industry. A summary of the main recommendations is presented 

in Table 25. 

Table 25 Recommendations for future policies and implications 
 

Policy/ 
Implication 

Economic Policy Infrastructure-Based 
Outlook 

Environmental 
Policy 

Long-Term Implications 

Recommendations - Fuel pricing 
- Hedging 
- Operational and 

maintenance 
cost reductions 

- Retiring old aircraft 
- New LCCs with longer 

thinner routes 
- Robotic and artificial 

intelligence-based facial 
recognition tools 

- A transformed and 
upgraded infrastructure 

- Sustainable 
fuel 
alternatives 

- The usage of 
green 
hydrogen 
technology 

- Focus on market 
expansion 

- Dominating cargo-
based BM 

- Merger and 
collaborations 

- Low-cost financing 
options 
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There is an urgent need to develop an integrated aviation system in order to avert future 

problems. COVID-19 arrived as a reformer, bringing many important realisations to people about 

the environment and sustainability. Economic policy, the infrastructure-based perspective, 

environmental policy and the long-term model-based implications are some policy implications 

that might lead to better results. Economic measures, such as fuel pricing and hedging, should 

be established as a remedy, and there should be a greater price cap on the amount that may be 

charged to travellers (Morrell & Swan, 2006).  

Furthermore, operating and maintenance expenses should be lowered, leading to the creation 

of lean systems. Based on the infrastructure perspective, existing aircraft should be slowly 

phased out, and new low-cost alternatives with longer, thinner route capabilities should be 

brought into service. To supplement current demand, robotics and artificial intelligence-based 

face recognition systems should be adopted as a transformed and enhanced infrastructure. 

Furthermore, environmental policy should emphasise the use of second-generation biofuel 

alternatives and green hydrogen technologies to enable aviation fuelling (AbouSeada & Hatem, 

2022). Finally, strategies that have long-term model-based effects, such as market expansion, 

dominantly cargo-based BMs, combining and acquiring systems to create a more stable network 

and low-cost financing options, may result in a sustained global trend with a greater magnitude 

and a broader spectrum for the future airline industry. 

6.11  Chapter Conclusion 

The majority of countries think that investing in the aviation industry is in their national interest 

because of the positive effects it has on GDP, jobs and other industries that may gain from global 

connectivity. After suffering a precipitous fall in operations due to the broad disruption caused 

by COVID-19, the aviation sector is now engaged in an intensive recovery effort. Several 

migrations have previously been completed by airline firms in order to keep the process running 

smoothly. However, there is an inherent necessity in aviation to adapt the BM. Experts continue 

to emphasise the importance of technical breakthroughs. The industry must work on methods to 

improve and automate the process in order to save more money and restore traveller trust. 
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Furthermore, there were serious worries about the employment situation; a lack of worker 

motivation and job instability have created a significant gap in aviation. These exacerbated issues 

must be addressed seriously, and with the help of a comprehensive strategy, aviation can 

become more sustainable and withstand future transformations in a more coordinated and 

stable manner.  

Managing the storm’s aftermath while simultaneously establishing a firm foundation for a long-

term position is surely a difficult task. There are serious uncertainties about whether these 

transient behavioural alterations will survive beyond the pandemic era. However, as many 

airlines discovered in the aftermath of the 2001–2003 crisis, just surviving the storm does not 

guarantee recovery success. Scenario analysis can help airlines better prepare for future events 

and refine their profiles. Long-term performance will be determined by how airlines cope with 

change, rather than just responding to it. 
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Chapter 7 Conclusion 

This research examined the operational efficiency and productivity of 35 major airlines by 

benchmarking them using the DEA and bootstrap methods. The STP was employed to investigate 

the effects of the three tripod components – industry, resources and institutions – and measure 

their impact on airline efficiency. Due to the COVID-19 outbreak, chapter-6 of the study takes a 

qualitative approach and uses semi-structured interviews with subject-matter specialists to look 

at how COVID-19 has affected the findings from the first part.  

7.1 Summary of Findings 

7.1.1 Relative Differences in Airlines’ Optimal Efficiency and Productivity  

DEA is a compelling method for benchmarking entities.  This method is extremely useful since it 

makes use of multiple inputs and outputs without specified measurement units. DEA and the 

Malmquist index provide an overview of the technical, technological and productivity changes 

over time, thus giving us a longitudinal outline of the performance of our airline sample.  

Key Findings: 

Airlines operate in a very competitive environment, whether operating under the FSC or LLC. The 

challenging and competitive nature of the business has led airline BMs to converge into a blurry 

distinction. Airline efficiency is the ability of organisations to maximise their production by 

reducing costs. From the DEA assessment, it is derived that many airlines, though performing 

effectively, still need to focus more on employee number, load factor, and RPK for better 

efficiency derivation. 

Our results reveal that European airlines are the most efficient followed by those in the Asia-

Pacific region. Their technical efficiency contributes significantly to the success of most airlines 

in these two regions. Of the 12 airlines operating in the European region, nine operate with a 

productivity of more than 100%. 
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In North and South America, airlines’ technological change is the primary contributor to their 

productivity. On the other hand, technical efficiency is the main contributor to productivity in the 

Middle East and the Asia-Pacific region. 

For African airlines, technical efficiency and technological innovation are low, making the regional 

aviation industry less productive. 

7.1.2 Industry Factors that Influence an Airline’s Efficiency and Productivity 

The industry factors are the ones wherein business conditions are examined for better 

information to a large extent about firms’ strategy or performance. As airlines are one of the 

significant contributors to prosperity and economic growth, improving performance requires 

consideration of factors such as the airline’s BM, jet fuel cost, and competition.  

Key Findings: 

The FY2011–FY2018 reveals that competition is one aspect that tends to pressure airlines to 

innovate. Yet, as competition is difficult to quantify and constantly varies over time, the results 

show no significance of this variable on airline efficiency. The complexity of measuring 

competition in the airline industry is another factor that hampers the accuracy of the results. 

Jet fuel costs positively affect technical efficiency; i.e., a rise in the cost of fuel shifts the focus of 

airlines from innovation activities or productivity to improving efforts and motivates airlines to 

enhance efficiency by switching to more technically efficient (low fuel-consuming) methods and 

more efficient aircraft. Therefore, one of the essential components that lead to airline efficiency 

is jet fuel cost. Fuel costs are a major portion of airline expenses. The survival of an airline is 

incredibly reliant on how efficiently jet fuel costs are managed. Additionally, a rapid increase in 

airfares occurs when fuel prices rise. However, there is a slower response in the other direction 

because airfares have statistically significant asymmetric effects on the demand for air travel. 

The airline BM is critical to the airline’s performance; the airline’s operational level should 

determine the sort of model to use. Whether operating in a large domestic market or competing 
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on a global scale, FSCs need to find ways to close the gap and use a hybrid approach to keep 

people from switching to LCCs. 

The BM has a direct role in technical efficiency, as the LCC model contributes to controlling 

airlines’ cost structures. A critical element of their success relates to their high labour productivity 

compared with traditional airlines. Additionally, these airlines typically operate with shorter 

ground times, translating directly into higher aircraft utilisation rates. 

7.1.3 Resource Factors that Influence an Airline’s Efficiency and Productivity  

Resources are the available internal capabilities of airlines, contributing to their efficiency, 

strategy and competitive advantage. As in airlines, the resources required for functioning are 

costly; thus, to tackle the challenges and meet the needs of the dynamic environment, the focus 

needs to be on these valuable resource factors, including employee numbers, ownership, 

location (connectivity) and membership in global alliances.  

Key Findings: 

The formation of alliances is a logical continuation of the development of hub-and-spoke 

networks. Alliances allow airlines to increase the number of destinations in their network without 

increasing the number of flights and increase passenger density in their home network by 

channelling passengers from their alliance partner’s home network through its hub and vice 

versa. Again, because of economies of density, this raises load factors and lowers average costs 

for all alliance partners. 

The rise in employee numbers contributes to improving technical capabilities with the availability 

of a more skilled workforce; thus, alliances and employees are resources contributing to airlines’ 

efficiency. Larger airlines are more efficient due to economies of scale “cost advantages”. 

Ownership and location (connectivity) have no significant effect on airlines’ technical efficiency. 

When two BMs are combined, connectivity becomes less important because most LCCs do not 

have a network with a lot of connections, instead relying heavily on point-to-point service. 
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Offering better connectivity at the expense of lower network efficiency gives airlines the option 

to charge premium prices and attract customers who value connectivity. Improved ‘network 

coverage’ benefits all airlines up to a saturation point. Beyond the saturation point, all airlines 

are equally affected by congestion and limited connectivity. 

7.1.4 Institutional Factors that Impact the Efficiency and Productivity of an Airline 

There exists a dependency between macroenvironmental forces and air transport output. The 

success of a country in leveraging the air transport sector to achieve its desired economic and 

social goals will depend on its overall environment, including political and security stability, 

market efficiency, market size and labour market. Institutional factors are the external influences 

that govern and exert pressure on enterprise operations. As these characteristics may impact 

airline efficiency, we analysed destination attractiveness using global indices: 

Key Findings: 

An examination of FY2011–FY2018 performance of the four institutional variables revealed that 

only trade openness affects technical efficiency. Trade openness results in the removal of 

restrictions, increase in competition and the use of less expensive products to provide low-cost 

services; thus, trade openness reduces existing technical efficiency. When a country opens its 

economy, either to a large market or to a regional Open Skies agreement, a lot of pressure may 

be placed on airline operations, forcing them to lower their standards to remain afloat. 

Factors such as visa openness indicators, EFW, and TTCI results are not significant; therefore, for 

this study at least, we can conclude that they do not directly contribute to airline efficiency. 

The split between the European region and the rest of the world reveals important differences 

in the results. The analysis of employment is a contributor to efficiency in Europe compared with 

the analysis of the rest of the world; this indicates the strong nature of the workforce unions in 

Europe. 

The comparison of the rest of the world’s airlines with European airlines indicates that being a 

member of a global alliance has the same impact on both European and the rest of the world’s 
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airlines. However, trade openness and employment are aspects that affect European airlines’ 

technical efficiency, though they have no obvious role in the rest of the world’s airlines. In reality, 

the European region has strong institutional forces and a more diverse environment that play a 

big part in the efficiency of airlines. This means that airlines operating in Europe have the extra 

burden of having to cater to their resources and operating environments to derive better 

efficiency. In other words, there should be more emphasis on institutional-, industrial-, and 

resource-based factors when operating in the European region. At the same time, for the time 

being at least, the rest of the world should mainly focus on industrial-and resource-based factors 

and less on institutional forces. 

7.1.5 Use of the Strategy Tripod in Determining Airline Efficiency 

Although many researchers have used the STP perspective, few have explored the tripod three 

legs in the airline industry (Cui, Jiang, and Stening, 2011; Ju, Zhao, and Wang, 2014). Attempting 

to assess the relationship in a single study empirically is an additional contribution to the STP and 

airline efficiency. Investigating challenging and complicated businesses should exploit the STP 

advantage (Peng et al., 2009; Yamakawa, Peng, and Deeds, 2008).  

Airlines must efficiently use different resources, institutional, and industry-specific elements 

depending on how and where they operate. The overall results demonstrates that airline 

resource repertoires and industry conditions significantly affect airline efficiency more than 

institutional factors. This finding is not unexpected, given that resources and industrial 

components account for a considerable proportion of airline operations.  

To the best of my knowledge, there has been relatively little research on the empirical 

examination of airline efficiency utilising the STP and DEA in one study. Strategic choices rely 

heavily on the interplay between the tripod's three legs to better understand complex business-

like airlines. The advantage that the STP has is in the integration of the three legs of the tripod. 

Previous studies based on the tripod method frequently employ the three legs separately, with 

little research assessing their impact on one study.  

Key Findings: 
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Theoretical contributions include an examination of how the institutional contexts of a 

destination may influence airline efficiency in ways other than the usual investigation of industry 

and resource variables.  

There is no one-size-fits-all solution that can be applied to global settings. Research in the global 

airline industry should note that institutional, industrial and resource forces vary significantly 

from country to country. We have effectively integrated the three legs of the STP into a single 

model and examined how these variables interact. Understanding the intricacies of a global 

airline sample requires a combination of resource-based, industry-based and institutional-based 

views. 

The study provides empirical evidence for STP applications in complicated operational 

environments, such as the airline industry. 

Finally, although employing the STP to investigate complex phenomena is very beneficial, it lacks 

unified measurements. It is vital to ensure that variable limits are correctly specified while 

examining global phenomena to prevent widening the study area and yielding weaker findings. 

7.1.6  Impact of COVID-19 on the Airline Industry  

The international aviation industry has been severely hit – first by the COVID-19 outbreak and 

second by various national measures adopted across the globe to contain the pandemic. In 

particular, these circumstances have drastically affected passenger transportation. The pandemic 

showed that any sector of economic activity should never underestimate the external 

environment, which is an uncontrollable variable, thus leading companies to demonstrate 

flexibility and adaptability without losing sight of the focus of efficiency. There are no miracle 

recipes, but reinventing the BM is a matter of survival for companies. We live in the ‘age of 

experience’, when customers continue to be the focus of the business strategy. It is imperative 

to ensure business continuity through preparation, response and adaptation to recover from 

these shocks. 

Key Findings: 
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Airline companies have realised that the only way for them to exist in the future is to reinvent 

their BM and to continually adapt to external shocks. Since each region and country has unique 

characteristics, no approach or technique can be used universally to tackle the outbreak. 

The importance of airline personnel raises the prospect of a talent gap developing in the sector, 

which might have disastrous effects. Pay adjustments, profitable remuneration, and job stability 

for cabin crew, pilots, ground employees, and technical support teams may all assist in preventing 

this problem. 

Airlines should collaborate on their planning and create an integrated strategy for both passenger 

travel and cargo. This guarantees cost-effectiveness, competitive advantage, optimal resource 

utilisation and defence against potential disruptions. 

Fuel efficiency and fuel management are of the utmost importance to airlines. Unfortunately, 

predicting future fuel prices is notoriously difficult and may even be risky. 

In order to ensure the long-term viability of their airlines, governments will constantly keep an 

eye on them, whether they grant direct or indirect support. 

When it comes to global initiatives to safeguard our environment, the aviation industry does not 

want to fall behind. It places a high priority on finding sustainable and alternative sources of 

energy. 

7.2 Theoretical Implications  

This study contributes theoretically and methodologically to the field of operational research and 

the global airline business. The DEA method is one of the best ways to measure and benchmark 

entities. Incorporating the DEA and the STP to measure airline efficiency can be further 

developed using more complicated versions of the DEA. The results of this study substantiated 

the significance of the STP as a theoretical instrument while researching international 

corporations.  

The research also makes a theoretical contribution to studies examining the influence of all three 

viewpoints. Indeed, this simultaneous examination expands upon past studies on airline 
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efficiency, enabling us to comprehend the interplay of variables across the three legs of the tripod 

and to give a holistic perspective on airline efficiency beyond the traditional resource- and 

industry-based aspects. This investigation is the first to apply the STP to explore airline efficiency; 

using such a theory may help improve knowledge of how efficiently airlines operate.  

The results of this study may be helpful to a wide range of individuals, such as those who make 

decisions on aviation policy, airline owners, airline management, airport authorities, members of 

national economic boards, consultants and other strategic planning experts.  

7.3 Practical Implications  

This study has provided genuine, data-driven information using analytical approaches to assess 

airline operational efficiency. While DEA has been extensively used to assess airline efficiency, 

including the STP to analyse the three views simultaneously is a significant achievement. This 

study provides participants in the airline industry and decision-makers engaged in regulatory 

activities with enhanced techniques to analyse and compare airline efficiency. An airline may use 

the facts and options presented in this study to determine if adjustments specific to their airline 

would be more effective. Similarly, an airline using the FSC, LCC or point-to-point BM could use 

the model to assess their efficiency before deciding on a business improvement strategy based 

on the relative efficiencies of their competitors in the same market. Finally, policymakers should 

evaluate how loosening trade rules might harm airline efficiency. People in charge of airlines 

should be aware that operating in a regional environment or a free trade zone might distort 

airline performance. 

Airlines link individuals, nations, and cultures, giving them access to the global marketplace. 

Moreover, restrictions on cross-border travel may effectively prevent the spread of illnesses and 

save lives. COVID-19 has nonetheless caused severe but inevitable flight interruptions that have 

had disastrous effects on the aviation industry. Therefore, the results of this research may be 

utilised to evaluate the success of the lockdown policy from the viewpoint of the aviation industry 

and as practical evidence to assist governments in developing future pandemic control and risk 

assessment policies. Both the industry and governments should strategise on how to better 
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support the industry’s resilience during times of crisis when travel restrictions are imposed, as 

well as how to manage the costs of implementing such control measures post-pandemic. 

Tourism and mobility are directly impacted by the political, geographic, and management 

decisions of global health organisations. The current spread of COVID-19 has generated concerns 

about public health, politics, human rights, geopolitics, and movements that need further 

investigation. In times of crisis, there is an urgent need to preserve HR in the airline business and 

work closely with civil aviation authorities to enhance training and currency.  

7.4 Recommendations 

It must be recognised that aviation is a strategically vital industry that supports several 

sustainable development goals and, as such, must be an essential element of the development 

policies established by regions and individual governments. This study focused on exploring the 

operational efficiency and productivity of the global airline industry. Thus, with the derived 

outcomes about the aspects influencing performance, the strategies below are suggested for 

attaining more optimal management of operations. 

Technical efficiency is the main contributor impacting the productivity of airlines; thus, efforts 

such as flight operations optimisation, disruption management, and adaptation of low-cost 

models should be implemented to derive better efficiency. Technological changes are not the 

primary factor influencing productivity. In the big data environment, the usage of advanced 

technologies, whether it is investment in more advanced aircraft and engine technology or 

revenue management software, is necessary for sustaining competitive advantage. 

Resource-based factors have a significant role in influencing technical efficiency; thus, airlines 

should adopt better fuel management techniques and offer better service delivery by using 

smaller aircraft more often with higher load factors.  

As a strategic alliance or partnership can help airlines improve their strategic position in some 

markets and regions or make it easier for them to compete, they should look for business 

opportunities and sign more multilateral or bilateral agreements. 
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Training highly skilled pilots and technical staff is not easy and requires periodic licencing 

validation. Therefore, there is a need to encourage young people to join the industry and make 

it more attractive for them. 

The presence of low entry barriers and intense price competition may have a detrimental impact 

on the technical efficiency of an airline’s operations when it is located in an open trade region. 

The incentives to follow the market may cause performance to drop, so airlines should keep their 

service standards high and improve their safety operations. 

Our global airline sample consists of different airlines operating in different regions worldwide. 

Some have large domestic markets and Open Skies agreements; thus, the individual country’s 

case-by-case study should yield a more realistic measure of destination attractiveness. 

COVID-19 has made the sector vulnerable and has pushed it to its limits, ensuring the industry’s 

survivability against future external shocks. Risk management must be included in the plans of 

both airlines and governments. 

7.5 Limitations 

The main limitations of the study are the use of archival data from publicly accessible 

publications. Due to the availability of data and reporting methods, our ultimate sample size was 

restricted. Even though the goal of the research was to examine the operational efficiency of 

global airlines, the study was hampered by a lack of resources and time. The scope of this 

research has been limited to the 35 leading airlines, and the time frame of performance analysis 

is FY2011 to FY2018. 

The first quantitative part of the research data is limited to the period before the pandemic to 

exclude any potential global shocks, such as COVID-19, which halted the whole aviation industry, 

rendering any usefulness of the data ineffective. 
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DEA is excellent at predicting a DMU's relative efficiency, but it converges slowly to absolute 

efficiency. In other words, it can identify how well DMUs are doing in comparison to peers but 

not in comparison to a theoretical maximum. 

Statistical hypothesis testing is challenging since the DEA is a non-parametric approach using a 

selection of inputs and outputs which are subjective by nature. Large data may be 

computationally intensive since the usual formulation of DEA generates a specific linear program 

for each DMU.  

It is worth mentioning that in the second-stage regression analysis, the Tobit and compound error 

models rely on a strong assumption of separability, that is, models in which external variables do 

not change the structure of the production set (Bădin et al., 2012; Bădin et al., 2014). As an 

illustration, Daraio et al. (2010) provide one of the statistical methods for evaluating the 

assumption of separability. In our DEA, we assumed that the separability assumption holds. This 

is a major constraint that must be addressed fully in any future DEA study utilising second-stage 

contextual variables. The problem of separability is still a contentious issue that requires 

extensive understanding of econometric research and skills. 

The impact of the COVID-19 qualitative study was designed around the results of the first part of 

the research. It is crucial to be careful about drawing general implications from the study. 

Furthermore, since the crisis was so recent, the insights obtained at this time may represent a 

short-term influence. As more data becomes available, future studies might look into how the 

crisis will affect long-term performance and how it will affect different business strategies. 

7.6 Scope for Future Study 

Destination attractiveness needs a better and specific individual investigation in a "case study 

style" rather than a global sample, as this can better judge whether making a destination more 

attractive directly affects airline operations. 

Environmental degradation is the primary concern of the aviation industry. Thus, future studies 

could build on the multistage DEA model and integrate the environmental aspect into the study 

to derive an adequate representation of airline efficiency and productivity. 



181 

 

Based on previous research, we believe that DEA and airline efficiency will be investigated in the 

future in a more complicated problems and data, for example, models dealing with ordinal, 

negative or interval data. 

Analysing airline efficiency using dynamic DEA models and other data prediction approaches is a 

welcome change from earlier research that predominantly used past periods as sample periods. 

Future airline efficiency studies that use the STP will need to look at how particular aspects from 

all three perspectives might interact with each other and understand their interaction effect. 

There is also a need to create a framework for delving further into airline operations and 

determining how incorporating the STP could enhance our knowledge of airline performance. 

Supply chain management is accorded a particularly high level of significance within the aviation 

industry. This is mostly attributable to the inherent complexity of managing supply in the aviation 

industry. An operation is considered complicated due to a number of factors, including 

maintenance, spare parts (orders and deliveries), and the provision of onboard catering. As an 

additional aspect, the control of the reverse flow of supply creates even more complex scenarios. 

To increase the airline's chances of success and improve its efficiency, academics and 

practitioners must stress the need for conducting supply chain investigations and how better 

predictions using AI and transparent data sharing can improve the supply chain in the future of 

airline operations. 

Due to the contagious nature of COVID-19, researchers have already identified a change in travel 

behaviour in which shared forms of transportation, such as public transportation, are seen as 

more dangerous than individual modes of travel. It would be interesting to see whether this 

change in travel behaviour endures after the pandemic is over. 

7.7 Final Words 

Warren Buffett once said, ‘The worst kind of business is one that develops fast, takes large 

amounts of capital to drive that growth, and then produces little or no profit. Think airlines. Mr 

Buffett’s assessment of air travel encapsulates many of the challenges airline owners and 
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management encounter. As an aviator myself, I believe airlines deserve greater recognition and 

understanding.  

Since the Wright brothers’ maiden flight in 1903, aviation has continued to excite people 

worldwide. The disastrous effect of COVID-19 on the airline sector has exposed the need for a 

healthy and functioning air transportation industry that is both sustainable and environmentally 

friendly. It is important to realise the crucial role the airline industry plays in our modern world. 

Air travel’s strategic significance cannot be overstated, whether in terms of the economy, society 

or both. Airline executives, policymakers and governments should all be on high alert for external 

shocks. Practitioners and academics ought to collaborate to study this important business. 

Indeed, Mr O’Leary, this is more than a ‘glorified bus service’. 

 

 

 

 

 

 

 

 

Note: 

During the process of writing this thesis, the author participated in several courses, webinars, and 

other events, as well as attempting to produce research articles that are in the process of being 

submitted to various journals. Please refer to Appendices 16 and 17. 

Thank you 
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Appendix 9 DEA-Solver (RTS, Rank & Slacks) Results Summary 

Region DMU Year Efficiency RTS  Rank No. Aircraft Operating Exp. Employee Load Factor Total Revenue RPK  

Africa Kenya Air 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Kenya Air 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa South Africa Airways 2011 0.91 Increasing 22.00 0.00 0.00 0.00 0.04 0.00 0.00 

Africa South Africa Airways 2012 0.88 Constant 33.00 0.00 0.00 1644.25 0.00 108.52 0.00 

Africa South Africa Airways 2013 1.00 Increasing 1.00 0.00 0.00 1.79 0.00 0.05 0.00 

Africa South Africa Airways 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa South Africa Airways 2015 0.94 Constant 23.00 0.00 0.00 4927.97 0.09 153.78 0.00 

Africa South Africa Airways 2016 0.99 Constant 17.00 0.00 148.10 4850.35 0.07 0.00 942.72 

Africa South Africa Airways 2017 0.88 Constant 33.00 0.00 146.62 3223.20 0.06 0.00 519.61 

Africa South Africa Airways 2018 0.90 Constant 27.00 0.00 123.76 3258.26 0.05 0.00 0.00 

Africa Ethiopian Airlines 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Ethiopian Airlines 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Ethiopian Airlines 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Ethiopian Airlines 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Ethiopian Airlines 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Africa Ethiopian Airlines 2016 0.95 Constant 20.00 0.00 0.00 2153.62 0.16 0.00 6204.35 

Africa Ethiopian Airlines 2017 0.96 Increasing 19.00 0.00 0.00 3627.96 0.11 0.00 0.00 

Africa Ethiopian Airlines 2018 0.88 Constant 30.00 0.00 0.00 0.00 0.15 0.00 1429.89 

Asia & Pacific Air China  2011 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Air China  2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Cathay Pacific  2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific China Eastern 2011 0.84 Decreasing 31.00 0.00 0.00 4606.13 0.01 0.00 0.00 
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Asia & Pacific China Eastern 2012 0.93 Decreasing 28.00 3.22 0.00 41719.50 0.00 0.00 0.00 

Asia & Pacific China Eastern 2013 0.92 Decreasing 32.00 57.52 0.00 38107.03 0.02 0.00 0.00 

Asia & Pacific China Eastern 2014 0.92 Decreasing 27.00 193.32 0.00 31079.79 0.03 0.00 0.00 

Asia & Pacific China Eastern 2015 0.93 Constant 26.00 205.51 0.00 36204.63 0.04 0.00 0.00 

Asia & Pacific China Eastern 2016 0.93 Decreasing 23.00 118.30 0.00 44777.58 0.04 0.00 0.00 

Asia & Pacific China Eastern 2017 0.90 Decreasing 28.00 228.85 0.00 35425.12 0.07 0.00 0.00 

Asia & Pacific China Eastern 2018 0.92 Decreasing 24.00 267.40 0.00 35934.13 0.06 0.00 0.00 

Asia & Pacific Japan Airlines 2011 0.90 Constant 24.00 0.00 0.00 0.00 0.12 0.00 11806.29 

Asia & Pacific Japan Airlines 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Japan Airlines 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Japan Airlines 2014 1.00 Decreasing 1.00 0.00 0.00 0.30 0.00 0.00 0.16 

Asia & Pacific Japan Airlines 2015 0.95 Constant 21.00 0.00 0.00 6309.01 0.16 0.00 0.00 

Asia & Pacific Japan Airlines 2016 0.93 Decreasing 25.00 0.00 0.00 10359.21 0.12 0.00 21481.14 

Asia & Pacific Japan Airlines 2017 0.93 Constant 22.00 0.00 0.00 0.00 0.17 0.00 26517.34 

Asia & Pacific Japan Airlines 2018 0.92 Decreasing 23.00 0.00 0.00 0.00 0.14 0.00 29462.92 

Asia & Pacific Korea Air 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Korea Air 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Qantas 2011 0.94 Decreasing 21.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Qantas 2012 0.93 Decreasing 27.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Qantas 2013 0.93 Decreasing 29.00 0.00 0.00 0.00 0.02 0.00 0.00 

Asia & Pacific Qantas 2014 0.87 Decreasing 31.00 18.80 0.00 0.00 0.02 0.00 0.00 

Asia & Pacific Qantas 2015 0.92 Constant 28.00 0.00 0.00 0.00 0.06 0.00 0.00 

Asia & Pacific Qantas 2016 0.93 Decreasing 26.00 0.00 0.00 0.00 0.04 0.00 0.00 

Asia & Pacific Qantas 2017 0.92 Decreasing 23.00 0.00 0.00 0.00 0.06 0.00 0.00 

Asia & Pacific Qantas 2018 0.95 Decreasing 21.00 0.00 0.00 0.00 0.03 0.00 0.00 

Asia & Pacific Singapore Airline 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2016 0.94 Constant 21.00 0.00 345.65 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2017 0.92 Decreasing 24.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Singapore Airline 2018 0.94 Decreasing 22.00 0.00 0.00 0.00 0.00 0.00 0.00 

Asia & Pacific Thai Airways 2011 0.90 Constant 25.00 0.00 0.00 6090.05 0.03 0.00 0.00 

Asia & Pacific Thai Airways 2012 0.98 Constant 22.00 0.00 0.00 6729.18 0.00 0.00 0.00 

Asia & Pacific Thai Airways 2013 0.89 Decreasing 33.00 0.00 0.00 4403.09 0.00 0.00 0.00 

Asia & Pacific Thai Airways 2014 0.86 Constant 33.00 0.00 0.00 4614.87 0.09 0.00 0.00 

Asia & Pacific Thai Airways 2015 0.87 Constant 32.00 0.00 0.00 5042.98 0.08 0.00 0.00 

Asia & Pacific Thai Airways 2016 0.92 Constant 27.00 0.00 0.00 5368.34 0.08 0.00 0.00 



274 

 

Asia & Pacific Thai Airways 2017 0.96 Increasing 20.00 0.00 0.00 5277.11 0.00 0.00 0.00 

Asia & Pacific Thai Airways 2018 0.91 Constant 25.00 0.00 0.00 4748.08 0.01 0.00 0.00 

Europe Aer Lingus 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aer Lingus 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Aeroflot  2011 0.78 Constant 35.00 53.98 0.00 0.00 0.00 0.00 0.00 

Europe Aeroflot  2012 0.91 Decreasing 32.00 0.00 0.00 2916.74 0.00 0.00 0.00 

Europe Aeroflot  2013 0.95 Constant 25.00 0.00 0.00 3664.27 0.05 0.00 0.00 

Europe Aeroflot  2014 0.91 Decreasing 30.00 0.00 0.00 4948.04 0.06 0.00 0.00 

Europe Aeroflot  2015 0.92 Constant 29.00 0.00 0.00 4343.98 0.02 0.00 0.00 

Europe Aeroflot  2016 0.93 Decreasing 24.00 0.00 0.00 2954.55 0.02 0.00 0.00 

Europe Aeroflot  2017 0.91 Decreasing 27.00 0.00 0.00 0.00 0.04 0.00 0.00 

Europe Aeroflot  2018 0.90 Decreasing 28.00 0.00 0.00 0.00 0.02 0.00 0.00 

Europe Alitalia  2011 0.83 Constant 33.00 0.00 0.00 0.00 0.06 0.00 7223.58 

Europe Alitalia  2012 0.82 Decreasing 35.00 0.00 0.00 0.00 0.00 0.00 1035.40 

Europe Alitalia  2013 0.85 Constant 34.00 0.00 0.00 0.00 0.03 0.00 0.00 

Europe Alitalia  2014 0.84 Increasing 34.00 0.00 0.00 0.00 0.06 0.00 0.00 

Europe Alitalia  2015 0.82 Constant 35.00 0.00 0.00 1092.86 0.06 0.00 0.00 

Europe Alitalia  2016 0.72 Constant 35.00 0.00 0.00 0.00 0.05 0.00 0.00 

Europe Alitalia  2017 0.70 Increasing 35.00 0.00 0.00 0.00 0.04 0.00 0.00 

Europe Alitalia  2018 0.76 Constant 35.00 0.00 0.00 0.00 0.02 0.00 1025.49 

Europe British Airways Plc 2011 0.96 Decreasing 20.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe British Airways Plc 2012 0.99 Decreasing 21.00 0.00 0.00 3425.45 0.00 0.00 0.00 

Europe British Airways Plc 2013 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe British Airways Plc 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe British Airways Plc 2015 0.98 Constant 18.00 0.00 0.00 7820.21 0.02 0.00 0.00 

Europe British Airways Plc 2016 1.00 Decreasing 16.00 0.00 0.00 5523.25 0.03 0.00 0.00 

Europe British Airways Plc 2017 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe British Airways Plc 2018 1.00 Decreasing 18.00 0.00 0.00 0.00 0.06 0.00 0.00 

Europe Easy Jet 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Easy Jet 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Easy Jet 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Easy Jet 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Easy Jet 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Easy Jet 2016 1.00 Decreasing 1.00 0.00 0.09 0.00 0.00 0.00 0.15 

Europe Easy Jet 2017 1.00 Decreasing 1.00 0.00 0.07 0.00 0.00 0.37 0.00 

Europe Easy Jet 2018 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2011 0.83 Constant 32.00 0.00 0.00 0.00 0.02 0.00 0.00 

Europe Finair 2012 0.93 Decreasing 29.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2013 1.00 Decreasing 1.00 0.00 0.07 0.00 0.00 0.00 0.00 
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Europe Finair 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Finair 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Iberia  2011 0.89 Constant 26.00 0.00 0.00 6487.60 0.00 0.00 36951.92 

Europe Iberia  2012 0.95 Decreasing 25.00 0.00 547.18 2630.40 0.00 0.00 0.00 

Europe Iberia  2013 0.84 Decreasing 35.00 0.00 0.00 3458.25 0.00 0.00 0.00 

Europe Iberia  2014 0.84 Constant 35.00 0.00 0.00 1930.08 0.02 0.00 0.00 

Europe Iberia  2015 0.84 Constant 34.00 0.00 0.00 1802.98 0.03 0.00 0.00 

Europe Iberia  2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Iberia  2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Iberia  2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe KLM 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe KLM 2012 1.00 Decreasing 1.00 0.00 0.00 0.06 0.00 0.00 0.00 

Europe KLM 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe KLM 2014 1.00 Decreasing 1.00 0.00 0.00 1.74 0.00 0.00 0.00 

Europe KLM 2015 1.00 Decreasing 1.00 0.00 0.00 3.90 0.00 0.00 0.00 

Europe KLM 2016 1.00 Decreasing 1.00 0.00 0.00 4.29 0.00 0.00 0.00 

Europe KLM 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe KLM 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe Lufthansa  2011 1.00 Decreasing 1.00 0.00 0.00 2.32 0.00 0.00 1.04 

Europe Lufthansa  2012 1.00 Decreasing 1.00 0.00 0.00 1.35 0.00 0.00 0.95 

Europe Lufthansa  2013 1.00 Decreasing 1.00 0.00 0.00 3.42 0.00 0.00 0.00 

Europe Lufthansa  2014 1.00 Decreasing 1.00 0.00 0.00 6.85 0.00 0.00 0.00 

Europe Lufthansa  2015 1.00 Decreasing 1.00 0.00 0.09 1.89 0.00 0.00 0.71 

Europe Lufthansa  2016 1.00 Decreasing 1.00 0.01 0.00 2.52 0.00 0.00 0.34 

Europe Lufthansa  2017 1.00 Decreasing 1.00 0.01 0.00 1.13 0.00 0.00 0.00 

Europe Lufthansa  2018 1.00 Decreasing 1.00 0.02 0.00 1.91 0.00 0.00 0.00 

Europe RyanAir 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe RyanAir 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe SAS Airline 2011 0.85 Constant 30.00 0.00 0.00 0.00 0.04 0.00 10653.95 

Europe SAS Airline 2012 0.85 Decreasing 34.00 0.00 0.00 0.00 0.00 0.00 4202.17 

Europe SAS Airline 2013 0.93 Increasing 30.00 0.00 0.00 0.00 0.05 0.00 0.00 

Europe SAS Airline 2014 0.87 Constant 32.00 0.00 0.00 0.00 0.05 0.00 4583.81 

Europe SAS Airline 2015 0.93 Constant 24.00 0.00 77.25 0.00 0.08 0.00 11394.00 

Europe SAS Airline 2016 0.91 Constant 29.00 0.00 89.74 0.00 0.03 0.00 14255.51 

Europe SAS Airline 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Europe SAS Airline 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Europe Turkish Airlines 2011 0.86 Constant 29.00 0.00 0.00 0.00 0.09 0.00 0.00 

Europe Turkish Airlines 2012 0.94 Increasing 26.00 0.00 0.00 0.00 0.02 0.00 0.00 

Europe Turkish Airlines 2013 0.94 Decreasing 27.00 0.00 0.00 0.00 0.01 0.00 0.00 

Europe Turkish Airlines 2014 0.99 Decreasing 23.00 0.00 614.42 0.00 0.08 0.00 0.00 

Europe Turkish Airlines 2015 0.92 Constant 27.00 0.00 550.27 0.00 0.08 0.00 0.00 

Europe Turkish Airlines 2016 0.87 Decreasing 32.00 0.00 0.00 1556.90 0.15 213.26 0.00 

Europe Turkish Airlines 2017 0.90 Constant 30.00 0.00 91.07 0.00 0.10 0.00 0.00 

Europe Turkish Airlines 2018 0.91 Constant 26.00 0.00 0.00 0.00 0.03 0.00 0.00 

Middle East Etihad Airline  2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Etihad Airline  2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Etihad Airline  2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Etihad Airline  2014 0.95 Decreasing 25.00 0.00 0.00 3029.34 0.00 78.71 0.00 

Middle East Etihad Airline  2015 0.86 Constant 33.00 0.00 0.00 2738.72 0.01 174.51 0.00 

Middle East Etihad Airline  2016 0.85 Constant 34.00 0.00 67.97 2892.40 0.06 461.93 0.00 

Middle East Etihad Airline  2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Etihad Airline  2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2011 1.00 Decreasing 1.00 0.00 0.00 0.18 0.00 0.00 0.14 

Middle East Emirates Airline 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Emirates Airline 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Qatar Airways  2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Qatar Airways  2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Qatar Airways  2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Qatar Airways  2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

Middle East Qatar Airways  2015 0.95 Constant 20.00 0.00 0.00 11833.44 0.09 0.00 0.00 

Middle East Qatar Airways  2016 0.91 Decreasing 30.00 0.00 0.00 12532.40 0.09 0.00 0.00 

Middle East Qatar Airways  2017 0.86 Constant 34.00 0.00 0.00 11008.84 0.17 0.00 0.00 

Middle East Qatar Airways  2018 0.82 Constant 34.00 0.00 0.00 4103.86 0.18 0.00 0.00 

North America Air Canada 2011 0.81 Constant 34.00 67.49 0.00 0.00 0.00 0.00 11594.78 

North America Air Canada 2012 0.92 Decreasing 30.00 59.76 0.00 0.00 0.00 0.00 27232.57 

North America Air Canada 2013 0.92 Decreasing 31.00 92.55 0.00 0.00 0.00 0.00 0.00 

North America Air Canada 2014 0.92 Decreasing 27.00 21.36 0.00 0.00 0.00 0.00 1154.71 

North America Air Canada 2015 0.89 Constant 30.00 63.11 0.00 0.00 0.02 0.00 528.27 

North America Air Canada 2016 0.87 Decreasing 33.00 0.00 0.00 4539.83 0.09 0.00 35793.30 

North America Air Canada 2017 0.88 Decreasing 32.00 0.00 0.00 0.00 0.10 0.00 38326.91 

North America Air Canada 2018 0.89 Decreasing 29.00 0.00 0.00 0.00 0.08 0.00 36354.86 

North America Alaska 2011 0.91 Decreasing 23.00 11.82 0.00 0.00 0.00 0.00 16459.94 

North America Alaska 2012 1.00 Decreasing 1.00 0.00 0.00 0.23 0.00 0.00 2.48 

North America Alaska 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Alaska 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Alaska 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 
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North America Alaska 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Alaska 2017 0.92 Constant 25.00 0.00 0.00 2339.53 0.06 0.00 38767.29 

North America Alaska 2018 0.84 Constant 32.00 0.00 0.00 99.07 0.06 0.00 34816.83 

North America Delta Airlines 2011 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.03 

North America Delta Airlines 2012 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.12 

North America Delta Airlines 2013 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.15 

North America Delta Airlines 2014 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.24 

North America Delta Airlines 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Delta Airlines 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Delta Airlines 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Delta Airlines 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2012 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2014 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2015 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2016 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2017 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Hawaiian Airlines 2018 1.00 Decreasing 1.00 0.00 0.00 0.31 0.00 0.00 1.18 

North America Jet Blue 2011 0.88 Decreasing 27.00 0.00 0.00 0.00 0.00 0.00 12258.54 

North America Jet Blue 2012 0.95 Decreasing 23.00 0.00 0.00 0.00 0.00 0.00 1443.96 

North America Jet Blue 2013 0.93 Decreasing 28.00 0.00 0.00 0.00 0.00 0.00 538.02 

North America Jet Blue 2014 0.92 Constant 26.00 0.00 0.00 0.00 0.01 0.00 2149.19 

North America Jet Blue 2015 0.98 Decreasing 19.00 0.00 0.00 0.00 0.00 0.00 3735.64 

North America Jet Blue 2016 0.98 Constant 19.00 0.00 0.00 1346.56 0.01 0.00 25621.39 

North America Jet Blue 2017 0.91 Constant 26.00 0.00 0.00 0.00 0.02 0.00 24193.13 

North America Jet Blue 2018 0.84 Constant 33.00 0.00 0.00 0.00 0.01 0.00 22473.14 

North America Southwest 2011 0.87 Decreasing 28.00 296.96 0.00 0.00 0.02 0.00 0.00 

North America Southwest 2012 0.95 Decreasing 24.00 361.89 0.00 894.48 0.00 0.00 0.00 

North America Southwest 2013 0.96 Decreasing 24.00 357.60 0.00 169.35 0.00 0.00 0.00 

North America Southwest 2014 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Southwest 2015 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America Southwest 2016 0.98 Decreasing 18.00 319.14 0.00 13316.23 0.06 0.00 22942.44 

North America Southwest 2017 0.99 Decreasing 18.00 289.13 0.00 14219.10 0.07 0.00 38166.10 

North America Southwest 2018 0.99 Constant 19.00 465.56 0.00 8324.72 0.04 0.00 2924.17 

North America United Airways 2011 1.00 Decreasing 1.00 0.04 0.00 0.00 0.00 0.00 0.00 

North America United Airways 2012 1.00 Decreasing 1.00 0.05 0.00 0.28 0.00 0.00 0.00 

North America United Airways 2013 1.00 Decreasing 1.00 0.08 0.00 0.00 0.00 0.00 0.00 

North America United Airways 2014 1.00 Decreasing 1.00 0.01 0.00 0.00 0.00 0.00 0.00 

North America United Airways 2015 0.94 Decreasing 22.00 690.49 0.00 0.00 0.01 0.00 0.00 

North America United Airways 2016 0.94 Decreasing 22.00 660.73 0.00 2905.10 0.01 0.00 0.00 

North America United Airways 2017 0.95 Decreasing 21.00 757.54 0.00 1429.69 0.04 0.00 0.00 

North America United Airways 2018 0.96 Decreasing 20.00 852.32 0.00 4.50 0.01 0.00 0.00 

North America West Jet Airlines 2011 0.96 Decreasing 19.00 36.33 0.00 0.00 0.00 0.00 0.00 

North America West Jet Airlines 2012 1.00 Decreasing 1.00 0.00 0.00 0.00 0.00 0.00 0.96 
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North America West Jet Airlines 2013 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

North America West Jet Airlines 2014 0.99 Increasing 24.00 34.61 0.00 860.07 0.00 0.00 0.00 

North America West Jet Airlines 2015 0.93 Constant 25.00 38.75 0.00 1572.32 0.01 0.00 0.00 

North America West Jet Airlines 2016 0.92 Constant 28.00 48.31 0.00 2363.47 0.01 0.00 21694.85 

North America West Jet Airlines 2017 0.89 Constant 31.00 60.90 0.00 1479.34 0.02 0.00 0.00 

North America West Jet Airlines 2018 0.85 Decreasing 31.00 0.00 0.00 2488.60 0.00 0.00 16332.43 

South America LATAM Airlines 2011 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 

South America LATAM Airlines 2012 0.91 Decreasing 31.00 0.00 0.00 18079.72 0.00 0.00 0.00 

South America LATAM Airlines 2013 0.94 Decreasing 26.00 0.00 0.00 21497.12 0.02 0.00 0.00 

South America LATAM Airlines 2014 0.92 Decreasing 29.00 8.08 0.00 16225.05 0.00 0.00 0.00 

South America LATAM Airlines 2015 0.87 Constant 31.00 0.00 0.00 27821.88 0.02 0.00 0.00 

South America LATAM Airlines 2016 0.88 Decreasing 31.00 0.00 0.00 23398.01 0.05 0.00 0.00 

South America LATAM Airlines 2017 0.90 Constant 29.00 0.00 0.00 17644.92 0.07 0.00 0.00 

South America LATAM Airlines 2018 1.00 Constant 1.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Appendix 10 Distance Summary Index Input DEAP Results 

Region DMU Year CRS te (t-1) CRS te (t) 
CRS te 
(t+1) VRS te 

Africa Ethiopian Airlines 2011 0.00 1.00 1.25 1.00 

Africa Ethiopian Airlines 2012 1.02 1.00 1.08 1.00 

Africa Ethiopian Airlines 2013 1.06 1.00 1.10 1.00 

Africa Ethiopian Airlines 2014 1.01 1.00 1.03 1.00 

Africa Ethiopian Airlines 2015 1.01 1.00 0.91 1.00 

Africa Ethiopian Airlines 2016 1.04 0.94 1.06 0.95 

Africa Ethiopian Airlines 2017 0.87 0.94 0.94 0.96 

Africa Ethiopian Airlines 2018 0.87 0.87 0.00 0.88 

Africa Kenya Air 2011 0.00 1.00 1.15 1.00 

Africa Kenya Air 2012 0.96 1.00 1.28 1.00 

Africa Kenya Air 2013 1.01 1.00 1.11 1.00 

Africa Kenya Air 2014 0.96 1.00 1.18 1.00 

Africa Kenya Air 2015 0.90 1.00 0.87 1.00 

Africa Kenya Air 2016 1.28 1.00 0.93 1.00 

Africa Kenya Air 2017 1.21 1.00 1.01 1.00 

Africa Kenya Air 2018 1.11 1.00 0.00 1.00 

Africa South Africa Airways 2011 0.00 0.90 0.98 0.91 

Africa South Africa Airways 2012 0.85 0.88 0.93 0.88 

Africa South Africa Airways 2013 0.92 1.00 0.99 1.00 

Africa South Africa Airways 2014 1.19 1.00 1.11 1.00 

Africa South Africa Airways 2015 0.90 0.88 0.90 0.94 

Africa South Africa Airways 2016 0.94 0.95 1.01 0.99 

Africa South Africa Airways 2017 0.81 0.84 0.87 0.88 

Africa South Africa Airways 2018 0.84 0.86 0.00 0.90 

Asia & Pacific Air China  2011 0.00 0.92 1.02 1.00 

Asia & Pacific Air China  2012 0.94 1.00 1.06 1.00 

Asia & Pacific Air China  2013 0.97 1.00 0.96 1.00 

Asia & Pacific Air China  2014 1.05 1.00 1.03 1.00 

Asia & Pacific Air China  2015 1.02 1.00 0.95 1.00 

Asia & Pacific Air China  2016 1.15 1.00 1.12 1.00 

Asia & Pacific Air China  2017 0.98 1.00 0.99 1.00 

Asia & Pacific Air China  2018 1.09 1.00 0.00 1.00 

Asia & Pacific Cathay Pacific  2011 0.00 1.00 1.03 1.00 

Asia & Pacific Cathay Pacific  2012 1.00 1.00 1.02 1.00 

Asia & Pacific Cathay Pacific  2013 1.00 1.00 1.00 1.00 

Asia & Pacific Cathay Pacific  2014 1.01 1.00 1.07 1.00 

Asia & Pacific Cathay Pacific  2015 1.00 1.00 1.04 1.00 

Asia & Pacific Cathay Pacific  2016 0.99 1.00 0.96 1.00 

Asia & Pacific Cathay Pacific  2017 1.06 1.00 0.95 1.00 

Asia & Pacific Cathay Pacific  2018 1.07 1.00 0.00 1.00 

Asia & Pacific China Eastern airways 2011 0.00 0.74 0.88 0.84 

Asia & Pacific China Eastern airways 2012 0.74 0.87 0.89 0.93 

Asia & Pacific China Eastern airways 2013 0.84 0.86 0.85 0.92 

Asia & Pacific China Eastern airways 2014 0.89 0.88 0.83 0.92 

Asia & Pacific China Eastern airways 2015 0.93 0.88 0.85 0.93 

Asia & Pacific China Eastern airways 2016 0.88 0.85 0.84 0.93 

Asia & Pacific China Eastern airways 2017 0.81 0.81 0.80 0.90 

Asia & Pacific China Eastern airways 2018 0.81 0.80 0.00 0.92 

Asia & Pacific Japan Airlines 2011 0.00 0.90 1.02 0.90 

Asia & Pacific Japan Airlines 2012 0.89 1.00 1.03 1.00 

Asia & Pacific Japan Airlines 2013 0.98 1.00 0.98 1.00 

Asia & Pacific Japan Airlines 2014 1.01 0.99 0.92 1.00 
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Asia & Pacific Japan Airlines 2015 1.01 0.95 0.95 0.95 

Asia & Pacific Japan Airlines 2016 0.93 0.92 0.92 0.93 

Asia & Pacific Japan Airlines 2017 0.92 0.92 0.91 0.93 

Asia & Pacific Japan Airlines 2018 0.93 0.92 0.00 0.92 

Asia & Pacific Korea Air 2011 0.00 1.00 1.30 1.00 

Asia & Pacific Korea Air 2012 0.97 1.00 1.04 1.00 

Asia & Pacific Korea Air 2013 0.99 1.00 0.97 1.00 

Asia & Pacific Korea Air 2014 1.06 1.00 1.16 1.00 

Asia & Pacific Korea Air 2015 1.06 1.00 0.98 1.00 

Asia & Pacific Korea Air 2016 1.05 1.00 1.02 1.00 

Asia & Pacific Korea Air 2017 1.03 1.00 1.02 1.00 

Asia & Pacific Korea Air 2018 1.02 1.00 0.00 1.00 

Asia & Pacific Qantas 2011 0.00 0.88 0.92 0.94 

Asia & Pacific Qantas 2012 0.86 0.90 0.91 0.93 

Asia & Pacific Qantas 2013 0.90 0.92 0.90 0.93 

Asia & Pacific Qantas 2014 0.88 0.85 0.83 0.87 

Asia & Pacific Qantas 2015 0.95 0.92 0.88 0.92 

Asia & Pacific Qantas 2016 0.94 0.90 0.92 0.93 

Asia & Pacific Qantas 2017 0.89 0.91 0.92 0.93 

Asia & Pacific Qantas 2018 0.92 0.93 0.00 0.95 

Asia & Pacific Singapore Airline 2011 0.00 1.00 1.02 1.00 

Asia & Pacific Singapore Airline 2012 1.01 1.00 1.02 1.00 

Asia & Pacific Singapore Airline 2013 1.00 1.00 1.03 1.00 

Asia & Pacific Singapore Airline 2014 1.02 1.00 1.07 1.00 

Asia & Pacific Singapore Airline 2015 1.01 1.00 1.26 1.00 

Asia & Pacific Singapore Airline 2016 0.94 0.94 0.91 0.94 

Asia & Pacific Singapore Airline 2017 0.93 0.92 0.93 0.92 

Asia & Pacific Singapore Airline 2018 0.92 0.93 0.00 0.94 

Asia & Pacific Thai Airways 2011 0.00 0.89 0.91 0.90 

Asia & Pacific Thai Airways 2012 0.96 0.98 1.00 0.98 

Asia & Pacific Thai Airways 2013 0.87 0.89 0.88 0.89 

Asia & Pacific Thai Airways 2014 0.88 0.85 0.83 0.86 

Asia & Pacific Thai Airways 2015 0.89 0.86 0.92 0.87 

Asia & Pacific Thai Airways 2016 0.90 0.91 0.92 0.92 

Asia & Pacific Thai Airways 2017 0.92 0.96 0.96 0.96 

Asia & Pacific Thai Airways 2018 0.90 0.91 0.00 0.91 

Europe Aer Lingus 2011 0.00 1.00 1.03 1.00 

Europe Aer Lingus 2012 1.03 1.00 1.07 1.00 

Europe Aer Lingus 2013 1.00 1.00 1.06 1.00 

Europe Aer Lingus 2014 1.03 1.00 1.06 1.00 

Europe Aer Lingus 2015 1.13 1.00 1.02 1.00 

Europe Aer Lingus 2016 1.06 1.00 1.12 1.00 

Europe Aer Lingus 2017 1.00 1.00 1.05 1.00 

Europe Aer Lingus 2018 1.06 1.00 0.00 1.00 

Europe Aeroflot  2011 0.00 0.78 0.91 0.78 

Europe Aeroflot  2012 0.83 0.90 0.92 0.91 

Europe Aeroflot  2013 0.93 0.95 0.94 0.95 

Europe Aeroflot  2014 0.92 0.91 0.86 0.91 

Europe Aeroflot  2015 0.97 0.92 0.90 0.92 

Europe Aeroflot  2016 0.94 0.92 0.93 0.93 

Europe Aeroflot  2017 0.87 0.89 0.89 0.91 

Europe Aeroflot  2018 0.86 0.87 0.00 0.90 

Europe Alitalia  2011 0.00 0.83 0.87 0.83 

Europe Alitalia  2012 0.77 0.82 0.84 0.82 

Europe Alitalia  2013 0.84 0.85 0.83 0.85 

Europe Alitalia  2014 0.86 0.84 0.79 0.84 
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Europe Alitalia  2015 0.87 0.81 0.81 0.82 

Europe Alitalia  2016 0.73 0.72 0.73 0.72 

Europe Alitalia  2017 0.69 0.70 0.70 0.70 

Europe Alitalia  2018 0.75 0.76 0.00 0.76 

Europe British Airways Plc 2011 0.00 0.88 0.91 0.96 

Europe British Airways Plc 2012 0.90 0.94 0.96 0.99 

Europe British Airways Plc 2013 0.96 0.99 0.97 1.00 

Europe British Airways Plc 2014 1.02 1.00 0.95 1.00 

Europe British Airways Plc 2015 1.04 0.98 0.94 0.98 

Europe British Airways Plc 2016 0.99 0.95 0.98 1.00 

Europe British Airways Plc 2017 0.95 0.99 0.99 1.00 

Europe British Airways Plc 2018 0.98 0.98 0.00 1.00 

Europe Easy Jet 2011 0.00 1.00 1.06 1.00 

Europe Easy Jet 2012 1.01 1.00 1.02 1.00 

Europe Easy Jet 2013 1.03 1.00 0.98 1.00 

Europe Easy Jet 2014 1.06 1.00 1.02 1.00 

Europe Easy Jet 2015 1.04 1.00 0.95 1.00 

Europe Easy Jet 2016 1.00 0.92 0.96 1.00 

Europe Easy Jet 2017 0.91 0.95 0.98 1.00 

Europe Easy Jet 2018 0.95 0.96 0.00 1.00 

Europe Finnair 2011 0.00 0.83 0.84 0.83 

Europe Finnair 2012 0.92 0.93 0.94 0.93 

Europe Finnair 2013 0.97 0.98 0.95 1.00 

Europe Finnair 2014 1.05 1.00 1.00 1.00 

Europe Finnair 2015 1.07 1.00 1.03 1.00 

Europe Finnair 2016 1.00 1.00 1.05 1.00 

Europe Finnair 2017 0.99 1.00 1.03 1.00 

Europe Finnair 2018 1.01 1.00 0.00 1.00 

Europe Iberia  2011 0.00 0.89 0.91 0.89 

Europe Iberia  2012 0.86 0.87 0.89 0.94 

Europe Iberia  2013 0.82 0.84 0.81 0.84 

Europe Iberia  2014 0.86 0.83 0.80 0.84 

Europe Iberia  2015 0.89 0.84 0.81 0.84 

Europe Iberia  2016 1.03 1.00 1.00 1.00 

Europe Iberia  2017 1.02 1.00 1.00 1.00 

Europe Iberia  2018 1.01 1.00 0.00 1.00 

Europe KLM 2011 0.00 1.00 1.23 1.00 

Europe KLM 2012 0.90 0.97 0.98 1.00 

Europe KLM 2013 0.98 1.00 0.99 1.00 

Europe KLM 2014 1.00 0.99 0.93 1.00 

Europe KLM 2015 1.01 0.95 0.93 1.00 

Europe KLM 2016 0.99 0.96 0.97 1.00 

Europe KLM 2017 0.99 1.00 0.99 1.00 

Europe KLM 2018 1.02 1.00 0.00 1.00 

Europe Lufthansa  2011 0.00 0.84 0.90 1.00 

Europe Lufthansa  2012 0.86 0.92 0.94 1.00 

Europe Lufthansa  2013 0.91 0.92 0.89 1.00 

Europe Lufthansa  2014 0.92 0.89 0.83 1.00 

Europe Lufthansa  2015 0.91 0.86 0.87 1.00 

Europe Lufthansa  2016 0.86 0.87 0.90 1.00 

Europe Lufthansa  2017 0.89 0.91 0.90 1.00 

Europe Lufthansa  2018 0.89 0.89 0.00 1.00 

Europe Ryanair 2011 0.00 1.00 1.14 1.00 

Europe RyanAir 2012 1.02 1.00 1.08 1.00 

Europe RyanAir 2013 1.06 1.00 1.05 1.00 

Europe RyanAir 2014 1.02 1.00 0.97 1.00 
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Europe RyanAir 2015 1.07 1.00 1.01 1.00 

Europe RyanAir 2016 1.07 1.00 1.12 1.00 

Europe RyanAir 2017 1.10 1.00 1.04 1.00 

Europe RyanAir 2018 1.01 1.00 0.00 1.00 

Europe SAS Airline 2011 0.00 0.85 0.90 0.85 

Europe SAS Airline 2012 0.80 0.85 0.86 0.85 

Europe SAS Airline 2013 0.91 0.93 0.90 0.93 

Europe SAS Airline 2014 0.90 0.87 0.86 0.87 

Europe SAS Airline 2015 0.91 0.93 0.89 0.93 

Europe SAS Airline 2016 0.96 0.91 0.92 0.91 

Europe SAS Airline 2017 1.00 1.00 0.96 1.00 

Europe SAS Airline 2018 1.06 1.00 0.00 1.00 

Europe Turkish Airlines 2011 0.00 0.85 0.88 0.86 

Europe Turkish Airlines 2012 0.89 0.94 0.95 0.94 

Europe Turkish Airlines 2013 0.94 0.93 0.92 0.94 

Europe Turkish Airlines 2014 0.98 0.96 1.00 0.99 

Europe Turkish Airlines 2015 0.95 0.92 0.90 0.92 

Europe Turkish Airlines 2016 0.92 0.82 0.86 0.87 

Europe Turkish Airlines 2017 0.90 0.90 0.88 0.90 

Europe Turkish Airlines 2018 0.94 0.91 0.00 0.91 

Middle East Emirates Airline 2011 0.00 0.98 0.99 1.00 

Middle East Emirates Airline 2012 0.99 1.00 0.99 1.00 

Middle East Emirates Airline 2013 1.02 1.00 0.99 1.00 

Middle East Emirates Airline 2014 1.05 1.00 1.05 1.00 

Middle East Emirates Airline 2015 1.23 1.00 1.05 1.00 

Middle East Emirates Airline 2016 1.04 1.00 1.01 1.00 

Middle East Emirates Airline 2017 1.10 1.00 1.02 1.00 

Middle East Emirates Airline 2018 1.08 1.00 0.00 1.00 

Middle East Etihad Airline  2011 0.00 1.00 1.18 1.00 

Middle East Etihad Airline  2012 1.00 1.00 1.15 1.00 

Middle East Etihad Airline  2013 0.98 1.00 1.08 1.00 

Middle East Etihad Airline  2014 0.96 0.93 0.91 0.95 

Middle East Etihad Airline  2015 0.93 0.86 0.92 0.86 

Middle East Etihad Airline  2016 0.97 0.84 0.93 0.85 

Middle East Etihad Airline  2017 0.92 1.00 0.95 1.00 

Middle East Etihad Airline  2018 1.06 1.00 0.00 1.00 

Middle East Qatar Airways  2011 0.00 1.00 1.10 1.00 

Middle East Qatar Airways  2012 1.02 1.00 1.10 1.00 

Middle East Qatar Airways  2013 0.96 1.00 1.14 1.00 

Middle East Qatar Airways  2014 1.00 1.00 0.92 1.00 

Middle East Qatar Airways  2015 1.02 0.95 0.91 0.95 

Middle East Qatar Airways  2016 0.91 0.87 0.91 0.91 

Middle East Qatar Airways  2017 0.83 0.86 0.85 0.87 

Middle East Qatar Airways  2018 0.82 0.82 0.00 0.82 

North America Air Canada 2011 0.00 0.80 0.86 0.81 

North America Air Canada 2012 0.82 0.88 0.88 0.92 

North America Air Canada 2013 0.89 0.89 0.88 0.92 

North America Air Canada 2014 0.91 0.89 0.85 0.92 

North America Air Canada 2015 0.94 0.89 0.88 0.89 

North America Air Canada 2016 0.87 0.87 0.87 0.87 

North America Air Canada 2017 0.86 0.87 0.87 0.88 

North America Air Canada 2018 0.88 0.88 0.00 0.89 

North America Alaska 2011 0.00 0.90 0.95 0.91 

North America Alaska 2012 0.91 0.96 0.96 1.00 

North America Alaska 2013 1.01 1.00 0.99 1.00 

North America Alaska 2014 1.02 1.00 0.95 1.00 
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North America Alaska 2015 1.07 1.00 1.02 1.00 

North America Alaska 2016 1.54 1.00 1.51 1.00 

North America Alaska 2017 0.92 0.91 0.91 0.92 

North America Alaska 2018 0.84 0.84 0.00 0.84 

North America Delta Airlines 2011 0.00 0.87 0.93 1.00 

North America Delta Airlines 2012 0.88 0.94 0.96 1.00 

North America Delta Airlines 2013 0.97 0.99 0.96 1.00 

North America Delta Airlines 2014 0.97 0.94 1.02 1.00 

North America Delta Airlines 2015 1.08 1.00 1.03 1.00 

North America Delta Airlines 2016 0.99 1.00 1.03 1.00 

North America Delta Airlines 2017 1.05 1.00 1.01 1.00 

North America Delta Airlines 2018 1.10 1.00 0.00 1.00 

North America Hawaiian Airlines 2011 0.00 1.00 1.16 1.00 

North America Hawaiian Airlines 2012 1.00 1.00 1.11 1.00 

North America Hawaiian Airlines 2013 0.99 1.00 1.02 1.00 

North America Hawaiian Airlines 2014 1.05 1.00 1.00 1.00 

North America Hawaiian Airlines 2015 1.11 1.00 1.05 1.00 

North America Hawaiian Airlines 2016 0.97 1.00 1.01 1.00 

North America Hawaiian Airlines 2017 1.01 1.00 1.06 1.00 

North America Hawaiian Airlines 2018 0.94 0.98 0.00 1.00 

North America Jet Blue 2011 0.00 0.88 0.92 0.88 

North America Jet Blue 2012 0.89 0.93 0.93 0.95 

North America Jet Blue 2013 0.94 0.93 0.92 0.93 

North America Jet Blue 2014 0.94 0.92 0.88 0.92 

North America Jet Blue 2015 1.03 0.97 0.97 0.98 

North America Jet Blue 2016 0.98 0.98 0.97 0.98 

North America Jet Blue 2017 0.92 0.91 0.91 0.91 

North America Jet Blue 2018 0.83 0.84 0.00 0.84 

North America Southwest 2011 0.00 0.81 0.88 0.87 

North America Southwest 2012 0.82 0.88 0.88 0.95 

North America Southwest 2013 0.91 0.91 0.89 0.96 

North America Southwest 2014 0.96 0.94 0.89 1.00 

North America Southwest 2015 1.04 0.98 0.99 1.00 

North America Southwest 2016 0.94 0.95 0.94 0.98 

North America Southwest 2017 0.94 0.92 0.92 1.00 

North America Southwest 2018 0.91 0.91 0.00 0.99 

North America United Airways 2011 0.00 0.85 0.90 1.00 

North America United Airways 2012 0.82 0.86 0.87 1.00 

North America United Airways 2013 0.89 0.90 0.88 1.00 

North America United Airways 2014 0.93 0.91 0.86 1.00 

North America United Airways 2015 0.97 0.92 0.91 0.94 

North America United Airways 2016 0.90 0.89 0.89 0.94 

North America United Airways 2017 0.87 0.88 0.88 0.95 

North America United Airways 2018 0.87 0.88 0.00 0.96 

North America West Jet Airlines 2011 0.00 0.94 0.96 0.96 

North America West Jet Airlines 2012 0.94 0.97 1.01 1.00 

North America West Jet Airlines 2013 0.97 1.00 0.98 1.00 

North America West Jet Airlines 2014 1.00 0.98 0.90 0.99 

North America West Jet Airlines 2015 1.01 0.93 0.95 0.93 

North America West Jet Airlines 2016 0.90 0.91 0.91 0.92 

North America West Jet Airlines 2017 0.90 0.89 0.90 0.89 

North America West Jet Airlines 2018 0.83 0.84 0.00 0.85 

South America LATAM Airlines 2011 0.00 1.00 1.63 1.00 

South America LATAM Airlines 2012 0.78 0.86 0.89 0.91 

South America LATAM Airlines 2013 0.90 0.92 0.91 0.94 

South America LATAM Airlines 2014 0.92 0.91 0.85 0.92 
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South America LATAM Airlines 2015 0.92 0.87 0.84 0.87 

South America LATAM Airlines 2016 0.90 0.85 0.88 0.88 

South America LATAM Airlines 2017 0.87 0.90 0.88 0.90 

South America LATAM Airlines 2018 1.04 1.00 0.00 1.00 
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Appendix 11 Distance Summary Index Output DEAP Results 

Region DMU Year CRS te (t-1) CRS te (t) 
CRS te 
(t+1) VRS te 

Africa Ethiopian Airlines 2011 0.00 1.00 1.25 1.00 

Africa Ethiopian Airlines 2012 1.02 1.00 1.08 1.00 

Africa Ethiopian Airlines 2013 1.06 1.00 1.10 1.00 

Africa Ethiopian Airlines 2014 1.01 1.00 1.03 1.00 

Africa Ethiopian Airlines 2015 1.01 1.00 0.91 1.00 

Africa Ethiopian Airlines 2016 1.04 0.94 1.06 0.95 

Africa Ethiopian Airlines 2017 0.87 0.94 0.94 0.95 

Africa Ethiopian Airlines 2018 0.87 0.87 0.00 0.87 

Africa Kenya Air 2011 0.00 1.00 1.15 1.00 

Africa Kenya Air 2012 0.96 1.00 1.28 1.00 

Africa Kenya Air 2013 1.01 1.00 1.11 1.00 

Africa Kenya Air 2014 0.96 1.00 1.18 1.00 

Africa Kenya Air 2015 0.90 1.00 0.87 1.00 

Africa Kenya Air 2016 1.28 1.00 0.93 1.00 

Africa Kenya Air 2017 1.21 1.00 1.01 1.00 

Africa Kenya Air 2018 1.11 1.00 0.00 1.00 

Africa South Africa Airways 2011 0.00 0.90 0.98 0.91 

Africa South Africa Airways 2012 0.85 0.88 0.93 0.95 

Africa South Africa Airways 2013 0.92 1.00 0.99 1.00 

Africa South Africa Airways 2014 1.19 1.00 1.11 1.00 

Africa South Africa Airways 2015 0.90 0.88 0.90 0.89 

Africa South Africa Airways 2016 0.94 0.95 1.01 0.97 

Africa South Africa Airways 2017 0.81 0.84 0.87 0.89 

Africa South Africa Airways 2018 0.84 0.86 0.00 0.92 

Asia & Pacific Air China  2011 0.00 0.92 1.02 1.00 

Asia & Pacific Air China  2012 0.94 1.00 1.06 1.00 

Asia & Pacific Air China  2013 0.97 1.00 0.96 1.00 

Asia & Pacific Air China  2014 1.05 1.00 1.03 1.00 

Asia & Pacific Air China  2015 1.02 1.00 0.95 1.00 

Asia & Pacific Air China  2016 1.15 1.00 1.12 1.00 

Asia & Pacific Air China  2017 0.98 1.00 0.99 1.00 

Asia & Pacific Air China  2018 1.09 1.00 0.00 1.00 

Asia & Pacific Cathay Pacific  2011 0.00 1.00 1.03 1.00 

Asia & Pacific Cathay Pacific  2012 1.00 1.00 1.02 1.00 

Asia & Pacific Cathay Pacific  2013 1.00 1.00 1.00 1.00 

Asia & Pacific Cathay Pacific  2014 1.01 1.00 1.07 1.00 

Asia & Pacific Cathay Pacific  2015 1.00 1.00 1.04 1.00 

Asia & Pacific Cathay Pacific  2016 0.99 1.00 0.96 1.00 

Asia & Pacific Cathay Pacific  2017 1.06 1.00 0.95 1.00 

Asia & Pacific Cathay Pacific  2018 1.07 1.00 0.00 1.00 

Asia & Pacific China Easternairways 2011 0.00 0.74 0.88 0.95 

Asia & Pacific China Easternairways 2012 0.74 0.87 0.89 0.97 

Asia & Pacific China Easternairways 2013 0.84 0.86 0.85 0.95 

Asia & Pacific China Easternairways 2014 0.89 0.88 0.83 0.94 

Asia & Pacific China Easternairways 2015 0.93 0.88 0.85 0.95 

Asia & Pacific China Easternairways 2016 0.88 0.85 0.84 0.95 

Asia & Pacific China Easternairways 2017 0.81 0.81 0.80 0.93 

Asia & Pacific China Easternairways 2018 0.81 0.80 0.00 0.95 

Asia & Pacific Japan Airlines 2011 0.00 0.90 1.02 0.90 

Asia & Pacific Japan Airlines 2012 0.89 1.00 1.03 1.00 

Asia & Pacific Japan Airlines 2013 0.98 1.00 0.98 1.00 

Asia & Pacific Japan Airlines 2014 1.01 0.99 0.92 1.00 

Asia & Pacific Japan Airlines 2015 1.01 0.95 0.95 0.95 

Asia & Pacific Japan Airlines 2016 0.93 0.92 0.92 0.93 

Asia & Pacific Japan Airlines 2017 0.92 0.92 0.91 0.93 

Asia & Pacific Japan Airlines 2018 0.93 0.92 0.00 0.93 

Asia & Pacific Korea Air 2011 0.00 1.00 1.30 1.00 

Asia & Pacific Korea Air 2012 0.97 1.00 1.04 1.00 
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Asia & Pacific Korea Air 2013 0.99 1.00 0.97 1.00 

Asia & Pacific Korea Air 2014 1.06 1.00 1.16 1.00 

Asia & Pacific Korea Air 2015 1.06 1.00 0.98 1.00 

Asia & Pacific Korea Air 2016 1.05 1.00 1.02 1.00 

Asia & Pacific Korea Air 2017 1.03 1.00 1.02 1.00 

Asia & Pacific Korea Air 2018 1.02 1.00 0.00 1.00 

Asia & Pacific Qantas 2011 0.00 0.88 0.92 0.98 

Asia & Pacific Qantas 2012 0.86 0.90 0.91 0.97 

Asia & Pacific Qantas 2013 0.90 0.92 0.90 0.95 

Asia & Pacific Qantas 2014 0.88 0.85 0.83 0.89 

Asia & Pacific Qantas 2015 0.95 0.92 0.88 0.92 

Asia & Pacific Qantas 2016 0.94 0.90 0.92 0.93 

Asia & Pacific Qantas 2017 0.89 0.91 0.92 0.93 

Asia & Pacific Qantas 2018 0.92 0.93 0.00 0.96 

Asia & Pacific Singapore Airline 2011 0.00 1.00 1.02 1.00 

Asia & Pacific Singapore Airline 2012 1.01 1.00 1.02 1.00 

Asia & Pacific Singapore Airline 2013 1.00 1.00 1.03 1.00 

Asia & Pacific Singapore Airline 2014 1.02 1.00 1.07 1.00 

Asia & Pacific Singapore Airline 2015 1.01 1.00 1.26 1.00 

Asia & Pacific Singapore Airline 2016 0.94 0.94 0.91 0.96 

Asia & Pacific Singapore Airline 2017 0.93 0.92 0.93 0.96 

Asia & Pacific Singapore Airline 2018 0.92 0.93 0.00 0.97 

Asia & Pacific Thai Airways 2011 0.00 0.89 0.91 0.89 

Asia & Pacific Thai Airways 2012 0.96 0.98 1.00 0.98 

Asia & Pacific Thai Airways 2013 0.87 0.89 0.88 0.93 

Asia & Pacific Thai Airways 2014 0.88 0.85 0.83 0.86 

Asia & Pacific Thai Airways 2015 0.89 0.86 0.92 0.89 

Asia & Pacific Thai Airways 2016 0.90 0.91 0.92 0.91 

Asia & Pacific Thai Airways 2017 0.92 0.96 0.96 0.97 

Asia & Pacific Thai Airways 2018 0.90 0.91 0.00 0.95 

Europe Aer Lingus 2011 0.00 1.00 1.03 1.00 

Europe Aer Lingus 2012 1.03 1.00 1.07 1.00 

Europe Aer Lingus 2013 1.00 1.00 1.06 1.00 

Europe Aer Lingus 2014 1.03 1.00 1.06 1.00 

Europe Aer Lingus 2015 1.13 1.00 1.02 1.00 

Europe Aer Lingus 2016 1.06 1.00 1.12 1.00 

Europe Aer Lingus 2017 1.00 1.00 1.05 1.00 

Europe Aer Lingus 2018 1.06 1.00 0.00 1.00 

Europe Aeroflot  2011 0.00 0.78 0.91 0.89 

Europe Aeroflot  2012 0.83 0.90 0.92 0.93 

Europe Aeroflot  2013 0.93 0.95 0.94 0.96 

Europe Aeroflot  2014 0.92 0.91 0.86 0.91 

Europe Aeroflot  2015 0.97 0.92 0.90 0.92 

Europe Aeroflot  2016 0.94 0.92 0.93 0.93 

Europe Aeroflot  2017 0.87 0.89 0.89 0.93 

Europe Aeroflot  2018 0.86 0.87 0.00 0.92 

Europe Alitalia  2011 0.00 0.83 0.87 0.86 

Europe Alitalia  2012 0.77 0.82 0.84 0.88 

Europe Alitalia  2013 0.84 0.85 0.83 0.88 

Europe Alitalia  2014 0.86 0.84 0.79 0.89 

Europe Alitalia  2015 0.87 0.81 0.81 0.88 

Europe Alitalia  2016 0.73 0.72 0.73 0.91 

Europe Alitalia  2017 0.69 0.70 0.70 0.90 

Europe Alitalia  2018 0.75 0.76 0.00 0.92 

Europe British Airways Plc 2011 0.00 0.88 0.91 0.99 

Europe British Airways Plc 2012 0.90 0.94 0.96 0.99 

Europe British Airways Plc 2013 0.96 0.99 0.97 1.00 

Europe British Airways Plc 2014 1.02 1.00 0.95 1.00 

Europe British Airways Plc 2015 1.04 0.98 0.94 0.98 

Europe British Airways Plc 2016 0.99 0.95 0.98 1.00 

Europe British Airways Plc 2017 0.95 0.99 0.99 1.00 

Europe British Airways Plc 2018 0.98 0.98 0.00 1.00 

Europe Easy Jet 2011 0.00 1.00 1.06 1.00 
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Europe Easy Jet 2012 1.01 1.00 1.02 1.00 

Europe Easy Jet 2013 1.03 1.00 0.98 1.00 

Europe Easy Jet 2014 1.06 1.00 1.02 1.00 

Europe Easy Jet 2015 1.04 1.00 0.95 1.00 

Europe Easy Jet 2016 1.00 0.92 0.96 1.00 

Europe Easy Jet 2017 0.91 0.95 0.98 1.00 

Europe Easy Jet 2018 0.95 0.96 0.00 1.00 

Europe Finair 2011 0.00 0.83 0.84 0.87 

Europe Finair 2012 0.92 0.93 0.94 0.96 

Europe Finair 2013 0.97 0.98 0.95 1.00 

Europe Finair 2014 1.05 1.00 1.00 1.00 

Europe Finair 2015 1.07 1.00 1.03 1.00 

Europe Finair 2016 1.00 1.00 1.05 1.00 

Europe Finair 2017 0.99 1.00 1.03 1.00 

Europe Finair 2018 1.01 1.00 0.00 1.00 

Europe Iberia  2011 0.00 0.89 0.91 0.96 

Europe Iberia  2012 0.86 0.87 0.89 0.99 

Europe Iberia  2013 0.82 0.84 0.81 0.93 

Europe Iberia  2014 0.86 0.83 0.80 0.92 

Europe Iberia  2015 0.89 0.84 0.81 0.91 

Europe Iberia  2016 1.03 1.00 1.00 1.00 

Europe Iberia  2017 1.02 1.00 1.00 1.00 

Europe Iberia  2018 1.01 1.00 0.00 1.00 

Europe KLM 2011 0.00 1.00 1.23 1.00 

Europe KLM 2012 0.90 0.97 0.98 1.00 

Europe KLM 2013 0.98 1.00 0.99 1.00 

Europe KLM 2014 1.00 0.99 0.93 1.00 

Europe KLM 2015 1.01 0.95 0.93 1.00 

Europe KLM 2016 0.99 0.96 0.97 1.00 

Europe KLM 2017 0.99 1.00 0.99 1.00 

Europe KLM 2018 1.02 1.00 0.00 1.00 

Europe Lufthansa  2011 0.00 0.84 0.90 1.00 

Europe Lufthansa  2012 0.86 0.92 0.94 1.00 

Europe Lufthansa  2013 0.91 0.92 0.89 1.00 

Europe Lufthansa  2014 0.92 0.89 0.83 1.00 

Europe Lufthansa  2015 0.91 0.86 0.87 1.00 

Europe Lufthansa  2016 0.86 0.87 0.90 1.00 

Europe Lufthansa  2017 0.89 0.91 0.90 1.00 

Europe Lufthansa  2018 0.89 0.89 0.00 1.00 

Europe RyanAir 2011 0.00 1.00 1.14 1.00 

Europe RyanAir 2012 1.02 1.00 1.08 1.00 

Europe RyanAir 2013 1.06 1.00 1.05 1.00 

Europe RyanAir 2014 1.02 1.00 0.97 1.00 

Europe RyanAir 2015 1.07 1.00 1.01 1.00 

Europe RyanAir 2016 1.07 1.00 1.12 1.00 

Europe RyanAir 2017 1.10 1.00 1.04 1.00 

Europe RyanAir 2018 1.01 1.00 0.00 1.00 

Europe SAS Airline 2011 0.00 0.85 0.90 0.89 

Europe SAS Airline 2012 0.80 0.85 0.86 0.90 

Europe SAS Airline 2013 0.91 0.93 0.90 0.93 

Europe SAS Airline 2014 0.90 0.87 0.86 0.91 

Europe SAS Airline 2015 0.91 0.93 0.89 0.93 

Europe SAS Airline 2016 0.96 0.91 0.92 0.93 

Europe SAS Airline 2017 1.00 1.00 0.96 1.00 

Europe SAS Airline 2018 1.06 1.00 0.00 1.00 

Europe Turkish Airlines 2011 0.00 0.85 0.88 0.87 

Europe Turkish Airlines 2012 0.89 0.94 0.95 0.94 

Europe Turkish Airlines 2013 0.94 0.93 0.92 0.94 

Europe Turkish Airlines 2014 0.98 0.96 1.00 0.99 

Europe Turkish Airlines 2015 0.95 0.92 0.90 0.93 

Europe Turkish Airlines 2016 0.92 0.82 0.86 0.89 

Europe Turkish Airlines 2017 0.90 0.90 0.88 0.90 

Europe Turkish Airlines 2018 0.94 0.91 0.00 0.93 
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Middle East Emirates Airline 2011 0.00 0.98 0.99 1.00 

Middle East Emirates Airline 2012 0.99 1.00 0.99 1.00 

Middle East Emirates Airline 2013 1.02 1.00 0.99 1.00 

Middle East Emirates Airline 2014 1.05 1.00 1.05 1.00 

Middle East Emirates Airline 2015 1.23 1.00 1.05 1.00 

Middle East Emirates Airline 2016 1.04 1.00 1.01 1.00 

Middle East Emirates Airline 2017 1.10 1.00 1.02 1.00 

Middle East Emirates Airline 2018 1.08 1.00 0.00 1.00 

Middle East Etihad Airline  2011 0.00 1.00 1.18 1.00 

Middle East Etihad Airline  2012 1.00 1.00 1.15 1.00 

Middle East Etihad Airline  2013 0.98 1.00 1.08 1.00 

Middle East Etihad Airline  2014 0.96 0.93 0.91 0.97 

Middle East Etihad Airline  2015 0.93 0.86 0.92 0.96 

Middle East Etihad Airline  2016 0.97 0.84 0.93 0.92 

Middle East Etihad Airline  2017 0.92 1.00 0.95 1.00 

Middle East Etihad Airline  2018 1.06 1.00 0.00 1.00 

Middle East Qatar Airways  2011 0.00 1.00 1.10 1.00 

Middle East Qatar Airways  2012 1.02 1.00 1.10 1.00 

Middle East Qatar Airways  2013 0.96 1.00 1.14 1.00 

Middle East Qatar Airways  2014 1.00 1.00 0.92 1.00 

Middle East Qatar Airways  2015 1.02 0.95 0.91 0.95 

Middle East Qatar Airways  2016 0.91 0.87 0.91 0.91 

Middle East Qatar Airways  2017 0.83 0.86 0.85 0.86 

Middle East Qatar Airways  2018 0.82 0.82 0.00 0.82 

North America Air Canada 2011 0.00 0.80 0.86 0.95 

North America Air Canada 2012 0.82 0.88 0.88 0.95 

North America Air Canada 2013 0.89 0.89 0.88 0.94 

North America Air Canada 2014 0.91 0.89 0.85 0.94 

North America Air Canada 2015 0.94 0.89 0.88 0.93 

North America Air Canada 2016 0.87 0.87 0.87 0.89 

North America Air Canada 2017 0.86 0.87 0.87 0.89 

North America Air Canada 2018 0.88 0.88 0.00 0.90 

North America Alaska 2011 0.00 0.90 0.95 0.99 

North America Alaska 2012 0.91 0.96 0.96 1.00 

North America Alaska 2013 1.01 1.00 0.99 1.00 

North America Alaska 2014 1.02 1.00 0.95 1.00 

North America Alaska 2015 1.07 1.00 1.02 1.00 

North America Alaska 2016 1.54 1.00 1.51 1.00 

North America Alaska 2017 0.92 0.91 0.91 0.92 

North America Alaska 2018 0.84 0.84 0.00 0.90 

North America Delta Airlines 2011 0.00 0.87 0.93 1.00 

North America Delta Airlines 2012 0.88 0.94 0.96 1.00 

North America Delta Airlines 2013 0.97 0.99 0.96 1.00 

North America Delta Airlines 2014 0.97 0.94 1.02 1.00 

North America Delta Airlines 2015 1.08 1.00 1.03 1.00 

North America Delta Airlines 2016 0.99 1.00 1.03 1.00 

North America Delta Airlines 2017 1.05 1.00 1.01 1.00 

North America Delta Airlines 2018 1.10 1.00 0.00 1.00 

North America Hawaiian Airlines 2011 0.00 1.00 1.16 1.00 

North America Hawaiian Airlines 2012 1.00 1.00 1.11 1.00 

North America Hawaiian Airlines 2013 0.99 1.00 1.02 1.00 

North America Hawaiian Airlines 2014 1.05 1.00 1.00 1.00 

North America Hawaiian Airlines 2015 1.11 1.00 1.05 1.00 

North America Hawaiian Airlines 2016 0.97 1.00 1.01 1.00 

North America Hawaiian Airlines 2017 1.01 1.00 1.06 1.00 

North America Hawaiian Airlines 2018 0.94 0.98 0.00 1.00 

North America Jet Blue 2011 0.00 0.88 0.92 0.95 

North America Jet Blue 2012 0.89 0.93 0.93 0.97 

North America Jet Blue 2013 0.94 0.93 0.92 0.96 

North America Jet Blue 2014 0.94 0.92 0.88 0.95 

North America Jet Blue 2015 1.03 0.97 0.97 0.99 

North America Jet Blue 2016 0.98 0.98 0.97 0.98 

North America Jet Blue 2017 0.92 0.91 0.91 0.93 
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North America Jet Blue 2018 0.83 0.84 0.00 0.94 

North America Southwest 2011 0.00 0.81 0.88 0.95 

North America Southwest 2012 0.82 0.88 0.88 0.95 

North America Southwest 2013 0.91 0.91 0.89 0.97 

North America Southwest 2014 0.96 0.94 0.89 1.00 

North America Southwest 2015 1.04 0.98 0.99 1.00 

North America Southwest 2016 0.94 0.95 0.94 0.98 

North America Southwest 2017 0.94 0.92 0.92 1.00 

North America Southwest 2018 0.91 0.91 0.00 0.99 

North America United Airways 2011 0.00 0.85 0.90 1.00 

North America United Airways 2012 0.82 0.86 0.87 1.00 

North America United Airways 2013 0.89 0.90 0.88 1.00 

North America United Airways 2014 0.93 0.91 0.86 1.00 

North America United Airways 2015 0.97 0.92 0.91 0.98 

North America United Airways 2016 0.90 0.89 0.89 0.98 

North America United Airways 2017 0.87 0.88 0.88 0.96 

North America United Airways 2018 0.87 0.88 0.00 0.99 

North America West Jet Airlines 2011 0.00 0.94 0.96 0.98 

North America West Jet Airlines 2012 0.94 0.97 1.01 1.00 

North America West Jet Airlines 2013 0.97 1.00 0.98 1.00 

North America West Jet Airlines 2014 1.00 0.98 0.90 0.99 

North America West Jet Airlines 2015 1.01 0.93 0.95 0.98 

North America West Jet Airlines 2016 0.90 0.91 0.91 0.98 

North America West Jet Airlines 2017 0.90 0.89 0.90 0.96 

North America West Jet Airlines 2018 0.83 0.84 0.00 0.96 

South America LATAM Airlines 2011 0.00 1.00 1.63 1.00 

South America LATAM Airlines 2012 0.78 0.86 0.89 0.94 

South America LATAM Airlines 2013 0.90 0.92 0.91 0.95 

South America LATAM Airlines 2014 0.92 0.91 0.85 0.95 

South America LATAM Airlines 2015 0.92 0.87 0.84 0.94 

South America LATAM Airlines 2016 0.90 0.85 0.88 0.92 

South America LATAM Airlines 2017 0.87 0.90 0.88 0.91 

South America LATAM Airlines 2018 1.04 1.00 0.00 1.00 
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Appendix 12 Malmquist Productivity Index Input year wise DEAP Results 

Region DMU Year effch techch pech sech tfpch 

Africa Ethiopian Airlines 2011           

Africa Ethiopian Airlines 2012 1.00 0.90 1.00 1.00 0.90 

Africa Ethiopian Airlines 2013 1.00 0.99 1.00 1.00 0.99 

Africa Ethiopian Airlines 2014 1.00 0.96 1.00 1.00 0.96 

Africa Ethiopian Airlines 2015 1.00 0.99 1.00 1.00 0.99 

Africa Ethiopian Airlines 2016 0.94 1.11 0.95 0.99 1.04 

Africa Ethiopian Airlines 2017 1.00 0.91 1.01 0.99 0.91 

Africa Ethiopian Airlines 2018 0.93 1.00 0.91 1.02 0.92 

Africa Kenya Air 2011           

Africa Kenya Air 2012 1.00 0.92 1.00 1.00 0.92 

Africa Kenya Air 2013 1.00 0.89 1.00 1.00 0.89 

Africa Kenya Air 2014 1.00 0.93 1.00 1.00 0.93 

Africa Kenya Air 2015 1.00 0.88 1.00 1.00 0.88 

Africa Kenya Air 2016 1.00 1.22 1.00 1.00 1.22 

Africa Kenya Air 2017 1.00 1.14 1.00 1.00 1.14 

Africa Kenya Air 2018 1.00 1.05 1.00 1.00 1.05 

Africa South Africa Airways 2011           

Africa South Africa Airways 2012 0.98 0.94 0.97 1.01 0.92 

Africa South Africa Airways 2013 1.13 0.94 1.13 1.00 1.06 

Africa South Africa Airways 2014 1.00 1.10 1.00 1.00 1.10 

Africa South Africa Airways 2015 0.88 0.96 0.94 0.94 0.84 

Africa South Africa Airways 2016 1.08 0.99 1.05 1.02 1.07 

Africa South Africa Airways 2017 0.89 0.95 0.89 1.00 0.84 

Africa South Africa Airways 2018 1.03 0.97 1.02 1.00 0.99 

Asia & Pacific Air China  2011           

Asia & Pacific Air China  2012 1.09 0.92 1.00 1.09 1.00 

Asia & Pacific Air China  2013 1.00 0.96 1.00 1.00 0.96 

Asia & Pacific Air China  2014 1.00 1.04 1.00 1.00 1.04 

Asia & Pacific Air China  2015 1.00 0.99 1.00 1.00 0.99 

Asia & Pacific Air China  2016 1.00 1.10 1.00 1.00 1.10 

Asia & Pacific Air China  2017 1.00 0.94 1.00 1.00 0.94 

Asia & Pacific Air China  2018 1.00 1.05 1.00 1.00 1.05 

Asia & Pacific Cathay Pacific  2011           

Asia & Pacific Cathay Pacific  2012 1.00 0.99 1.00 1.00 0.99 

Asia & Pacific Cathay Pacific  2013 1.00 0.99 1.00 1.00 0.99 

Asia & Pacific Cathay Pacific  2014 1.00 1.00 1.00 1.00 1.00 

Asia & Pacific Cathay Pacific  2015 1.00 0.97 1.00 1.00 0.97 

Asia & Pacific Cathay Pacific  2016 1.00 0.98 1.00 1.00 0.98 

Asia & Pacific Cathay Pacific  2017 1.00 1.05 1.00 1.00 1.05 

Asia & Pacific Cathay Pacific  2018 1.00 1.06 1.00 1.00 1.06 

Asia & Pacific China Easternairways 2011           

Asia & Pacific China Easternairways 2012 1.19 0.84 1.11 1.07 1.00 

Asia & Pacific China Easternairways 2013 0.98 0.98 0.99 1.00 0.96 

Asia & Pacific China Easternairways 2014 1.03 1.01 1.00 1.03 1.04 

Asia & Pacific China Easternairways 2015 1.00 1.06 1.01 0.99 1.06 

Asia & Pacific China Easternairways 2016 0.96 1.04 1.01 0.95 1.00 

Asia & Pacific China Easternairways 2017 0.96 1.00 0.97 0.99 0.96 

Asia & Pacific China Easternairways 2018 0.98 1.02 1.02 0.96 1.00 

Asia & Pacific Japan Airlines 2011           

Asia & Pacific Japan Airlines 2012 1.11 0.89 1.11 1.00 0.99 

Asia & Pacific Japan Airlines 2013 1.00 0.97 1.00 1.00 0.97 

Asia & Pacific Japan Airlines 2014 0.99 1.02 1.00 0.99 1.01 

Asia & Pacific Japan Airlines 2015 0.96 1.07 0.95 1.01 1.03 

Asia & Pacific Japan Airlines 2016 0.97 1.00 0.98 1.00 0.98 

Asia & Pacific Japan Airlines 2017 1.00 1.00 1.00 1.00 1.00 

Asia & Pacific Japan Airlines 2018 1.00 1.01 1.00 1.00 1.01 

Asia & Pacific Korea Air 2011           

Asia & Pacific Korea Air 2012 1.00 0.87 1.00 1.00 0.87 

Asia & Pacific Korea Air 2013 1.00 0.98 1.00 1.00 0.98 
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Asia & Pacific Korea Air 2014 1.00 1.05 1.00 1.00 1.05 

Asia & Pacific Korea Air 2015 1.00 0.96 1.00 1.00 0.96 

Asia & Pacific Korea Air 2016 1.00 1.04 1.00 1.00 1.04 

Asia & Pacific Korea Air 2017 1.00 1.01 1.00 1.00 1.01 

Asia & Pacific Korea Air 2018 1.00 1.00 1.00 1.00 1.00 

Asia & Pacific Qantas 2011           

Asia & Pacific Qantas 2012 1.02 0.96 0.99 1.02 0.98 

Asia & Pacific Qantas 2013 1.02 0.98 0.99 1.03 1.00 

Asia & Pacific Qantas 2014 0.93 1.03 0.94 0.99 0.96 

Asia & Pacific Qantas 2015 1.07 1.03 1.05 1.02 1.11 

Asia & Pacific Qantas 2016 0.98 1.04 1.01 0.97 1.02 

Asia & Pacific Qantas 2017 1.01 0.98 1.00 1.01 0.99 

Asia & Pacific Qantas 2018 1.02 0.99 1.02 1.00 1.01 

Asia & Pacific Singapore Airline 2011           

Asia & Pacific Singapore Airline 2012 1.00 0.99 1.00 1.00 0.99 

Asia & Pacific Singapore Airline 2013 1.00 0.99 1.00 1.00 0.99 

Asia & Pacific Singapore Airline 2014 1.00 1.00 1.00 1.00 1.00 

Asia & Pacific Singapore Airline 2015 1.00 0.97 1.00 1.00 0.97 

Asia & Pacific Singapore Airline 2016 0.94 0.89 0.94 1.00 0.84 

Asia & Pacific Singapore Airline 2017 0.98 1.02 0.98 1.00 1.00 

Asia & Pacific Singapore Airline 2018 1.01 0.99 1.02 0.99 1.00 

Asia & Pacific Thai Airways 2011           

Asia & Pacific Thai Airways 2012 1.10 0.98 1.09 1.00 1.08 

Asia & Pacific Thai Airways 2013 0.91 0.98 0.91 1.00 0.89 

Asia & Pacific Thai Airways 2014 0.96 1.03 0.96 0.99 0.98 

Asia & Pacific Thai Airways 2015 1.01 1.03 1.01 0.99 1.04 

Asia & Pacific Thai Airways 2016 1.06 0.96 1.06 1.00 1.02 

Asia & Pacific Thai Airways 2017 1.05 0.98 1.04 1.01 1.03 

Asia & Pacific Thai Airways 2018 0.95 0.99 0.95 1.00 0.95 

Europe Aer Lingus 2011           

Europe Aer Lingus 2012 1.00 1.00 1.00 1.00 1.00 

Europe Aer Lingus 2013 1.00 0.97 1.00 1.00 0.97 

Europe Aer Lingus 2014 1.00 0.99 1.00 1.00 0.99 

Europe Aer Lingus 2015 1.00 1.03 1.00 1.00 1.03 

Europe Aer Lingus 2016 1.00 1.02 1.00 1.00 1.02 

Europe Aer Lingus 2017 1.00 0.94 1.00 1.00 0.94 

Europe Aer Lingus 2018 1.00 1.00 1.00 1.00 1.00 

Europe Aeroflot  2011           

Europe Aeroflot  2012 1.15 0.89 1.17 0.99 1.03 

Europe Aeroflot  2013 1.06 0.97 1.05 1.01 1.03 

Europe Aeroflot  2014 0.95 1.01 0.95 1.00 0.96 

Europe Aeroflot  2015 1.01 1.06 1.01 1.00 1.07 

Europe Aeroflot  2016 1.00 1.02 1.01 0.99 1.02 

Europe Aeroflot  2017 0.96 0.98 0.98 0.99 0.95 

Europe Aeroflot  2018 0.98 0.99 0.99 0.99 0.97 

Europe Alitalia  2011           

Europe Alitalia  2012 0.99 0.94 0.99 1.00 0.93 

Europe Alitalia  2013 1.04 0.98 1.04 1.00 1.02 

Europe Alitalia  2014 0.98 1.03 0.98 1.00 1.01 

Europe Alitalia  2015 0.97 1.07 0.97 1.00 1.04 

Europe Alitalia  2016 0.89 1.01 0.89 1.00 0.90 

Europe Alitalia  2017 0.97 0.99 0.97 1.00 0.95 

Europe Alitalia  2018 1.09 0.99 1.08 1.00 1.07 

Europe British Airways Plc 2011           

Europe British Airways Plc 2012 1.06 0.97 1.03 1.03 1.03 

Europe British Airways Plc 2013 1.06 0.98 1.02 1.04 1.03 

Europe British Airways Plc 2014 1.01 1.02 1.00 1.01 1.03 

Europe British Airways Plc 2015 0.98 1.06 0.98 1.00 1.04 

Europe British Airways Plc 2016 0.97 1.05 1.02 0.95 1.01 

Europe British Airways Plc 2017 1.04 0.96 1.00 1.04 1.01 

Europe British Airways Plc 2018 0.99 1.00 1.00 1.00 1.00 

Europe Easy Jet 2011           

Europe Easy Jet 2012 1.00 0.98 1.00 1.00 0.98 
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Europe Easy Jet 2013 1.00 1.01 1.00 1.00 1.01 

Europe Easy Jet 2014 1.00 1.04 1.00 1.00 1.04 

Europe Easy Jet 2015 1.00 1.01 1.00 1.00 1.01 

Europe Easy Jet 2016 0.92 1.07 1.00 0.92 0.98 

Europe Easy Jet 2017 1.04 0.95 1.00 1.04 0.99 

Europe Easy Jet 2018 1.01 0.98 1.00 1.01 0.99 

Europe Finnair 2011           

Europe Finnair 2012 1.12 0.99 1.12 1.00 1.11 

Europe Finnair 2013 1.06 0.99 1.08 0.98 1.05 

Europe Finnair 2014 1.02 1.04 1.00 1.02 1.06 

Europe Finnair 2015 1.00 1.03 1.00 1.00 1.03 

Europe Finnair 2016 1.00 0.99 1.00 1.00 0.99 

Europe Finnair 2017 1.00 0.97 1.00 1.00 0.97 

Europe Finnair 2018 1.00 0.99 1.00 1.00 0.99 

Europe Iberia  2011           

Europe Iberia  2012 0.98 0.98 1.06 0.92 0.96 

Europe Iberia  2013 0.96 0.98 0.89 1.08 0.94 

Europe Iberia  2014 1.00 1.03 1.00 1.00 1.03 

Europe Iberia  2015 1.01 1.05 1.01 1.00 1.06 

Europe Iberia  2016 1.19 1.03 1.19 1.00 1.23 

Europe Iberia  2017 1.00 1.01 1.00 1.00 1.01 

Europe Iberia  2018 1.00 1.00 1.00 1.00 1.00 

Europe KLM 2011           

Europe KLM 2012 0.97 0.87 1.00 0.97 0.84 

Europe KLM 2013 1.04 0.98 1.00 1.04 1.02 

Europe KLM 2014 0.99 1.01 1.00 0.99 1.00 

Europe KLM 2015 0.97 1.06 1.00 0.97 1.02 

Europe KLM 2016 1.01 1.03 1.00 1.01 1.04 

Europe KLM 2017 1.04 0.99 1.00 1.04 1.03 

Europe KLM 2018 1.00 1.01 1.00 1.00 1.01 

Europe Lufthansa  2011           

Europe Lufthansa  2012 1.10 0.93 1.00 1.10 1.03 

Europe Lufthansa  2013 1.01 0.98 1.00 1.01 0.99 

Europe Lufthansa  2014 0.96 1.04 1.00 0.96 1.00 

Europe Lufthansa  2015 0.96 1.07 1.00 0.96 1.03 

Europe Lufthansa  2016 1.02 0.99 1.00 1.02 1.01 

Europe Lufthansa  2017 1.04 0.98 1.00 1.04 1.01 

Europe Lufthansa  2018 0.98 1.01 1.00 0.98 0.98 

Europe RyanAir 2011           

Europe RyanAir 2012 1.00 0.95 1.00 1.00 0.95 

Europe RyanAir 2013 1.00 0.99 1.00 1.00 0.99 

Europe RyanAir 2014 1.00 0.99 1.00 1.00 0.99 

Europe RyanAir 2015 1.00 1.05 1.00 1.00 1.05 

Europe RyanAir 2016 1.00 1.03 1.00 1.00 1.03 

Europe RyanAir 2017 1.00 0.99 1.00 1.00 0.99 

Europe RyanAir 2018 1.00 0.99 1.00 1.00 0.99 

Europe SAS Airline 2011           

Europe SAS Airline 2012 1.00 0.94 1.00 1.00 0.94 

Europe SAS Airline 2013 1.09 0.99 1.09 1.00 1.07 

Europe SAS Airline 2014 0.94 1.03 0.94 1.00 0.97 

Europe SAS Airline 2015 1.07 1.00 1.07 1.00 1.07 

Europe SAS Airline 2016 0.98 1.05 0.98 1.00 1.03 

Europe SAS Airline 2017 1.10 0.99 1.10 1.00 1.09 

Europe SAS Airline 2018 1.00 1.05 1.00 1.00 1.05 

Europe Turkish Airlines 2011           

Europe Turkish Airlines 2012 1.10 0.96 1.10 1.00 1.06 

Europe Turkish Airlines 2013 0.99 1.00 0.99 1.00 0.99 

Europe Turkish Airlines 2014 1.03 1.02 1.06 0.98 1.05 

Europe Turkish Airlines 2015 0.96 0.99 0.93 1.03 0.95 

Europe Turkish Airlines 2016 0.89 1.07 0.95 0.94 0.95 

Europe Turkish Airlines 2017 1.10 0.98 1.03 1.07 1.07 

Europe Turkish Airlines 2018 1.01 1.03 1.01 1.00 1.04 

Middle East Emirates Airline 2011           
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Middle East Emirates Airline 2012 1.02 0.99 1.00 1.02 1.01 

Middle East Emirates Airline 2013 1.00 1.01 1.00 1.00 1.01 

Middle East Emirates Airline 2014 1.00 1.03 1.00 1.00 1.03 

Middle East Emirates Airline 2015 1.00 1.08 1.00 1.00 1.08 

Middle East Emirates Airline 2016 1.00 1.00 1.00 1.00 1.00 

Middle East Emirates Airline 2017 1.00 1.04 1.00 1.00 1.04 

Middle East Emirates Airline 2018 1.00 1.03 1.00 1.00 1.03 

Middle East Etihad Airline  2011           

Middle East Etihad Airline  2012 1.00 0.92 1.00 1.00 0.92 

Middle East Etihad Airline  2013 1.00 0.92 1.00 1.00 0.92 

Middle East Etihad Airline  2014 0.93 0.98 0.95 0.99 0.91 

Middle East Etihad Airline  2015 0.92 1.06 0.91 1.01 0.97 

Middle East Etihad Airline  2016 0.98 1.03 0.98 1.00 1.01 

Middle East Etihad Airline  2017 1.19 0.91 1.18 1.01 1.08 

Middle East Etihad Airline  2018 1.00 1.06 1.00 1.00 1.06 

Middle East Qatar Airways  2011           

Middle East Qatar Airways  2012 1.00 0.97 1.00 1.00 0.97 

Middle East Qatar Airways  2013 1.00 0.93 1.00 1.00 0.93 

Middle East Qatar Airways  2014 1.00 0.94 1.00 1.00 0.94 

Middle East Qatar Airways  2015 0.95 1.08 0.95 1.00 1.03 

Middle East Qatar Airways  2016 0.91 1.04 0.95 0.96 0.95 

Middle East Qatar Airways  2017 0.99 0.96 0.95 1.04 0.95 

Middle East Qatar Airways  2018 0.95 1.01 0.95 1.00 0.96 

North America Air Canada 2011           

North America Air Canada 2012 1.09 0.94 1.14 0.96 1.02 

North America Air Canada 2013 1.02 1.00 1.00 1.02 1.01 

North America Air Canada 2014 1.00 1.02 1.00 1.00 1.02 

North America Air Canada 2015 1.00 1.05 0.97 1.03 1.05 

North America Air Canada 2016 0.98 1.01 0.98 1.00 0.99 

North America Air Canada 2017 1.00 1.00 1.01 0.99 1.00 

North America Air Canada 2018 1.02 0.99 1.02 1.00 1.01 

North America Alaska 2011           

North America Alaska 2012 1.07 0.95 1.10 0.98 1.02 

North America Alaska 2013 1.04 1.01 1.00 1.04 1.05 

North America Alaska 2014 1.00 1.02 1.00 1.00 1.02 

North America Alaska 2015 1.00 1.06 1.00 1.00 1.06 

North America Alaska 2016 1.00 1.23 1.00 1.00 1.23 

North America Alaska 2017 0.91 0.82 0.92 0.99 0.75 

North America Alaska 2018 0.92 1.00 0.92 1.01 0.92 

North America Delta Airlines 2011           

North America Delta Airlines 2012 1.09 0.93 1.00 1.09 1.01 

North America Delta Airlines 2013 1.05 0.98 1.00 1.05 1.03 

North America Delta Airlines 2014 0.94 1.04 1.00 0.94 0.98 

North America Delta Airlines 2015 1.07 0.99 1.00 1.07 1.06 

North America Delta Airlines 2016 1.00 0.98 1.00 1.00 0.98 

North America Delta Airlines 2017 1.00 1.01 1.00 1.00 1.01 

North America Delta Airlines 2018 1.00 1.05 1.00 1.00 1.05 

North America Hawaiian Airlines 2011           

North America Hawaiian Airlines 2012 1.00 0.93 1.00 1.00 0.93 

North America Hawaiian Airlines 2013 1.00 0.94 1.00 1.00 0.94 

North America Hawaiian Airlines 2014 1.00 1.01 1.00 1.00 1.01 

North America Hawaiian Airlines 2015 1.00 1.05 1.00 1.00 1.05 

North America Hawaiian Airlines 2016 1.00 0.96 1.00 1.00 0.96 

North America Hawaiian Airlines 2017 1.00 1.00 1.00 1.00 1.00 

North America Hawaiian Airlines 2018 0.98 0.95 1.00 0.98 0.93 

North America Jet Blue 2011           

North America Jet Blue 2012 1.06 0.95 1.08 0.98 1.01 

North America Jet Blue 2013 1.00 1.00 0.98 1.02 1.00 

North America Jet Blue 2014 0.99 1.02 0.99 1.00 1.01 

North America Jet Blue 2015 1.05 1.05 1.06 0.99 1.11 

North America Jet Blue 2016 1.01 1.00 1.00 1.01 1.01 

North America Jet Blue 2017 0.93 1.01 0.93 1.00 0.94 

North America Jet Blue 2018 0.92 0.99 0.92 1.00 0.92 
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North America Southwest 2011           

North America Southwest 2012 1.08 0.93 1.09 1.00 1.00 

North America Southwest 2013 1.04 1.00 1.02 1.02 1.04 

North America Southwest 2014 1.03 1.02 1.04 1.00 1.05 

North America Southwest 2015 1.04 1.06 1.00 1.04 1.10 

North America Southwest 2016 0.97 0.99 0.98 0.99 0.96 

North America Southwest 2017 0.98 1.01 1.01 0.96 0.99 

North America Southwest 2018 0.98 1.00 0.99 0.99 0.98 

North America United Airways 2011           

North America United Airways 2012 1.02 0.94 1.00 1.02 0.96 

North America United Airways 2013 1.04 0.99 1.00 1.04 1.03 

North America United Airways 2014 1.01 1.02 1.00 1.01 1.03 

North America United Airways 2015 1.02 1.06 0.94 1.08 1.07 

North America United Airways 2016 0.97 1.01 1.00 0.97 0.98 

North America United Airways 2017 0.98 1.00 1.01 0.97 0.98 

North America United Airways 2018 1.00 0.99 1.01 0.99 0.99 

North America West Jet Airlines 2011           

North America West Jet Airlines 2012 1.04 0.97 1.04 1.00 1.01 

North America West Jet Airlines 2013 1.03 0.96 1.00 1.03 0.99 

North America West Jet Airlines 2014 0.98 1.02 0.99 1.00 1.00 

North America West Jet Airlines 2015 0.94 1.09 0.94 1.00 1.03 

North America West Jet Airlines 2016 0.98 0.98 0.99 1.00 0.96 

North America West Jet Airlines 2017 0.98 1.01 0.98 1.00 0.98 

North America West Jet Airlines 2018 0.94 0.99 0.96 0.99 0.93 

South America LATAM Airlines 2011           

South America LATAM Airlines 2012 0.86 0.75 0.91 0.95 0.64 

South America LATAM Airlines 2013 1.07 0.98 1.02 1.04 1.04 

South America LATAM Airlines 2014 0.99 1.01 0.98 1.00 1.00 

South America LATAM Airlines 2015 0.96 1.06 0.95 1.01 1.02 

South America LATAM Airlines 2016 0.98 1.05 1.01 0.97 1.03 

South America LATAM Airlines 2017 1.06 0.97 1.02 1.03 1.02 

South America LATAM Airlines 2018 1.11 1.03 1.11 1.00 1.15 
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Appendix 13 airlines and annual report sources 

 Airline Data Source Remarks 

1 British Airways IAG – International Airlines Group – Results and reports (iairgroup.com)  

2 Cathay Pacific Cathay Pacific Airways Limited Annual Report 2020  

3 Emirates Airline Annual reports | Financial transparency | About us | Emirates  

4 Etihad Airline Fast Facts (etihadaviationgroup.com)  

5 Qatar Airways Annual reports | Qatar Airways  

6 Singapore Airline Annual Report and Sustainability Report | Singapore Airlines  

7 Ethiopian Airlines Ethiopian Airlines Performance Report  

8 Turkish Airlines Turkish Airlines - Investor Relations  

9 Air Canada Air Canada - AnnualReports.com  

10 Thai Airways Thai Airway International (THAI) (thaiairways.com)  

11 KLM Publications | Air France KLM  

12 Ryanair Ryanair | Reports & Presentations  

13 Easy Jet easyJet plc - AnnualReports.com  

14 Delta Airlines Delta Air Lines, Inc. - Financials  

15 Qantas Qantas Investors | Investor Centre  

16 South Africa Airways Financial Results - South African Airways (flysaa.com)  

17 SAS Airline Annual Reports - SAS (sasgroup.net)  

18 Lufthansa Financial reports - Lufthansa Group Investor Relations  

19 United Airways Investor Relations - United Airlines Holdings, Inc.  

20 Alitalia Account statement (alitalia.com) ** 

21 Finnair Reports and presentations – Finnair  

22 Aer Lingus IAG – International Airlines Group – Results and reports (iairgroup.com)  

23 Jet Blue JetBlue | Annual Reports  

24 West Jet Airlines WestJet Airlines Ltd. - AnnualReports.com  

25 LATAM Airlines Annual Reports | Financial Information | Investor Relations | LATAM Airlines Group SA  

26 Korea Air Financial Information | Korean Air  

27 Southwest Annual Reports – Southwest Airlines (southwestairlinesinvestorrelations.com)  

28 China Eastern 

airways 

Financial reports: China Eastern Airlines Corporation Limited 中國東方航空股份有限公

司 (webb-site.com) 

 

29 Japan Airlines Investor Relations | JAPAN AIRLINES Corporate Information (jal.com)  

30 Iberia IAG – International Airlines Group – Results and reports (iairgroup.com)  

31 Alaska Financial reports | Alaska Air Group Inc  

32 Hawaiian Airlines Hawaiian Holdings, Inc. - AnnualReports.com  

33 Kenya Air https://www.dse.co.tz/sites/default/files/Kenya Airways Plc_Annual Report 2019.pdf  

34 Air China Annual Report and Prospectus | China Airlines (china-airlines.com)  

35 Aeroflot Financial Results | Aeroflot  

 

 

https://www.iairgroup.com/en/investors-and-shareholders/results-and-reports
https://www.cathaypacific.com/content/dam/cx/about-us/investor-relations/interim-annual-reports/en/2020_cx_annual_report_en.pdf
https://www.emirates.com/english/about-us/financial-transparency/annual-reports/
https://www.etihadaviationgroup.com/en-ae/fast-facts
https://www.qatarairways.com/en/about-qatar-airways/annual-reports.html
https://www.singaporeair.com/en_UK/sg/about-us/information-for-investors/annual-report/
https://corporate.ethiopianairlines.com/media/Performance-Report
https://investor.turkishairlines.com/en/financial-and-operational/annual-reports
https://www.annualreports.com/Company/air-canada
https://investor.thaiairways.com/en
https://www.airfranceklm.com/en/finance/publications
https://investor.ryanair.com/results/
https://www.annualreports.com/Company/easyjet-plc
https://ir.delta.com/financials/default.aspx
https://investor.qantas.com/investors/?page=annual-reports
https://www.flysaa.com/about-us/leading-carrier/media-center/financial-results
https://www.sasgroup.net/investor-relations/financial-reports/annual-reports/
https://investor-relations.lufthansagroup.com/en/publications/financial-reports.html
https://ir.united.com/investor-relations
https://www.alitalia.com/en_eg/personal-area/account-statement.html
https://investors.finnair.com/en/reports-and-presentations
https://www.iairgroup.com/en/investors-and-shareholders/results-and-reports
http://investor.jetblue.com/investor-relations/financial-information/reports/annual-reports.aspx
https://www.annualreports.com/Company/WestJet-Airlinesltd
http://www.latamairlinesgroup.net/financial-information/annual-reports
https://www.koreanair.com/us/en/footer/about-us/investor-relations/financial-information
https://www.southwestairlinesinvestorrelations.com/financials/company-reports/annual-reports
https://webb-site.com/dbpub/docs.asp?p=4794
https://webb-site.com/dbpub/docs.asp?p=4794
https://www.jal.com/en/investor/index2.html
https://www.iairgroup.com/en/investors-and-shareholders/results-and-reports
https://investor.alaskaair.com/financial-information/annual-reports
https://www.annualreports.com/Company/hawaiian-holdings-inc
https://www.dse.co.tz/sites/default/files/Kenya%20Airways%20Plc_Annual%20Report%202019.pdf
https://www.china-airlines.com/de/en/investor-relations/annual-report
https://ir.aeroflot.com/en/reporting/financial-results/
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Appendix 14 Selected Previous DEA studies 1993 - 2021 

Authors  Sample & Size Method 
applied 

Input  Output Second Stage  Main outcome Journal  

Schefczyk 
(1993)  

15 international 
airlines 1990 

DEA input-
oriented 
model 

ATK, 
operating 
cost, non-
flights assets 

RPK, non-
passenger 
revenue,  

 DEA can give 
objective 
evaluations of 
operational 
performance that 
are not susceptible 
to subjective 
interpretation. 

Strategic 
management 
journal 

Banker and 
Johnston 
(1994)  

12 US airlines 
1981-1985 

DEA  10 inputs RPM  The DEA’s value for 
management is 
increased by 
improving its 
capacity to analyse 
the realized 
implications of 
operational and 
business strategies. 

Theory, 
Methodology, and 
Applications 

Good et al. 
(1995) 

8 US & 8 EU 
airlines 1976-
1986 

DEA Labour, 
operating 
cost, aircraft 
fleet 

Load factor, 
stage length, 
per cent of 
the wide fleet 
body, 
turboprops, 
network size 

 Carriers in Europe, 
after deregulation, 
are expected to be 
as productively 
efficient as those in 
the US. 

European journal 
of operational 
research 

Sengupta 
(1999)  

14 
International 
1988-1994 

DEA  ATK, 
operating 
cost, non-
flight assets 

RPK, non-
passengers’ 
revenue 

 Allocative efficiency 
and production 
efficiency Dynamic 
effectiveness 
Utilization of 
Capital 

International 
Journal of 
Production 
Economics 

Fethi et al. 
(2000) 

17 EU 1991-
1995 

DEA + TOBIT ATK, 
operating 
revenue, 
non-flight 
assets 

RPK, non-
passengers’ 
revenue 

TOBIT regression 
2nd stage 

When faced with 
competition, 
airlines may try to 
take advantage of 
economies of scale 
and density. 

University of 
Leicester 
Management 
Centre 

Sheraga 
(2004) 

38 international 
1995-2000 

DEA + TOBIT ATK, 
operating 
cost, non-
flight assets 

RPK, non-
passengers’ 
revenue 

TOBIT regression 
2nd stage 

As a result of the 
events of 
September 11th, 
airlines that had 
adopted operating 
techniques that 
were reasonably 
efficient found 
themselves in 
vulnerable financial 
circumstances. 

Transportation 
Research Part A: 
Policy and Practice 

Chiou and 
Chen (2006) 

1 Taiwanese 
(15 routs) 2001 

DEA Fuel cost, 
labour cost, 
aircraft cost, 
number of 
flights, seat 
per miles 

Number of 
flights, seat 
miles, 
passengers’ 
miles, 
passenger 
number 

 Determine how 
efficient and 
successful each 
route is from three 
different views, and 
then group them 
into four 
categories. 

Transportation 
Research Part E 

Greer (2006) 7 Full service & 
7 Low-cost US 
airlines 

DEA Labour, fuel, 
fleet 
widebody 
capacity 

ASM  Low-cost carriers 
are more efficient 
the full service  

A Data 
Envelopment 
Analysis 



297 

 

Inglada et al. 
(2006) 

20 
International 
airlines 1996-
2000 

BCC-DEA and 
TFP index 

Number of 
employees 
the capacity 
of aircraft, 
ATKs, labour 
cost, 
material cost  

Operational 
cost, Labour 
cost  

 Two stochastic 
frontiers are 
estimated. Cost 
function and 
Production 
function. The main 
result is that 
competition affects 
the efficiency 

Transportation 
Research Part A: 
Policy and Practice 

Barbot et al. 
(2008)  

47 global 
airlines 2005 

BCC-DEA and 
TFP index 

Number of 
employees, 
fleet size, 
fuel 

RPK, RTK Regression  Two methodologies 
were used to 
identify which 
elements had an 
impact on 
efficiency. 

Journal of Air 
Transport 
Management 

Greer (2008)  12 US airlines 
2000 to 2004 

Malmquist 
Productivity 
Index (input-
oriented) 

Employees, 
fuel, seat 
capacity 

ASMs  Through 
technological 
improvement, 
inefficient carriers 
are catching up to 
efficient ones. 

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Assaf (2009) 12 US airlines 
2002-2007 

Bayesian 
stochastic 
production 
frontier 

Labour cost, 
Oil and fuel 
cost, total 
expenses 
cost, number 
of aircraft 
and load 
factor 

Total revenue  Using a Bayesian 
stochastic model. 
Inefficiency as a 
result of rising oil 
costs and the 
September 11th 
attacks 

Tourism 
Management 

Barros and 
Peypoch 
(2009) 

12 EU airlines 
2000-2005 

CCR-DEA, 
bootstrap 
truncated 
regression  

Employee, 
total 
expenses, 
aircraft 
number 

RPKs and EBIT Population, low 
cost, alliances 

Application of 
bootstrap improved 
the efficiency 
scores 

International 
Journal of 
Production 
Economics 

Greer (2009) 18 US airline 
1999-2008 

DEA input-
oriented and 
TOBIT 
regression  

Labour, fuel, 
seat capacity 

ASMs Union density, 
average fleet 
age, size, stage 
length 

The driver of airline 
efficiency is 
identified via 
regression analysis. 

Transportation 
Research Part A: 
Policy and Practice 

Chow (2010) Chine’s airlines 
2003-2007 

DEA and 
Malmquist 
output-
oriented  

Employees, 
aircraft, fuel 
and seat 
capacity 

RPKs and RTKs  Measured the 
productivity change 

Journal of Air 
Transport 
Management 

Ouellette et 
al. (2010) 

7 Canadian 
airlines 1960- 
1999 

DEA input-
oriented 
(allocative 
efficiency) 

Capital, 
investment, 
labour, 
energy, 
materials 

Unit tolls 
output to 
passenger 
output, 
charter flights  

 DEA model with 
adjustment costs 
and regulatory 
constraints to avoid 
the biased 
conclusion 

European Journal 
of Operational 
Research 

Merkert and 
Hensher 
(2011) 

58 global 
airlines 2007-
2008 and 2009-
2009 

DEA input-
oriented 
bootstrap 
TOBIT 
regression 

ATKs, 
operating 
expenses, 
labour cost 

RPKs, RTKs Asks, stage 
length, aircraft 
size, fleet age, 
aircraft type 

Both the correct 
bias scores and 
non-biased are as 
informative and 
valuable 

Transportation 
Research Part A: 
Policy and Practice 

Sjoogren and 
Sooderberg 
(2011) 

50 global 
airlnes1990-
2003 

Stochastic 
frontier 

Labour, fuel, 
aircraft 
capacity, 
aircraft 
departures 

ASKs, 
passengers 
carried, fright 
carried 

 Evaluate three 
factors 
simultaneously  

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Barros et al. 
(2013)  

11 US airlines 
1998-2010 

DEA model 
B-Convex 

Total 
expenses, 
employee 
number, 
number of 
gallons used 

Total revenue, 
RPMs, 
passengers 
load factor 

 The mismatch 
between inputs and 
outputs of the 
airline technical 
efficiency 

Transportation 
Research Part A: 
Policy and Practice 
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Barros and 
Couto (2013) 

23 EU airlines 
2000-2011 

Malmquist 
productivity 
index 

Employee, 
total 
expenses, 
ASKs 

RPKs, RTKs  Adopted the 
Luenberger 
productivity index 

Journal of Air 
Transport 
Management 

Wu et al. 
(2013) 

12 global 
airlines  

DEA CCR-
BCC 
bootstrap 
truncated  

Employees, 
total 
expenses 
cost, number 
of aircraft 

RPKs, total 
revenue 

RPKs, cargo, 
salaries, Chinese 
nationality, log 
population, load 
factor, fuel cost  

The link between 
airline efficiency 
and cargo emphasis 
is in the form of a U 
shape. 

Journal of Air 
Transport 
Management 

Lee and 
Worthington 
(2014) 

Airline 2006 SBM-NDEA 
VRS output-
oriented 
with 
bootstrap 
truncated 
regression  

flown 
kilometre, 
number of 
employees, 
total assets 

ATK’s Ownership, LCC, 
departures, load 
factors 

Restructure and 
adjust the size of 
their operations to 
remain competitive. 
Private ownership, 
status as a low-cost 
carrier, and weight 
load contributed to 
organizational 
efficiency. 

Journal of 
immigrant and 
minority health 

Tavassoli et 
al. (2014) 

11 airlines in 
Iran 

SBM-NDEA 
two stages 

Number of 
passengers, 
planes, 
number of 
employees 
and number 
of cargo 
planes 

ASKs, ATKs RPKs, RTKs The proposed 
model estimates 
both technical 
efficiency and 
service 
effectiveness. 

Journal of Air 
Transport 
Management 

Barros and 
Wanke 
(2015)  

29 African 
airline 2010- 
2013 

TOPSIS Number of 
employees, 
number of 
aircraft, 
operating 
expenses 

RPKs, RTKs, Used 15 
variables related 
to the business 
of airline 

The economics of 
scope, network 
size, ownership, 
and fleet mix 
explain the 
efficiency. 

Journal of Air 
Transport 
Management 

Cui and Li 
(2015a) 

11 global 
airlines 2008-
2012 

DEA-VFB 
(virtual 
frontier 
benevolent)  

Employees, 
capital stock, 
ATKs 

RPKs, RTKs, 
TBI, CO2 
emission 
value 

 Undesirable output 
and the new (DEA-
VEB) model 

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Cui and Li 
(2015b) 

10 Chinese 
airlines 2008-
2012 

DEA and 
Malmquist 
productivity 
index 

Labour, 
capital,  

Passenger 
turnover, 
without 
accidents  

Avg. movements 
per hour, R&D 
298contribution, 
college 
graduates, 
service days, 
pilot experience 

This is a first-of-its-
kind effort to 
uncover the 
elements that 
affect flight safety 
using DEA 

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Li et al. 
(2015)  

22 international 
airlines 2008-
2012 

DEA-VDSBM 
three stages 

Employees, 
fuel 

ASKs, ATKs, 
fleet size 

Output 2nd stage, 
Input 3ed stage  
(third stage TBI)  

New three-stage 
DEA analysis  

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Malikarjun 
(2015) 

27 US -EU 
airlines 

DEA three-
stage 
unoriented  

Operating 
expenses  

ASKs, fleet 
size, number 
of 
destinations 

RPMs, (third 
stage output 
(total expenses)  

DEA unoriented  Journal of Air 
Transport 
Management 

Merkert and 
Pearson 
(2015)  

150 global 
airlines 2011-
2012 

DEA with 
regression  

ASKs, 
employees,  

RPKs, ASKs, 
load factor,  

Fleet age, total 
cabin crew, the 
total number of 
staff, LCC, load 
factor 

LCC is more 
profitable than 
network, regional 
and charters 
airlines less 
efficient  

Journal of 
Transport 
Economics and 
Policy 

Wanke et al. 
(2015)  

35 Asian airline 
2006-2012 

TOPSIS  Operational 
cost, 
employees, 
aircraft 

Revenue, RPK, 
EBIT 

 The use of TOPSIS 
and Monte Carlo 
simulation 

International 
Journal of 
Production 
Economics 
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Cui et al. 
(2016)  

21 international 
airlines 2008-
2012 

DEA- VDSBM  Employees, 
fuel, capital 
stock 

RPKs, RTKs, 
TBI 

Total aircraft per 
capita GDP, fleet 
age, number of 
destinations, the 
average distance 
travelled,  

The new model is 
superior to the SBM 
model. 

Transportation 
Research Part D: 
Transport and 
Environment  

Li et al., 
2016 

22 
International 
airlines 2008-
2012 

DEA-SBM  Employees, 
Fuel 

ASKs, ATKs, 
fleet size 

RPKs, RTKs, GHG  
3rd (TBI) emission  

New three-stage Energy 

Omrani and 
Soltanzadeh 
(2016) 

8 Iranian 
airlines 2010-
2012 

DEA- NDEA 
CRS, DDEA, 
DNDEA 

Employees, 
fleet’s seats 

ASKs, 
Schedule 
flights, 2nd 
stage ATKs, 
schedule 
flights  

RPKs, RTKs The internal 
structure of DMU 
helps identify 
inefficient process 

Journal of Air 
Transport 
Management 

Saranga and 
Nagpal 
(2016)  

13 Indian 
airline 2005- 
2012 

DEA-VRS 
TOBIT  

Employees, 
ASKs, 
employee 
cost 

RPKs, total 
revenue, RPKs 

Yield RPK, 
average revenue 
per hour, 
average stage 
length, operating 
expenses 

The link between 
operational 
efficiency and 
market 
performance  

Journal of Air 
Transport 
Management 

Wanke et al. 
(2016) 

19 Latin 
America airlines 
2010-2014 

DEA-VDRAM Employees, 
aircraft 

Number of 
domestic 
flights, 
number of 
lateen and 
Caribbean 
flights, 
number of 
international 
flights 

15 contextual 
variables related 
to business, 
airline age, 
ownership, RPK, 
network size, 
fleet mix 

The use of the 
VDRAM model. The 
impact of fleet mix 
and ownership 
cannot be 
neglected  

Journal of Air 
Transport 
Management 

Yu et al. 
(2016) 

13 LCC airlines 
2010 

DEA-SBM Employees, 
gallons, 
number of 
seats, 
number of 
destinations 

ASKs  Capacity utilization In Airline 
Efficiency. 
Emerald Group 
Publishing Limited 

Min and Joo 
(2016) 

59 
International 
airlines  

DEA-CCR 
output-
oriented and 
VRS  

Operating 
expenses, 
underutilized 
load factor 

Passengers, 
RPKs, 
operating 
revenue, 
service ratings 

Kruskal- Wallis 
rank test 

Strategic alliances 
help achieve 
competitive 
advantages, and 
smaller alliances 
are better than 
large ones 

Journal of Air 
Transport 
Management 

Seufert et al. 
(2017) 

33 international 
airlines 2007-
2013 

Luenberger-
Hicks-
Moorsteen 
TFP index 

Staff, capital 
(total flight 
hours 
divided by 
average daily 
revenue 

ATK, CO2 
emissions 

 Middle East airlines 
perform poorly in 
terms of pollution 
control  

Transportation 
Research Part E: 
Logistics and 
Transportation 
Review 

Yu et al. 
(2017)  

30 international 
airlines 2009-
2012 

DNDEA Labour, fleet 
size, fuel 
cost, 
operating 
expenses,  

ASK, ATK  ASK, ATK- RPK, 
RTK 

Joining airline 
alliances affect 
performance  

Transportation 
Research Part A: 
Policy and Practice 

Kottas and 
Madas 
(2018)  

30 international 
airlines 2012-
2016 

DEA- input-
oriented 
super-
efficiency 
model 

Number of 
employees, 
operating 
expenses, 
aircraft,  

Revenue, 
RPKs, RTKs 

Man- Whitney 
test, Games-
Howell test  

Super efficiency, 
positive link with 
freight revenue, 
positive link with 
airline alliances 

Journal of Air 
Transport 
Management 

O’Neal et al. 
(2020) 

Aircraft 
maintenance in 
41 months 

DEA CCR- 
SBM  
TOBIT 
regression 

Total Canns, 
total 
maintenance
s action, 

Hours flown, 
aircraft 
readiness 

Input and output 
in the DEA model 

Maintenance 
efficiency is 
affected by 

International 
Journal of Quality 
& Reliability 
Management 



300 

 

total man-
hours 

cannibalization and 
mission number. 

Costa et al. 
(2021) 

11 international 
airlines 2013-
2019 

DEA VRS-CRS ASKs, fleet 
size, FTE 

Number of 
flights, 
passengers, 
load factor, 
RPK 

Public service 
obligations  

Revisit PSO 
contracts in order 
to improve their 
efficiency  

Case Studies on 
Transport Policy 

da Silveira 
and de 
Mello, 
(2021) 

3 Brazilian 
airlines 2019-
2020 

MCDEA Number of 
take-offs, 
ATKs, fuel, 

RTK, Cargo 
load 

Covid effect 
TRIMAP software 
to calculate 
results 

MCDEA offer 
improvements, 
better negotiations 
and improved 
politics with the 
authorities during 
uncertain times 

Journal of Air 
Transport 
Management 

Huang et al, 
2021 

9 U.S. airlines’  
2015–2019, 

A two-stage 
Network 
DEA and a 
truncated 
regression 

CASM, 
RASM, 
Load factor 
 

ROI Truncated 
regression 

Avg. Stage Length 
Flown, Total Assets, 
Fleet Size, Full-Time 
Employee 

International 
Journal of Global 
Business and 
Competitiveness 
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Appendix 16 Courses/Workshops/Webinar attended 

 Activity Date Remarks 

 Courses   

1 Data Envelopment Analysis DEA 28-29. 06.2021 Aston University 

2 Stochastic Frontier Analysis SFA 14-16 .07.2022 Aston University 

 Webinars   

3 International Air Travel: Market 
Share and Prospects for the 

remainder of 2022 

13.07.2022 Official Aviation Guid (OAG) 

4 Realizing Potential – Growth 
Beyond Recovery 

15.06.2022 OAG 

5 Connectivity after the pandemic 17.05.2022 OAG 

6 Has Travel Confidence Returned? 27.04.2022 OAG 

7 Zero to Hero: Successful network 
experimentation by Airlines 

through Covid - join the discussion 

08.02.2022 OAG 

8 Publication of Journal Papers 10.01.2022 Research Graduate  

9 Reasons for cautious optimism as 
air travel re-starts (Air Passenger 

Forecast update) 

28.07.2022 Oxford Economics Team 

10 Fireside Chat with Willie Walsh, 
IATA CEO And Director General 

24.05.2021 IATA 

11 Strapped for Cash: How Airlines 
Can Survive Winter 

02.09.2020 OAG 

12 Crisis-focused content to help you 
plan for the recovery 

15.04.2020 Aviation Week Network 

13 COVID-19: One Year Later 05.03.2021 Aviation Week 

14 Understanding and describing data 
distributions 

28.02.2023 Editage  
Dr. Jacob Wickham  

15 Introduction to EndNote 22.03.02023 Editage  
Dr. Jacob Wickham 

 Workshops   

16 Seminar on Agent-based ordinal 
classification for group decision 

making 

10.12.2020 Research Centre on Quantitative 
Methods in Business. Emlyon Business 

School 

17 Crisis-focused content to help you 
plan for the recovery 

15.04.2020 Aviation Week Network 

18 Covid Impact Information Session 24.06.2021 Durham University 

19 Multinational enterprises and 
natural disasters: Challenges and 

opportunities for IB research 

23.05.2022 Durham University 

20 MIB Publishing Workshop 12.07.2022 Durham University  

21 QUANT Seminar  10.11.2022 Emlyon Business School 

 Conferences    

22 First DBA Conference  12-13.05.2023 Durham Business School 
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Appendix 17 Publications and Work in Progress 

S/N Article Tile Target Journal Remarks 

1 A Century of the Global Airline Industry and the 
Emergence of the Gulf’s Super Connectors 

Journal of Air Transport 
Studies 

Accepted for 
publication on 

02.02.2023 

2 The US-Gulf Carriers Subsidization Dispute Revisited: 
Competition, Threat, or Quest for Significance 

Case Studies on 
Transport Policy 

Submitted on 20th of 
March 2023 

3 Aviation and External Shocks: How COVID-19 is 
Revolutionising the Airline Industry 

Journal of Air Transport 
Management 

WIP 

4 Public Perception of Single-Pilot Operations in 
Commercial Air Travel 

WIP WIP 

 


