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This study is the first to use bootstrapped data envelopment analysis (DEA) models 

under variable returns to scale in order to examine both the environmental and technical 

efficiency of airlines. Using the regional classification of the International Air Transport 

Association (IATA), we chose 48 of the world’s major full-service and low-cost carriers 

from six different regions, and then estimated their performance over the period 2007–

2010. Our empirical results show that many of the most technically efficient airlines are 

from China and North Asia, while many of the most environmentally efficient airlines 

are from Europe. We also found that although the number of environmentally oriented 

full-service airlines is increasing, low-cost carriers are still more environmentally 

oriented. Our findings also show that almost all the low-cost carriers are technically 

operating under increasing returns to scale in all the studied years. However, this result 

was quite the opposite of what we found for the largest airlines. 

*corresponding author: E-mail: amira@uow.edu.au 
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1. Introduction 

In the last decade, global public consciousness about the aviation industry’s 

environmental performance has increased. Under the Kyoto Protocol 1997, which came 

into force in February 2005, thirty-seven industrialized countries and the European 

Community (EC) agreed on binding targets to reduce greenhouse gas (GHG) emissions 

on average by five per cent over the period 2008 to 2012 compared to their respective 

emission levels of 1990 (UNFCCC, 2011). According to IPCC
1
 (2007), approximately 

three per cent of the anthropogenic global warming in 2007 was attributable to aviation 

emissions, with a predicted contribution of five per cent until 2050. 

Although researchers have shown an increased interest in financial and service 

performance of the aviation industry in recent years (see, inter alia, Assaf, 2009; Rey et 

al., 2009; Assaf, 2011), far too little attention has been paid to the environmental 

performance of the aviation sector. The present study estimates and compares both 

technical (service) and environmental efficiencies of the world’s major airlines.
2
 

According to Koopmans (1951), a producer is technically efficient if an increase in any 

output requires a reduction in at least one other output or an increase in at least one 

input; and if a reduction in any input requires an increase in at least one other input or a 

                                                           

1
 Intergovernmental Panel on Climate Change. 

 
2
 There has been an increasing amount of literature on the correlation between technical efficiency of the 

airlines and other variables such as union density, age of fleet, size of aircraft, stage length, per cent of 

passengers flying internationally, load factor, and legacy (for example, Coelli et al., 1999; Oum et al., 

2005; Greer, 2009). However this study has a primary focus on the evaluation of the airlines’ 

environmental efficiency. 
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decrease in at least one output. A producer is environmentally efficient (compared to 

other firms) if it is producing the lowest amount of undesirable output per unit of 

desirable output. 

Environmental efficiency analyses of the sector are particularly pertinent and timely 

because first, this helps policy makers to identify leaders and laggers amongst the 

companies and to take measures that address environmentally poor performances (Färe 

et al., 1996; Tyteca, 1996). Second, airlines need to know about their relative 

environmental efficiencies in the market in order to eliminate existing shortcomings and 

show higher performance. The aviation industry has been included in the EU’s emission 

trading scheme (EU-ETS, from January 2012) and the Australian emission trading 

scheme (AUS-ETS, from July 2012). These schemes place even greater pressure on the 

aviation industry and highlight the need for tools to undertake accurate and objective 

measurement of the performance of airlines with respect to the environment. Third, not 

only the airlines but also their shareholders have an interest in airlines’ environmental 

efficiency for their future investment decisions. Recent policy changes, such as the EU-

ETS and AUS-ETS, may cause additional cash outflows and expenses for airlines, 

reducing their annual profits in the near future. Finally, environmentally conscious 

travellers may purchase services from the more environmental friendly airlines in order 

to reduce their carbon footprint. 

This study uses carbon dioxide equivalent (CO2-e) emission as an undesirable output of 

the airlines in the DEA models to analyse the environmental performance of the aviation 

sector. The remainder of this paper is structured as follows: The methodology is 
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presented in Section 2. Section 3 explains the data and Section 4 discusses the results, 

and is followed by some concluding remarks in Section 5. 

 

2. Methodology 

Environmental DEA technology is very popular in the context of environmental 

performance measurement, and has been utilised by many studies, such as Färe et al. 

(1996), Tyteca (1997), Zofio and Prieto (2001), Zaim (2004), and Zhou et al. (2006; 

2007). Most studies follow the original characterization of environmental DEA 

technology by assuming that the production technology exhibits constant returns to scale 

(CRS). However, variance returns to scale (VRS) cases are more likely to be observed in 

actual situations (Tyteca, 1996). A VRS model also has the advantage of ensuring that 

an inefficient airline is only judged against airlines of similar size. This can be achieved 

through a convexity constraint, which is not imposed in the CSR case. Hence, in this 

study, both traditional and environmental DEA technologies are utilised under VRS. 

This technique constructs a non-parametric piece-wise surface or efficient frontier, and 

efficiency measures of decision-making units (DMUs) are then estimated relative to this 

frontier. DMUs that lie on the efficient border are the best practice institutions, and 

retain a value of one, and those DMUs that are enveloped by the efficient frontier and lie 

below this border are relatively inefficient and have values of between 0 and 1. The 

smaller values of efficiency scores reflect the lower relative efficiency of the DMUs. 

Both desirable and undesirable outputs are present and incorporated into the VRS 
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models. For instance, if inefficiency exists in the production process where final airline 

services are produced with an increase of CO2 emissions, the outputs of CO2 emissions 

are undesirable and must be reduced to improve the performance. 

Assume a set of n observations on the DMUs that each observation, , 

uses m inputs 
 

to produce s outputs . Also, 

 and  are possible outputs and inputs 

achievable by the  where  are non-negative scalars, such that 

. Then, according to Zhu (2009), the output-oriented technical efficiency under 

the VRS can be obtained by calculating the following linear problem: 
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where  represents one of the n DMUs under evaluation, and 
 
and  are the i

th
 

input and r
th

 output for , respectively.  is desirable outputs, is undesirable 

outputs, and  represents the output-oriented efficiency score of the  under 

evaluation. Each undesirable output has been multiplied by ˗1, and then a proper value 

of w is calculated to let all negative undesirable outputs be positive. That is, 

, which can be achieved by . The bootstrap simulation 

method suggested by Simar and Wilson (1998; 2000a; 2000b) is then used to obtain 

bias-corrected estimates of efficiency scores for each airline, as well as their 95% 

confidence intervals, which allow us to test for significant differences in efficiency 

between airlines and verify the reliability of estimates. The rationale behind 

bootstrapping is to approximate a true sampling distribution by mimicking the data-

generating process. The procedure is based on constructing a pseudo sample and re-

solving the DEA model for each airline with the new data. Repeating this process many 

times will construct a good approximation of the true distribution. The bootstrap 

algorithm is described in detail in Simar and Wilson (2000b). 

 

3. The Data 

The identification of an appropriate mix of inputs and outputs is a critical step in all 

efficiency analyses. In this study, physical inputs and outputs were chosen to avoid the 

use of monetary measures such as operational costs, fuel cost, and earnings before 
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interest and taxes (EBIT). The reason is mainly because carriers face different prices, 

which would lead to different input units (Greer, 2009). All data were provided by RDC 

Aviation (www.rdcaviation.com) and were compared with the annual and/or 

sustainability reports of each airline so as to ensure their consistency. The data set used 

in this study covers the period 2007–2010 and contains 35 FSCs, with nine from Europe 

and Russia, six from North America, one from Latin America, 12 from China and North 

Asia, three from Asia Pacific and four from Africa and Middle East. The data set also 

contains 13 low-cost airlines from Europe, North America, Asia, and the Asia Pacific 

(see Tables 1–4). 

The variables used in this study are well established in the literature (see, for example, 

Barla and Perelman, 1989; Charnes et al., 1996; Inglada et al., 2006). As inputs, our 

DEA data set includes labour and capital. As previously discussed in Coelli et al. (1999) 

and Greer (2008), labour is measured as number of full-time equivalent employees, and 

comprises two distinct categories employed in the production of air travel. These are: 

pilots, including co-pilots and other cockpit crew on the one hand; and flight attendants 

on the other. In these two categories, the subcontracting of certain operations (for 

example, maintenance, ground operations, and others) was disregarded in order to 

prevent biases such as those related to higher service levels which are more labour 

intensive but are not directly related to the airlines’ core flying activities.
3
 Capital is 

defined following Coelli et al. (1999, p. 262), as the “sum of the maximum take-off 

                                                           

3
 See Coelli et al. (1999) and Greer (2008) for an in-depth explanation of this input. 
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weights of all aircraft multiplied by the number of days the planes have been able to 

operate during a year (defined as the total number of flying hours divided by average 

daily revenue hours)”. This definition of capital avoids performance prediction bias 

caused by maintenance operations, and is in line with Barla and Perelman (1989), Coelli 

(1999), Coelli et al. (2002), and Ray (2008). 

As outputs, we used tonne kilometres available (TKA) and CO2-e emissions. Following 

Barla and Perelman (1989), Coelli et al. (1999), and Inglada et al. (2006), TKA was 

chosen as the main desirable output , rather than RTK/RPK
4
, because this paper 

investigates the technical efficiencies of the airlines’ flying operation and not their 

marketing functions (Greer, 2009). TKA is the number of tonnes available for the 

carriage of revenue load (passengers, freight and mail) on each flight multiplied by the 

flight distance. The CO2-e emission dataset depicts the undesirable output. The data are 

extracted based on a model that calculates the fossil fuel burn on a specific 

airline/aircraft combination according to the sector flown. Schedule information used in 

this calculation was derived from the Schedules Reference Service (SRS) Innovata 

database,
5
 which contains 99% of all the world’s scheduled movements. RDC Aviation 

was, hence, able to provide CO2-e emission data modelled in a consistent manner across 

                                                           

4
 RPK, revenue passenger kilometre, is the total number of paying passengers multiplied by the kilometres 

they have flown, and RTK, revenue tonne kilometre, is the number of tonnes of revenue load carried on 

each flight stage multiplied by the stage distance. Ceha and Ohta (2000), Oum et al. (2005), Barbot et al. 

(2008), Barros and Peypoch (2009), and Assaf and Josiassen (2012) are among the studies that use 

RTK/RPK as an output.  
5
 For more information about the SRS Innovata database see the following websites: 

http://www.iata.org/ps/publications/srs/pages/innovata.aspx 

http://www.innovata-llc.com/data/data.html 
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airlines. Therefore, individual airline’s annual CO2-e emissions would be built based on 

their actual operations (that is, flown air sectors and the aircrafts which flew in those 

sectors). 

The RDC Aviation’s CO2-e emission data are regarded as superior to those found in 

annual or environmental reports of airlines for the following reasons: 1) data are 

provided by one (rather than multiple) sources, which avoids measurement 

inconsistencies; 2) data are standardized according to common weather conditions; for 

instance, with the aim of increasing airlines’ comparability, differing wind conditions 

was excluded because it is an external factor that airlines cannot affect; 3) airport-

specific emission-related impacts on data, as well as emissions from grounding/taxiing 

were also excluded to reduce biases across airlines that depart from or land at small 

airports (for example, Ryanair departs from / lands at regional airports such as Frankfurt 

Hahn, which consists of only one runway); 4) the data exclude CO2-e emissions from 

aircrafts waiting for departure or landing and other operational delays; and 5) data are 

free from variations in pilots’ choice of route or other circumstances that could cause 

route alterations and thus higher or lower fuel consumption or CO2-e emissions. 

Generally, we took RDC’s data as being more reliable for this study because they 

exclude external factors that cannot be influenced by airlines and hence should not be 

part of our comparative technical efficiency analysis. 
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4. Empirical Results 

Tables 1–4 list several measures related to relative technical and environmental 

efficiencies of the individual airlines. They include the original efficiency estimates 

(Orig. Eff.), the bias-corrected estimates (BC Eff.), the bootstrap bias estimates (shown 

by “Bias”; that is, the difference between the original efficiency and bias-corrected 

efficiency), and the efficiency’s lower and upper bounds (for the 95% confidence 

intervals) for 35 FSCs and 13 LCCs for years 2007 to 2010. The airlines are ordered by 

the size of capital. 

As discussed previously, the measured bias-corrected efficiencies are lower than the 

original efficiency scores. The magnitudes of the difference of these measures (the bias) 

and the width of the confidence intervals are quite small in many instances (except for 

the most efficient firms), implying that the results are relatively stable. However, 

because of the overlapping issue, it is difficult to see which airlines are the most or least 

efficient ones in each year. To overcome this issue we have provided additional 

information on these firms, and each firm’s confidence interval is compared with those 

of others. In Tables 1–4, columns represented by #M. Eff. (#L. Eff.) disclose 

information about the number of the airlines in the sample that were found to be 

“significantly” more (less) efficient than each corresponding airline. Airlines can be 

significantly more (less) efficient than the airline in question if their lower (upper) 

bounds are strictly greater (smaller) than the airline’s upper (lower) bound. Hence, when 

the overlapping issue occurs, it is easier to see whether any meaningful differences exist 

between airlines’ efficiency. For instance, in 2007 (Table 1) using the intervals in 
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columns 6 and 7, we notice that KLM Royal Dutch Airlines’ technical efficiency 

overlaps with those of other most efficient airlines such as British Airways, Qantas, 

Emirates or Singapore Airlines despite their differing bias-corrected efficiency 

estimates. However, using columns 8 and 9, we can easily identify KLM Royal Dutch 

Airlines as the most technically efficient airline in 2007 because it is significantly more 

efficient than 33 airlines (#L. Eff. = 33) and no airline stands in a better position
6
. 

Similarly, we may also conclude that easyJet is (relatively) the most technically 

inefficient airline in 2007, because there are 46 airlines more statistically efficient than it 

in this year. It is worth mentioning that Ryanair is also ranked at the same position with 

easyJet (#M. Eff. = 46), but easyJet shows a lower level of technical efficiency and 

hence was chosen as the worst performer in 2007. 

< TABLES 1–4 ABOUT HERE > 

Based on Tables 1–4, Air India and Ryanair were found to be respectively the best and 

the worst technical performers in the years 2008, 2009, and 2010. The following airlines 

were ranked among the top-10 most technically efficient ones in at least three of the 

years: KLM Royal Dutch Airlines and British Airways (from Europe); Air India, China 

Airlines, Cathay Pacific Airways, Malaysia Airlines, Singapore Airlines, Korean Air 

(from China and North Asia); Etihad Airways and Emirates (from the Middle East and 

Africa); Eva Air (from the Asia Pacific). Evidently, Chinese and North Asian airlines 

                                                           

6
 It should also be noted that KLM Royal Dutch Airlines’ lower boundary is higher than those of British 

Airways, Singapore Airlines, Qantas and Emirates. 
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technically performed very well in comparison with others during the period 2007–

2008. Interestingly, none of the airlines from North America and Canada is positioned in 

the group of top-10 technically efficient airlines over the period 2007–2010. 

Concerning environmental efficiency scores (on the right hand side of Tables 1–4), 

KLM Royal Dutch Airlines (in 2007 and 2009) and Korean Air (in 2008 and 2010) are 

ranked as the best environmental performers respectively. The most environmentally 

inefficient airlines were Malaysia Airlines in 2007, Air India in 2008 and TAM Linhas 

Aereas, in both 2009 and 2010. Based on the environmental efficiencies presented in 

Tables 1–4, we may argue that airlines from the European region performed relatively 

better than those in other regions for two reasons. First, at least six out of the top-10 

environmental performers belonged to this region in almost all the years under study. 

For instance, Alitalia, KLM Royal Dutch Airlines, and Turkish Airlines were among 

this group in all years. From other regions, only the following three airlines were graded 

in the top-10 best environmental performers in at least three of the studied years: Korean 

Air (from China and North Asia), Thai Airways International (from the Asia Pacific), 

and Allegiant Air (from the US and Canada). Second, only one or at the most two 

European airlines (Virgin Atlantic Airways and Iberia) were found among the 10 worst 

environmentally performing airlines in all the years under study  

Overall, a comparison of the findings based on the technical and environmental 

efficiencies reveals that: 1) KLM Royal Dutch Airlines and Korean Air were among the 

most efficient, irrespective of which performing aspect is considered; 2) the most 

technically efficient airlines seemed always to be FSCs, and were mostly from China 
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and North Asia; 3) with regard to environmental efficiency, we located airlines from 

both FSC and LCC groups in the top-10 best performers; 4) European airlines, in 

general, were found to be more environmentally efficient than other airlines; 5) North 

American and Canadian airlines were predominantly ranked in the middle one-third of 

all airlines from both technical and environmental perspectives. This last finding 

suggests that although they are not the best performers in the industry, they cannot be 

seen as the worst ones either. 

Another interesting aspect of the results evident from Tables 1–4 is that some of the 

airlines have been doing remarkably well to optimize their technical efficiency, but at 

the same time managing their environmental performance poorly, or vice versa. A good 

example of this is Air India in 2008 (Table 2), which is ranked as the best airline from a 

technical efficiency point of view and the worst from an environmental perspective. In 

order to analyse airlines’ “preferences” between meeting the market demands (the 

technical aspect) and reducing their fuel consumption/CO2 emission (the environmental 

aspect), EO values (indicative of environmental orientation) are used in this study. 

These are the ratios of bias-corrected environmental efficiency and bias-corrected 

technical efficiency, and are shown in the last columns of Tables 1–4. If EO < 1, this 

indicates that the CO2-emission-adjusted efficiency of an airline is lower than its 

technical efficiency, and hence we may argue that the airline could be seen as a 

relatively market-oriented company. If EO > 1, this indicates that the CO2-emission-

adjusted efficiency of an airline is higher than its technical efficiency, and therefore the 

airline could be seen as an environmentally oriented company. If EO = 1, this means 
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that the inclusion of CO2 emission in the model had no effect on the airline’s efficiency. 

The latter condition was not found in any of the years under study. Importantly, the EO 

difference from unity does not necessarily show how good or bad an airline is 

performing. For instance, in 2010 (Table 4) Southwest Airlines shows an EO value of 

1.13, which reveals its better environmental performance; however, simultaneously, 

both its technical and environmental efficiencies were very low in comparison with 

other airlines that had lower EO values. 

A cursory look at Tables 1–4 reveals that most of the LCCs show EOs higher than unity; 

at least 10 LCCs (out of 13) were found to be environmentally oriented (EO > 1) in all 

years studied. One of the LCCs (Ryanair) points to its being the most environmentally 

oriented airline in the industry, because it shows very low levels of technical efficiency 

and high levels of environmental efficiency in all the years studied. Tables 1–4 also 

show a clear trend of an increasing number of environmentally oriented FSCs over the 

period 2007–2010. The number of such airlines increased from nine (out of 35) in 2007 

to 14, 17, and 17 in 2008, 2009 and 2010 respectively; while in 2007 and 2008 none of 

the FSCs was among the top-five most environmentally oriented airlines; however, this 

number increased from zero in 2007 and 2008 to one in 2009, and three in 2010. We 

may therefore assume that FSCs have been focusing more rigorously on the fuel-saving 

programs in their businesses over this period (2007–2010). The EO values presented in 

Tables 1–4 also show that although the airlines from Europe were relatively more 

environmentally oriented in most of the years, there is also an evident trend of an 
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increasing number of environmentally oriented airlines from US and Canada during the 

sample period. 

Finally, the RTS column (representing returns to scale in production) of Tables 1–4 

indicates whether the airline is operating in an area of increasing or decreasing returns to 

scale. The RTS is the traditional measure of economies of scale and is used in many 

studies of efficiency analysis of individual firms (see, inter alia, Mart  n and Rom n, 

2001; Chiou and Chen, 2006; Barros and Peypoch, 2009). Where IRS holds, the airline 

is performing under increasing returns to scale; while if it expands (contract), its input 

levels by a small percentage, its output levels will expand (contract) by a larger 

percentage. Under CRS (that is, constant returns to scale), the expansion (contraction) of 

the airline’s outputs will be by the same percentage as that of its inputs; while under 

DRS (that is, decreasing returns to scale), its output levels will expand (contract) by a 

smaller percentage than its inputs. Hence, where IRS holds, the airline should increase 

its scale size, because its additional input requirements may be more than compensated 

for by a rise in output levels. Similarly, a DMU operating at a point where DRS holds 

should decrease its scale size. The ideal scale size to operate at is where CRS holds. 

However, because this study tends to focus on the environmental performance of the 

airlines rather than their technical performance, a CO2-adjusted measure of returns to 

scale (CARTS) can be far more useful. Very similar interpretations as those for RTS can 

be provided for CARTS values, but with this difference: the corresponding airlines are 

directing their resources toward the reduction of CO2-e emissions. Therefore, where IRS 

holds, the airline should increase its scale size by focusing on the expansion of those 
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inputs whose developments would lead to a lower level of CO2-e emission. A good 

example of this could be the replacement of their older aeroplanes with new, lighter, and 

more fuel-efficient ones. Likewise, where DRS holds, the airline would need to trim 

down its size to enhance its environmental efficiency. Such airlines might consider 

retiring their older aircrafts as a possible solution. 

Based on the RTS values (returns to scale based on the airlines’ technical efficiency) 

reported in Tables 1–4, all the LCCs (except Southwest Airlines) were operating in the 

area of increasing returns to scale in all the years under study (2007–2010). This finding 

implies that room exists for LCCs to increase their size to reap technical efficiency 

gains. This recommendation can also be made for 10 of the FSCs that have been 

performing under IRS continuously in all years studied. However, if we use the CO2-

adjusted measure of returns to scale (CARTS) to investigate economies of scale of the 

airlines, very different results are obtained. For instance, in 2010, many of the airlines 

performed under DRS; in fact, all except three FSCs and five LCCs. This result was 

highly predictable, because when CO2 emission is considered as an undesirable output, 

any improvement in the capital (for example, increase of planes, flights, and so on.) will 

lead to a higher level of CO2 emission and hence lower environmental efficiency levels. 

It would be a long-term process for airlines to change their operations (for example, by 

improving their aircrafts’ fuel efficiency, replacing old planes or switching to green 

fuels) and become more fuel efficient. However, and interestingly, two of the airlines 

were performing under IRS based on both RTS and CARTS in years 2008–2010: Air 

India and Allegiant Air. These airlines have the potential to increase their staff and 
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capital and become even more environmentally efficient. In comparison, nine of the 

FSCs (Delta Air Lines, American Airlines, United Airlines, Emirates, Lufthansa, British 

Airways, Air France, Continental Airlines, and Qantas) and one of the LCCs (Southwest 

Airlines) were found to be performing under DRS under in terms of both RTS and 

CARTS in all the years studied. Almost all these airlines were the largest airlines in their 

own categories (FSCs or LCCs). Although these results may be interpreted in several 

ways (for example, increasing market share and profitability), we may argue that they 

would need to trim down their size to overcome both technical and environmental 

inefficiencies. 

 

5. Conclusion 

This paper uses DEA models to measure and test both technical efficiency and 

environmental efficiency of the world’s major full service and low-cost airlines. The 

bootstrap method is also used to overcome the statistical limitations of the DEA models 

by obtaining the statistical properties of the efficiencies. Data used in the analyses range 

the years from 2007 to 2010 and cover 35 full service and 13 major low-cost airlines. 

The following groups of airlines were taken into account: Europe and Russia (13 

airlines), North America and Canada (11), Latin America (one), China and North Asia 

(13), Asia Pacific (six), Africa and the Middle East (four). The aim was to include each 

region’s major (largest) airlines as well as a representative sample of major LCCs. 
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Based on our DEA analysis results, airlines from the regions “China and North Asia” 

and “Europe and Russia” are the most technically and environmentally efficient airlines 

in the industry, respectively. One of the most obvious findings to emerge from this study 

is that LCCs are, in general, more environmentally oriented than FSCs. However, we 

also found that the number of environmentally oriented FSCs increased over the period. 

We may thus argue that FSCs are focusing more rigorously on the reduction of their fuel 

consumption in their businesses, and this is particularly the case for the airlines from the 

region “US and Canada”. These findings, while preliminary, suggest that businesses are 

increasingly aware of the importance of fuel/CO2-e reduction, and this might have 

triggered investments into more fuel-efficient aircrafts and efforts to control fuel use. 

Our returns-to-scale analysis shows that almost all the LCCs were technically operating 

under increasing returns to scale in all the years under study (2007–2010). We may thus 

suggest that room exists for them to increase their capital and staff in order to improve 

their technical efficiency. We also found that the largest airlines are performing under 

decreasing returns to scale based on both RTS and CARTS. Hence, we may hypothesise 

that these airlines would need to downsize their inputs to overcome their both technical 

and environmental inefficiencies. 

Our findings are in line with the existing regulatory frameworks of ETSs. That is, 

Chinese Airlines have not yet faced the threat of being included in an emissions trading 

scheme (ETS); American airlines have no legal commitment to engage in the voluntary 

ETS, and airlines from the Middle East face a similar situation; while airlines from those 

countries are less likely to make additional capital expenses in order to achieve higher 
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environmental efficiency. This is also underpinned by the reluctance of the ICAO 

(1997) to arrive at a binding consensus to establish a global ETS. Additionally, both the 

US and China have measures in place that mean that their airlines do not pay for the 

required carbon allowances under the EU-ETS. On the other hand, European airlines 

were under pressure to act due to ICAO’s suggestion to include airlines at a 

national/regional level at a time (2004) when preparations about the EU-ETS were 

ongoing. The latest EU Parliament’s discussion took place in 2007 regarding the 

inclusion of the aviation industry in the EU-ETS from 2011 onwards. During this, 

inclusion into the EU-ETS materialised and if European airlines were to minimise 

expected burdens from the EU-ETS they had to improve their environmental efficiency. 

In Australia, airlines are able to forward partially their additional expenses in the form 

of a surcharge on fuel on international flights or construct international collaborations; 

for example, Qantas and Emirates might ally to avoid additional capital expenses into 

newer airplanes. Also, CO2-e emissions from domestic flights are exempt from a price 

on carbon, which lowers the opportunity costs of keeping older aircrafts.  

Our results somewhat reflect the importance of existing regulatory regimes on airlines’ 

environmental efficiency. If we are to reduce emissions caused by the airline industry, 

then the results of this study could be used to determine which airlines are the most 

efficient in the global aviation sector and this could lead to other airlines adopting 

similar practices. 
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Table 1: Bootstrap of technical and environmental efficiency scores, 2007 

 

Airline Region Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. RTS Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. CARTS EO

Full-Service Airlines

Delta Air Lines US and Canada 88.92 86.08 2.84 80.65 88.80 14 13 DRS 100 93.46 6.54 82.65 99.89 0 17 DRS 1.086

American Airlines US and Canada 90.84 88.24 2.60 82.54 90.69 11 15 DRS 100 92.66 7.35 83.92 99.66 0 18 DRS 1.050

United Airlines US and Canada 100 94.01 5.99 82.92 99.71 0 15 DRS 100 90.84 9.16 77.27 99.70 0 11 DRS 0.966

Emirates Middle East and Africa 99.40 96.85 2.55 93.34 99.16 0 29 DRS 75.01 69.42 5.59 61.88 74.75 28 1 DRS 0.717

Lufthansa Europe and Russia 94.27 92.81 1.46 90.66 94.12 1 27 DRS 93.06 89.44 3.62 81.92 92.92 2 17 DRS 0.964

British Airways Europe and Russia 100 97.08 2.92 93.09 99.82 0 28 DRS 100 89.17 10.83 70.52 99.89 0 5 CRS 0.919

Cathay Pacific Airways China and North Asia 96.73 95.58 1.15 94.00 96.58 0 29 DRS 81.73 79.90 1.83 77.41 81.48 23 11 IRS 0.836

Air France Europe and Russia 94.47 92.85 1.62 90.66 94.29 1 27 DRS 91.04 88.38 2.66 82.40 90.91 2 17 DRS 0.952

Continental Airlines US and Canada 87.53 85.86 1.67 83.79 87.37 18 16 DRS 96.19 91.86 4.33 84.17 96.02 0 18 DRS 1.070

Singapore Airlines China and North Asia 100 96.80 3.20 93.39 99.68 0 29 DRS 100 91.58 8.42 70.37 99.76 0 5 DRS 0.946

Korean Air China and North Asia 94.27 93.19 1.08 91.36 94.14 1 28 DRS 91.77 89.30 2.47 84.41 91.69 2 18 IRS 0.958

KLM Royal Dutch Airlines Europe and Russia 97.42 96.46 0.96 94.92 97.32 0 33 DRS 100 98.39 1.61 95.65 99.78 0 31 IRS 1.020

Air Canada US and Canada 87.74 86.93 0.81 85.58 87.65 18 18 DRS 86.08 84.32 1.77 81.54 85.90 10 17 DRS 0.970

Air China China and North Asia 87.31 86.02 1.29 84.07 87.19 18 16 DRS 79.15 76.26 2.88 71.92 78.92 23 8 IRS 0.887

Qantas Asia Pacific 99.55 96.85 2.69 93.33 99.23 0 29 DRS 71.03 66.22 4.81 57.12 70.78 32 1 DRS 0.684

US Airways US and Canada 77.85 76.31 1.54 74.61 77.72 36 3 DRS 92.79 90.04 2.74 85.08 92.58 2 18 DRS 1.180

Thai Airways International Asia Pacific 95.09 92.37 2.71 88.51 94.83 1 21 DRS 91.13 85.83 5.29 73.50 90.88 2 8 DRS 0.929

China Southern Airlines China and North Asia 78.08 77.51 0.57 76.36 78.01 36 5 DRS 78.21 76.98 1.23 74.79 78.07 24 10 DRS 0.993

China Airlines China and North Asia 95.87 94.71 1.15 92.89 95.78 0 28 IRS 62.18 59.93 2.26 57.60 61.97 43 1 IRS 0.633

China Eastern Airlines China and North Asia 79.25 78.65 0.61 77.62 79.17 34 6 DRS 70.39 69.16 1.23 67.28 70.26 36 2 DRS 0.879

Japan Airlines International China and North Asia 85.54 84.76 0.78 83.46 85.47 22 15 DRS 69.95 68.66 1.29 66.42 69.85 37 2 DRS 0.810

Iberia Europe and Russia 90.53 89.37 1.16 87.71 90.38 14 21 DRS 75.33 72.24 3.10 67.53 75.13 27 2 IRS 0.808

Turkish Airlines (THY) Europe and Russia 83.61 83.15 0.46 82.36 83.57 24 15 IRS 95.81 92.17 3.64 87.05 95.50 1 20 DRS 1.108

Eva Air Asia Pacific 97.94 96.21 1.73 93.21 97.81 0 29 IRS 71.39 68.73 2.66 64.75 71.08 32 2 IRS 0.714

Virgin Atlantic Airways Europe and Russia 100 95.17 4.83 86.58 99.78 0 18 CRS 100 91.77 8.23 70.28 99.75 0 5 CRS 0.964

Asiana Airlines China and North Asia 89.19 88.74 0.45 87.88 89.16 14 21 IRS 98.19 94.73 3.46 90.13 97.92 0 21 DRS 1.068

Etihad Airways Middle East and Africa 95.36 94.82 0.54 93.93 95.32 0 29 IRS 78.75 76.62 2.13 73.42 78.61 23 8 IRS 0.808

All Nippon Airways China and North Asia 76.73 76.11 0.62 75.13 76.63 38 3 DRS 93.23 91.53 1.70 89.01 93.08 2 21 DRS 1.203

Malaysia Airlines China and North Asia 95.46 94.26 1.20 92.32 95.28 0 28 DRS 50.17 48.14 2.03 45.79 49.89 47 0 IRS 0.511

TAM Linhas Aereas Latin America 80.39 79.67 0.72 78.72 80.30 34 8 IRS 68.10 65.95 2.15 63.44 67.93 37 2 DRS 0.828

Air India China and North Asia 100 95.26 4.74 86.39 99.74 0 18 CRS 100 94.09 5.91 87.53 99.82 0 20 CRS 0.988

Saudi Arabian Airlines Middle East and Africa 88.60 87.92 0.68 86.97 88.54 14 18 IRS 74.43 72.37 2.06 69.91 74.24 28 4 DRS 0.823

Qatar Airways Middle East and Africa 93.21 92.25 0.96 90.64 93.13 7 27 IRS 83.09 80.74 2.35 77.90 82.89 17 11 IRS 0.875

Aeroflot-Russian Airlines Europe and Russia 89.67 89.08 0.59 88.19 89.60 14 21 IRS 88.82 85.47 3.35 81.77 88.57 4 17 DRS 0.959

Alitalia Europe and Russia 84.62 84.10 0.52 83.20 84.56 22 15 IRS 100 99.22 0.78 95.41 99.86 0 30 DRS 1.180

Low-Cost Airlines

Southwest Airlines US and Canada 90.08 87.13 2.95 82.10 89.91 14 15 DRS 80.75 75.61 5.15 61.17 80.58 23 1 DRS 0.868

Ryanair Europe and Russia 71.61 71.20 0.41 70.53 71.58 46 0 IRS 100 93.40 6.60 86.12 99.81 0 19 CRS 1.312

jetBlue Airways US and Canada 82.08 81.58 0.50 80.78 82.02 31 14 IRS 87.09 82.92 4.17 78.21 86.77 9 12 DRS 1.016

easyJet Europe and Russia 71.53 71.15 0.38 70.46 71.49 46 0 IRS 93.07 88.92 4.15 87.71 92.84 2 20 DRS 1.250

Air Berlin Europe and Russia 76.01 75.58 0.42 74.83 75.96 39 3 IRS 98.08 94.29 3.78 88.27 97.74 0 20 DRS 1.248

airTran Airways US and Canada 73.68 73.28 0.39 72.57 73.65 44 2 IRS 93.46 89.06 4.39 82.41 93.13 2 17 DRS 1.215

WestJet US and Canada 80.40 79.89 0.50 79.11 80.35 34 8 IRS 71.01 67.80 3.21 63.85 70.77 32 2 DRS 0.849

Shenzhen Airlines China and North Asia 79.25 78.25 1.00 76.65 79.13 34 6 IRS 81.37 77.93 3.44 73.02 81.15 23 8 IRS 0.996

Jetstar Airways Asia Pacific 100 93.66 6.34 82.11 99.80 0 15 IRS 100 94.09 5.91 85.06 99.82 0 18 CRS 1.005

Virgin Australia Asia Pacific 76.41 75.75 0.65 74.74 76.33 39 3 IRS 91.85 87.94 3.91 82.92 91.55 2 18 IRS 1.161

AirAsia Asia Pacific 79.30 77.86 1.44 75.53 79.14 34 3 IRS 100 93.84 6.16 84.27 99.74 0 18 IRS 1.205

Allegiant Air US and Canada 100 93.60 6.40 81.62 99.71 0 14 IRS 100 95.07 4.93 87.54 99.74 0 20 IRS 1.016

Norwegian Air Shuttle Europe and Russia 80.77 78.40 2.37 73.34 80.69 33 2 IRS 100 90.22 9.78 70.26 99.73 0 5 CRS 1.151

Environmenal EfficiencyTechnical Efficiency
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Table 2: Bootstrap of technical and environmental efficiency scores, 2008 

  

Airline Region Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. RTS Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. CARTS EO

Full-Service Airlines

Delta Air Lines US and Canada 90.82 87.52 3.29 80.26 90.59 11 12 DRS 100.00 92.48 7.52 79.52 99.68 0 12 DRS 1.057

American Airlines US and Canada 90.26 87.76 2.50 81.07 90.11 12 13 DRS 100.00 92.80 7.20 79.90 99.74 0 12 DRS 1.057

United Airlines US and Canada 100.00 92.29 7.71 78.49 99.71 0 10 DRS 100.00 91.34 8.66 77.84 99.77 0 11 DRS 0.990

Emirates Middle East and Africa 98.53 95.32 3.22 90.66 98.33 0 26 DRS 91.32 86.44 4.88 76.58 91.00 1 10 DRS 0.907

Lufthansa Europe and Russia 93.83 92.26 1.57 89.68 93.69 4 24 DRS 100.00 94.83 5.17 82.91 99.87 0 13 DRS 1.028

British Airways Europe and Russia 98.67 96.28 2.40 92.36 98.47 0 27 DRS 100.00 92.91 7.09 76.45 99.75 0 9 CRS 0.965

Cathay Pacific Airways China and North Asia 97.13 95.99 1.15 94.05 97.02 1 31 DRS 85.81 83.55 2.27 80.03 85.55 14 12 IRS 0.870

Air France Europe and Russia 93.86 92.25 1.61 89.58 93.73 4 24 DRS 99.13 94.41 4.72 87.76 98.81 0 17 DRS 1.023

Continental Airlines US and Canada 86.74 85.06 1.68 82.59 86.55 21 15 DRS 100.00 95.69 4.31 89.22 99.72 0 19 DRS 1.125

Singapore Airlines China and North Asia 100.00 96.07 3.93 90.97 99.66 0 26 DRS 100.00 91.59 8.41 71.50 99.66 0 5 DRS 0.953

Korean Air China and North Asia 94.42 93.21 1.21 90.97 94.32 2 26 DRS 99.77 97.83 1.94 94.00 99.54 0 27 DRS 1.050

KLM Royal Dutch Airlines Europe and Russia 97.28 96.38 0.90 94.80 97.17 0 34 DRS 92.86 91.91 0.95 87.58 92.56 1 16 IRS 0.954

Air Canada US and Canada 88.74 87.95 0.79 86.63 88.65 16 19 DRS 88.71 86.37 2.34 82.82 88.48 7 13 DRS 0.982

Air China China and North Asia 87.21 85.60 1.61 82.78 87.07 20 15 DRS 88.98 86.81 2.16 82.82 88.80 7 13 DRS 1.014

Qantas Asia Pacific 96.33 93.92 2.41 89.86 96.15 1 24 DRS 76.43 72.64 3.79 65.84 76.28 33 2 DRS 0.773

US Airways US and Canada 78.49 77.09 1.40 74.95 78.36 34 3 DRS 90.60 87.54 3.06 82.37 90.31 2 13 DRS 1.136

Thai Airways International Asia Pacific 94.70 92.61 2.09 88.88 94.51 2 21 DRS 97.39 94.61 2.78 89.28 97.16 0 19 DRS 1.022

China Southern Airlines China and North Asia 77.94 77.38 0.56 76.37 77.88 35 5 DRS 76.40 74.29 2.11 71.42 76.23 33 5 DRS 0.960

China Airlines China and North Asia 95.70 94.76 0.94 93.33 95.61 1 27 IRS 69.43 68.20 1.23 66.63 69.14 41 2 IRS 0.720

China Eastern Airlines China and North Asia 78.79 78.19 0.60 77.29 78.71 33 7 DRS 69.77 67.81 1.95 64.92 69.54 41 1 DRS 0.867

Japan Airlines International China and North Asia 84.75 84.08 0.67 82.92 84.66 22 15 DRS 74.73 72.62 2.10 70.02 74.42 33 5 DRS 0.864

Iberia Europe and Russia 91.76 90.43 1.33 88.15 91.57 7 20 DRS 76.66 74.92 1.74 71.65 76.51 32 5 DRS 0.829

Turkish Airlines (THY) Europe and Russia 83.59 83.11 0.48 82.32 83.55 22 15 IRS 96.64 95.87 0.77 90.35 96.36 0 21 DRS 1.153

Eva Air Asia Pacific 97.69 95.06 2.62 90.66 97.55 0 26 IRS 77.28 74.47 2.81 70.66 76.93 31 5 IRS 0.783

Virgin Atlantic Airways Europe and Russia 100.00 92.10 7.90 78.10 99.81 0 9 CRS 100.00 90.85 9.15 71.59 99.65 0 5 CRS 0.986

Asiana Airlines China and North Asia 89.44 88.94 0.50 88.08 89.40 15 20 IRS 100.00 92.58 7.42 83.98 99.68 0 13 CRS 1.041

Etihad Airways Middle East and Africa 95.49 94.80 0.69 93.79 95.42 1 30 IRS 90.49 88.71 1.79 86.19 90.22 2 14 IRS 0.936

All Nippon Airways China and North Asia 76.56 75.95 0.61 75.10 76.48 37 3 DRS 90.62 88.06 2.56 84.15 90.41 1 13 DRS 1.159

Malaysia Airlines China and North Asia 94.76 93.63 1.13 92.06 94.65 2 27 DRS 66.81 65.70 1.12 63.88 66.63 42 0 IRS 0.702

TAM Linhas Aereas Latin America 82.00 81.27 0.73 80.40 81.91 28 12 DRS 65.44 63.48 1.96 60.54 65.40 44 0 DRS 0.781

Air India China and North Asia 99.66 98.60 1.06 97.11 99.57 0 38 IRS 65.25 64.26 0.99 63.12 64.92 45 0 IRS 0.652

Saudi Arabian Airlines Middle East and Africa 89.36 88.72 0.64 87.86 89.30 15 20 IRS 79.12 76.46 2.65 73.05 78.86 29 6 DRS 0.862

Qatar Airways Middle East and Africa 93.54 92.34 1.20 90.50 93.39 4 25 IRS 86.48 85.02 1.46 82.67 86.36 11 13 IRS 0.921

Aeroflot-Russian Airlines Europe and Russia 89.54 89.04 0.50 88.18 89.50 15 20 IRS 91.85 90.59 1.25 87.10 91.50 1 16 IRS 1.017

Alitalia Europe and Russia 86.05 85.58 0.47 84.76 86.00 21 17 IRS 95.60 93.03 2.57 89.36 95.27 0 19 DRS 1.087

Low-Cost Airlines

Southwest Airlines US and Canada 94.13 90.10 4.02 82.02 93.94 3 15 DRS 100.00 93.35 6.65 85.72 99.66 0 14 DRS 1.036

Ryanair Europe and Russia 71.36 70.95 0.40 70.28 71.32 47 0 IRS 100.00 93.42 6.58 85.38 99.66 0 13 CRS 1.317

jetBlue Airways US and Canada 81.87 81.31 0.56 80.50 81.81 28 12 IRS 87.19 85.13 2.06 81.64 87.01 10 12 DRS 1.047

easyJet Europe and Russia 72.79 72.37 0.41 71.68 72.75 45 1 IRS 87.83 84.23 3.60 77.54 87.75 8 11 IRS 1.164

Air Berlin Europe and Russia 75.39 74.92 0.48 74.13 75.33 39 2 IRS 97.37 95.13 2.24 89.30 97.34 0 19 IRS 1.270

airTran Airways US and Canada 74.87 74.41 0.46 73.68 74.83 41 2 IRS 92.83 89.69 3.14 83.97 92.54 1 13 DRS 1.205

WestJet US and Canada 80.88 80.33 0.55 79.51 80.81 29 12 IRS 72.24 70.34 1.90 67.07 71.92 35 3 IRS 0.876

Shenzhen Airlines China and North Asia 76.94 75.98 0.96 74.51 76.83 37 2 IRS 81.88 78.53 3.35 74.03 81.67 24 6 IRS 1.034

Jetstar Airways Asia Pacific 100.00 93.49 6.51 82.69 99.71 0 15 IRS 100.00 94.28 5.72 86.92 99.75 0 15 IRS 1.009

Virgin Australia Asia Pacific 75.43 74.66 0.77 73.41 75.36 39 2 IRS 100.00 94.48 5.52 88.87 99.69 0 19 CRS 1.265

AirAsia Asia Pacific 79.50 78.20 1.30 75.90 79.35 33 5 IRS 92.06 88.28 3.78 82.14 91.79 1 13 IRS 1.129

Allegiant Air US and Canada 100.00 91.67 8.33 77.62 99.67 0 7 IRS 100.00 93.35 6.65 85.72 99.66 0 14 IRS 1.018

Norwegian Air Shuttle Europe and Russia 77.88 75.86 2.02 71.94 77.73 35 1 IRS 100.00 91.34 8.66 79.45 99.66 0 12 IRS 1.204

Environmenal EfficiencyTechnical Efficiency
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Table 3: Bootstrap of technical and environmental efficiency scores, 2009 

  

Airline Region Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. RTS Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. CARTS EO

Full-Service Airlines

Delta Air Lines US and Canada 89.91 87.71 2.20 83.33 89.78 15 16 DRS 95.70 93.55 2.15 79.95 95.55 1 5 DRS 1.067

American Airlines US and Canada 89.83 88.00 1.83 83.62 89.72 15 16 DRS 100.00 93.34 6.66 81.96 99.66 0 5 DRS 1.061

United Airlines US and Canada 100.00 92.97 7.03 79.31 99.69 0 12 DRS 100.00 91.61 8.39 78.33 99.78 0 5 DRS 0.985

Emirates Middle East and Africa 100.00 97.43 2.57 93.98 99.76 0 31 DRS 87.39 85.31 2.07 82.94 87.08 19 5 DRS 0.876

Lufthansa Europe and Russia 94.34 92.79 1.55 90.34 94.21 2 28 DRS 95.22 94.85 0.37 93.81 95.06 1 23 DRS 1.022

British Airways Europe and Russia 100.00 96.89 3.11 92.24 99.75 0 29 DRS 100.00 91.83 8.17 80.25 99.66 0 5 CRS 0.948

Cathay Pacific Airways China and North Asia 96.53 95.23 1.30 93.39 96.40 1 29 DRS 92.24 90.42 1.82 88.15 91.89 9 13 IRS 0.950

Air France Europe and Russia 94.14 92.57 1.58 90.15 94.02 4 27 DRS 95.80 95.63 0.17 91.04 95.66 1 20 DRS 1.033

Continental Airlines US and Canada 87.39 85.59 1.80 83.39 87.19 21 16 DRS 95.12 92.88 2.24 88.74 94.94 1 14 DRS 1.085

Singapore Airlines China and North Asia 100.00 96.88 3.12 94.02 99.74 0 33 DRS 100.00 92.15 7.85 70.88 99.72 0 2 DRS 0.951

Korean Air China and North Asia 94.91 93.53 1.38 91.16 94.79 1 28 DRS 98.01 97.25 0.76 94.72 97.78 0 25 DRS 1.040

KLM Royal Dutch Airlines Europe and Russia 96.98 96.02 0.96 94.56 96.90 1 34 DRS 98.09 97.61 0.48 96.31 97.87 0 31 IRS 1.017

Air Canada US and Canada 89.10 88.14 0.97 86.72 88.99 16 19 DRS 88.72 87.99 0.74 85.84 88.39 16 10 DRS 0.998

Air China China and North Asia 85.45 83.43 2.03 80.68 85.29 22 13 DRS 99.37 97.38 1.99 93.78 99.11 0 23 DRS 1.167

Qantas Asia Pacific 97.91 95.25 2.66 91.51 97.72 1 28 DRS 84.21 82.00 2.21 74.93 84.11 24 5 DRS 0.861

US Airways US and Canada 78.55 76.85 1.69 74.94 78.46 34 2 DRS 87.43 85.39 2.04 81.20 87.26 18 5 DRS 1.111

Thai Airways International Asia Pacific 94.14 92.40 1.74 89.29 94.00 4 22 DRS 100.00 97.85 2.15 94.40 99.80 0 25 DRS 1.059

China Southern Airlines China and North Asia 77.18 76.50 0.68 75.40 77.14 36 3 DRS 73.28 71.57 1.71 68.46 73.21 41 1 DRS 0.936

China Airlines China and North Asia 95.06 93.91 1.14 91.95 94.96 1 29 IRS 85.29 83.53 1.76 81.64 84.96 23 5 IRS 0.889

China Eastern Airlines China and North Asia 77.47 76.90 0.57 76.03 77.41 36 4 DRS 72.22 70.54 1.68 67.91 72.09 41 0 DRS 0.917

Japan Airlines International China and North Asia 83.86 83.21 0.65 82.21 83.80 22 15 DRS 89.29 86.62 2.68 83.80 88.95 14 6 DRS 1.041

Iberia Europe and Russia 92.10 90.48 1.63 88.01 91.92 8 20 DRS 70.96 69.80 1.16 67.71 70.83 42 0 DRS 0.772

Turkish Airlines (THY) Europe and Russia 84.08 83.58 0.49 82.72 84.03 22 15 IRS 93.10 92.05 1.06 91.04 92.82 8 20 DRS 1.101

Eva Air Asia Pacific 97.58 95.18 2.40 90.82 97.47 1 28 IRS 85.82 83.13 2.68 78.94 85.47 23 5 IRS 0.873

Virgin Atlantic Airways Europe and Russia 100.00 93.26 6.74 80.26 99.81 0 13 CRS 100.00 91.09 8.91 70.60 99.92 0 1 CRS 0.977

Asiana Airlines China and North Asia 90.15 89.63 0.52 88.75 90.09 14 21 IRS 95.41 92.93 2.49 89.32 95.09 1 18 DRS 1.037

Etihad Airways Middle East and Africa 96.03 95.24 0.79 94.03 95.95 1 33 IRS 89.15 88.98 0.17 88.08 89.06 14 13 IRS 0.934

All Nippon Airways China and North Asia 76.23 75.63 0.60 74.79 76.14 37 2 CRS 93.09 90.89 2.20 87.05 92.99 8 10 DRS 1.202

Malaysia Airlines China and North Asia 94.09 92.98 1.12 91.24 93.98 5 28 IRS 87.30 85.83 1.47 84.15 87.07 19 7 DRS 0.923

TAM Linhas Aereas Latin America 82.97 82.27 0.70 81.26 82.87 25 14 DRS 68.53 67.21 1.32 65.46 68.41 45 0 DRS 0.817

Air India China and North Asia 99.89 99.21 0.68 98.23 99.81 0 41 IRS 84.74 82.82 1.92 80.60 84.44 23 5 IRS 0.835

Saudi Arabian Airlines Middle East and Africa 89.96 89.36 0.60 88.49 89.90 14 20 IRS 98.80 96.62 2.19 93.75 98.53 0 23 DRS 1.081

Qatar Airways Middle East and Africa 93.77 92.36 1.42 89.83 93.64 5 25 IRS 89.57 88.71 0.86 86.32 89.54 13 10 DRS 0.960

Aeroflot-Russian Airlines Europe and Russia 90.22 89.73 0.50 88.80 90.17 13 21 IRS 99.79 97.00 2.80 94.27 99.55 0 25 DRS 1.081

Alitalia Europe and Russia 89.72 89.24 0.48 88.38 89.68 15 20 IRS 100.00 96.77 3.23 91.50 99.75 0 20 CRS 1.084

Low-Cost Airlines

Southwest Airlines US and Canada 80.02 77.28 2.74 72.22 79.80 32 1 DRS 90.67 88.00 2.67 83.33 90.56 12 5 DRS 1.139

Ryanair Europe and Russia 70.87 70.46 0.41 69.76 70.84 47 0 IRS 100.00 94.81 5.19 86.89 99.85 0 10 DRS 1.346

jetBlue Airways US and Canada 81.37 80.82 0.55 80.00 81.32 27 13 IRS 94.14 92.79 1.35 90.40 94.14 4 19 DRS 1.148

easyJet Europe and Russia 73.14 72.73 0.41 72.02 73.09 44 1 IRS 89.57 87.39 2.17 81.23 89.22 14 5 DRS 1.202

Air Berlin Europe and Russia 78.80 78.36 0.44 77.52 78.75 34 7 IRS 94.13 91.65 2.48 87.23 94.08 5 12 DRS 1.170

airTran Airways US and Canada 75.26 74.80 0.46 74.04 75.21 40 2 IRS 95.06 92.92 2.14 88.56 94.91 1 14 DRS 1.242

WestJet US and Canada 81.13 80.56 0.58 79.71 81.07 28 12 IRS 73.53 72.33 1.20 70.47 73.43 41 1 DRS 0.898

Shenzhen Airlines China and North Asia 76.08 75.28 0.81 73.93 76.00 38 2 IRS 83.93 82.43 1.50 80.05 83.79 25 5 DRS 1.095

Jetstar Airways Asia Pacific 88.81 85.39 3.41 78.29 88.62 18 9 IRS 100.00 94.42 5.58 82.95 99.72 0 5 CRS 1.106

Virgin Australia Asia Pacific 77.69 76.94 0.75 75.66 77.61 35 3 IRS 98.78 96.58 2.20 92.70 98.58 0 21 DRS 1.255

AirAsia Asia Pacific 79.06 78.06 1.00 76.21 78.95 34 5 IRS 89.35 88.69 0.66 83.40 89.18 14 5 DRS 1.136

Allegiant Air US and Canada 100.00 93.06 6.94 80.92 99.77 0 13 IRS 100.00 97.41 2.59 94.10 99.70 0 24 IRS 1.047

Norwegian Air Shuttle Europe and Russia 78.27 76.38 1.89 72.67 78.13 35 1 IRS 100.00 92.50 7.50 79.63 99.66 0 5 CRS 1.211

Environmenal EfficiencyTechnical Efficiency



27 

 

Table 4: Bootstrap of technical and environmental efficiency scores, 2010 

 

Airline Region Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. RTS Orig. Eff. BC Eff. Bias Lower Upper #M. Eff. #L. Eff. CARTS EO

Full-Service Airlines

Delta Air Lines US and Canada 85.11 82.26 2.85 77.76 84.91 22 8 DRS 100.00 91.55 8.45 71.95 99.94 0 4 DRS 1.113

American Airlines US and Canada 89.47 86.67 2.80 82.47 89.30 15 15 DRS 100.00 90.13 9.87 72.56 99.69 0 4 DRS 1.040

United Airlines US and Canada 100.00 93.47 6.53 82.55 99.81 0 15 DRS 100.00 93.76 6.24 77.15 99.72 0 8 DRS 1.003

Emirates Middle East and Africa 100.00 94.71 5.29 87.83 99.82 0 20 DRS 100.00 91.58 8.42 70.90 99.77 0 2 DRS 0.967

Lufthansa Europe and Russia 93.79 92.08 1.70 89.51 93.64 2 25 DRS 96.46 95.88 0.57 94.41 96.18 0 27 DRS 1.041

British Airways Europe and Russia 98.42 95.59 2.83 91.14 98.15 0 28 DRS 100.00 95.16 4.84 90.31 99.67 0 20 DRS 0.996

Cathay Pacific Airways China and North Asia 96.35 95.18 1.17 93.40 96.25 1 29 IRS 91.38 90.41 0.98 88.25 91.07 6 16 DRS 0.950

Air France Europe and Russia 93.73 92.23 1.50 90.02 93.56 2 25 DRS 97.73 96.46 1.27 92.61 97.38 0 24 DRS 1.046

Continental Airlines US and Canada 88.38 86.81 1.56 84.50 88.25 18 16 DRS 88.24 85.23 3.01 78.13 88.18 14 8 DRS 0.982

Singapore Airlines China and North Asia 100.00 96.98 3.02 93.20 99.81 0 29 CRS 100.00 93.66 6.34 72.83 99.73 0 5 CRS 0.966

Korean Air China and North Asia 94.77 93.71 1.06 92.03 94.63 1 28 IRS 99.00 98.17 0.83 96.18 98.69 0 29 DRS 1.048

KLM Royal Dutch Airlines Europe and Russia 96.92 95.99 0.94 94.50 96.86 1 34 IRS 95.20 93.14 2.06 89.21 94.89 2 18 DRS 0.970

Air Canada US and Canada 89.41 88.36 1.05 86.69 89.30 15 20 IRS 88.66 88.39 0.27 84.80 88.40 13 13 DRS 1.000

Air China China and North Asia 86.70 83.68 3.02 79.24 86.48 22 9 DRS 100.00 92.79 7.21 84.61 99.70 0 13 DRS 1.109

Qantas Asia Pacific 96.03 93.48 2.55 89.90 95.88 1 25 DRS 83.58 81.54 2.04 75.96 83.25 21 8 DRS 0.872

US Airways US and Canada 77.70 76.15 1.55 74.14 77.63 37 2 CRS 92.91 90.00 2.91 85.54 92.67 3 13 DRS 1.182

Thai Airways International Asia Pacific 94.56 92.52 2.04 89.35 94.35 2 25 IRS 100.00 96.70 3.30 91.88 99.90 0 23 DRS 1.045

China Southern Airlines China and North Asia 77.71 76.94 0.76 75.71 77.64 37 3 IRS 73.82 71.61 2.21 67.71 73.69 35 2 DRS 0.931

China Airlines China and North Asia 94.71 93.61 1.10 91.85 94.60 1 28 IRS 72.71 71.70 1.00 70.75 72.60 36 2 DRS 0.766

China Eastern Airlines China and North Asia 77.19 76.64 0.56 75.66 77.13 38 3 IRS 75.14 73.17 1.97 69.93 74.98 33 2 DRS 0.955

Japan Airlines International China and North Asia 82.17 81.55 0.62 80.63 82.09 27 11 IRS 88.63 85.55 3.09 81.94 88.29 13 9 DRS 1.049

Iberia Europe and Russia 92.37 90.79 1.59 88.19 92.22 5 20 IRS 71.92 70.27 1.65 67.31 71.67 38 1 DRS 0.774

Turkish Airlines (THY) Europe and Russia 84.14 83.64 0.50 82.69 84.11 23 15 IRS 98.51 96.02 2.49 92.37 98.48 0 24 DRS 1.148

Eva Air Asia Pacific 97.52 95.23 2.29 91.67 97.38 1 28 IRS 75.69 72.94 2.76 67.52 75.56 32 1 DRS 0.766

Virgin Atlantic Airways Europe and Russia 100.00 93.65 6.35 82.57 99.78 0 15 CRS 100.00 91.44 8.56 70.74 99.70 0 2 CRS 0.976

Asiana Airlines China and North Asia 90.53 89.97 0.56 88.96 90.48 11 22 IRS 86.87 84.99 1.88 82.43 86.65 16 9 DRS 0.945

Etihad Airways Middle East and Africa 96.22 95.12 1.10 93.42 96.10 1 29 IRS 91.39 89.50 1.89 87.38 91.06 6 15 DRS 0.941

All Nippon Airways China and North Asia 75.84 75.28 0.56 74.43 75.75 38 2 IRS 93.21 90.54 2.67 86.47 93.05 3 14 DRS 1.203

Malaysia Airlines China and North Asia 93.75 92.81 0.94 91.46 93.63 2 28 IRS 83.73 82.31 1.41 80.42 83.64 21 8 DRS 0.887

TAM Linhas Aereas Latin America 81.63 81.01 0.62 80.00 81.55 29 10 IRS 67.47 65.18 2.29 62.63 67.27 45 0 DRS 0.805

Air India China and North Asia 99.51 98.79 0.72 97.65 99.45 0 41 IRS 82.75 81.38 1.36 79.83 82.56 21 8 IRS 0.824

Saudi Arabian Airlines Middle East and Africa 90.27 89.70 0.57 88.66 90.22 11 22 IRS 95.42 93.03 2.39 89.83 95.29 2 20 DRS 1.037

Qatar Airways Middle East and Africa 94.33 92.94 1.39 90.79 94.19 2 28 IRS 94.35 93.12 1.23 89.96 94.27 3 20 DRS 1.002

Aeroflot-Russian Airlines Europe and Russia 89.29 88.78 0.50 87.85 89.24 15 20 IRS 96.62 96.16 0.46 95.33 96.28 0 29 DRS 1.083

Alitalia Europe and Russia 90.26 89.79 0.46 88.90 90.22 11 22 IRS 92.35 91.30 1.05 90.02 92.18 5 20 DRS 1.017

Low-Cost Airlines

Southwest Airlines US and Canada 79.35 76.52 2.83 71.73 79.14 35 0 DRS 89.53 86.30 3.23 80.75 89.26 11 8 DRS 1.128

Ryanair Europe and Russia 72.35 71.86 0.49 71.03 72.32 45 0 IRS 100.00 94.83 5.17 88.93 99.72 0 18 DRS 1.320

jetBlue Airways US and Canada 81.72 81.12 0.60 80.14 81.66 29 10 IRS 91.79 89.81 1.98 87.02 91.59 6 15 DRS 1.107

easyJet Europe and Russia 73.35 72.95 0.40 72.20 73.32 45 0 IRS 83.55 80.52 3.02 75.89 83.41 21 8 DRS 1.104

Air Berlin Europe and Russia 79.68 79.26 0.43 78.46 79.65 34 8 IRS 81.36 78.58 2.78 74.70 81.16 23 6 DRS 0.991

airTran Airways US and Canada 75.44 75.01 0.43 74.21 75.40 42 2 IRS 86.20 83.45 2.76 79.22 86.02 17 8 DRS 1.113

WestJet US and Canada 81.66 81.10 0.56 80.12 81.60 29 10 IRS 67.75 66.21 1.54 64.07 67.56 43 0 DRS 0.816

Shenzhen Airlines China and North Asia 77.46 76.74 0.72 75.51 77.37 37 3 IRS 71.71 69.49 2.22 66.51 71.57 38 0 DRS 0.906

Jetstar Airways Asia Pacific 88.62 86.04 2.58 81.70 88.37 18 14 IRS 97.09 93.26 3.83 86.01 96.90 0 13 IRS 1.084

Virgin Australia Asia Pacific 84.87 83.76 1.11 81.37 84.79 22 11 IRS 100.00 90.36 9.64 75.04 99.70 0 7 CRS 1.079

AirAsia Asia Pacific 80.48 79.25 1.23 77.14 80.39 31 5 IRS 89.69 86.27 3.42 80.01 89.49 11 8 IRS 1.089

Allegiant Air US and Canada 100.00 93.96 6.04 81.75 99.86 0 14 IRS 100.00 96.89 3.11 90.96 99.96 0 20 IRS 1.031

Norwegian Air Shuttle Europe and Russia 84.97 82.16 2.82 75.60 84.89 22 3 IRS 100.00 87.71 12.29 74.94 99.73 0 6 CRS 1.068
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