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ABSTRACT

This paper analyses airlines’ efficiency and pragitg using two different
methodologies: data envelopment analysis and ttdator productivity, and we
additionally investigate which factors account tbfferences in efficiency. Our main
findings show that low cost carriers are in generare efficient than full service
carriers, efficiency and the dispersion of bothadativelopment analysis and total factor
productivity indexes amongst airlines differ acdngdto geographical areas, which may
be a result of different legislation and de-regolatprocesses, and so of specific
competitive conditions, labour is the only inpuatldefinitively influences productivity,
and larger airlines are more efficient, suggestiregexistence of economies of scale.

1. Introduction

The air transport market has undergone considei@didage. De-regulation in Europe,
North America and Australia, have led to a siguifity increased competition, and along
with de-regulation, many European airlines thatevErmerly state-owned have been
either fully or partial privatisation. Also, adjasénts following the events of September
11" have effected the environment in which air seviare provided. Finally, the large-
scale market entry of low cost carriers (LCCs) inaseased competition and affected the
fares charged by incumbent airlines. As a consdmqfethese and other developments, it
is probable that the relative efficiency of the gty airlines have changed.

This paper performs analysis on the comparativieieficy of airlines in this new market
context looking at a large sample of airlines arging two different methods of
measuring performance efficiency. The sample igi®fcarriers in 2005. Additionally
possible factors that may account for higher pradilg are examined. Data
envelopment analysis (DEA) and total factor prouohitgt (TFP) methods are used for
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analysis. Further, we use regression analysis nd &ut which factors account for
productivity differences.

Previous DEA efficiency studies of airlines are mwous. Some of the more recent
include Sheraga (2004) who using data for 38 a&slifrom around the world for 1995
and 2000 found that relative efficiency had changdd. Fethiet al. (2001) looked at 17
European carriers for 1991 and 1995 and found liat995 it was too soon find any
improved efficiency. Oum and Yu (1995) analyzeda#Bnes over the period from 1986
to 1993 and found that that most improved their TWkh European airlines, in
particular, having had low indexes in 1986. Fateal. (2007) studied the effects of
deregulation on the productivity of 13 US airlinéxcept for Sheraga, other studies use
data prior 1995 before LCCs were important andstoan in most cases to examine the
medium term effects of de-regulation and libergiisa Our analysis captures the effects
of the new market environment introduced by the=sg conditions.

2. Theairlines

Forty-nine airlines from different parts of the Wwbare grouped by the International Air
Transport Association’s (IATA) regional classifitat are - Europe and Russia (21
airlines), North America and Canada (11), China Bodth Asia (8), Asia Pacific (7),
Africa and Middle East (2). The aim was to incluebeh region’s largest airlines as well
as a representative sample of LCCs. Of the airlit®sare European, North American,
and Asia Pacific LCCs. Data for 2005 are used angaices include airlines’ annual
reports, direct information from airlines, the Imtational Air Transport Association’s
(various years) yearly publicatiodorld Air Transport Statistics) and the Association of
European Airlines (2007 )earbook 2006.

Tables 1 and 2 summarize some of the main featirds airlines. Passenger revenues
range from 49% for Eva Airways to 98% for Norwegiainlines. As most LCCs do not
carry cargo, they have the highest shares of pgesarvenues. Other revenues come
mainly from selling maintenance and engineeringvises, catering, leasing of own
aircraft, sale of fuel and sale of goods but theasea small share, and only account for
27% for Japan Airlines, the carrier with the latggsare. The airlines vary considerably
in size, with an average doing 66,155 million aafalié seat kilometres (ASKSs) - largest
the largest American Airlines doing 283,364 millivith smallest, Cyprus Airways,
doing 3,067 milion.



Table 1 Input and Output Mix

Mean StDev Highest Lowest
Revenue shares
Passenger 80% 17% 95% 49%
Cargo 8% 9% 45% 0%
Other 10% 7% 27% 1%
Inputs cost shares
Labour 23% 8% 33% 8%
Capital 11% 4% 18% 2%
Fuel 25% 9% 57% 11%
Others 41% 10% 59% 13%
Input use
Labour per min ASKs 0.37 2.10 1.09 0.08
Block hours (day average) 9.90 0.21 15.3 4.7
Fuel (min gallons
per billion ASKSs) 7.8 8.6 13.4 3.4
Size (min ASKs) 66155 68017 283364 3067

Table 2 Percent of Inputsand Outputs by Airline Type

Shares of output

revenues Passenger Other Salaries Capitall Fu®ther
Full service airlines

Average 78.1 10.9 22.2 11.3 25.3 41.5
Standard Deviation  10.6 7.2 7.8 4.0 8.4 8.5
Low cost airlines

Average 935 6.3 23.2 11.0 27.2 38.6
StDev 4.4 4.5 10.4 12.3 14.0




The input and output mix used in DEA is generalhyfarm for the airlines examined,
the only major difference being lack of cargo e amongst the LCCs The share of
“other inputs” in operating costs is relatively higcross the board, with a mean of 41%
and a highest value of 59%, for Malev. “Other irguiffer amongst airlines and their
shares in operating revenues depends much on theaty’'s decision between
outsourcing and internalising the production of soaf these services. Labour costs
shares range from 8% for Eva Airways to 33% for SAis reflects greater
international differences amongst salaries thaecéffe labour use. As an example,
Asian airlines have lower shares of salaries inscbat higher levels of employment per
ASK. For example, PIA’s ratio of employees per ioill ASKs is of 0.93, while Ryanair
ratio is of 0.08. Block hours range from a maximafri5.3 for American Airlines to a
low of 4.7 for SAS.

4. Efficiency and productivity analysis

4.1. Data Envelopment Analysis

The DEA performance analysis was performed accgrthnthe input-oriented Banker-
Charnes-Cooper model (Banker, 1984), using variedilans to scale, with each airline
considered as a separate decision making unit (DWkB model is:
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where:

x; is the I" input of DMU j;

yij is the I input of DMU j;

O is the efficiency score of the considered DMU,;

Z)Ij =1 is the convexity constraint in the Banker-Char@Ge®per model:
j=1

§ is an input slack parameter;

S is an output slack parameter;

A, =0 and is a constraint for applying the super-efficemeasure.



To distinguish between airlines’ efficiency and eefiveness, as well as different
efficiency frontiers, several DEA sub-analyses hdeen performed using slightly
differentiated data sets, i.e. for efficiency, effeeness and for three airlines groups: all
carriers, FSCs, and LCCs

The DEA data set includes as inputs - labour (nunabecore business workers), fleet
(number of operated aircraft) and fuel (in gallammsumed) and as outputs - ASKs,
revenue passenger kilometres (RPKs) and revenue tilometres (RTKS).

The DEA results are presented in Table 3. Overalkee that LCCs perform better than
full service airlines. The two exceptions are Anail and West Jet; both have very low
efficiency and effectiveness scores. Their wealegfopmance could be due to not being
able to get the most of their inputs, or by thduiefice of factors not considered here.
Among the full service companies the lowest perfomoe scores are for Aeroflot. In
general, it is not possible to draw a simple cosioln as to any correspondence between
efficiency and effectiveness patterns. However, umnlmer of airlines display best
performance results (values of unity) in both éfincy and effectiveness cases (about
45% of these are LCCs). Geographic area of ope&safitso seems to account for certain
parallels. The majority of European and Americamiees have higher effectiveness than
Asia Pacific and China/North Asia airlines that gexly appear more efficient than
effective. Similarly, the difference in performanoetween LCCs and FSCs is greater for
European operators than for American ones. LCCaadmappear sensitive to either of
these effects, but are highly efficient across libard with no significant variations in
their efficiency or effectiveness scores.

Table 3 DEA Results on Operational Efficiency and Effectiveness

Classification Unit name Efficiency Effectiveness
p Iberia 0.7391 0.7254
= Alitalia 0.577: 0.527:
wn KLM 0.5011 0.5494
o SAS 0.3423 0.4752
< Austrian 0.4979 0.6094
Q British Airways 0.838: 1.000¢
o Lufthansa 0.6449 0.7529
> AirFrance 0.5821 0.7281
§ EBESZE & Turkish Airlines 0.692: 0.742¢
g TAP 0.812( 0.747:
%) Cyprus Airways 1.0000 1.0027

Aeroflot 0.334¢ 0.392:
Malev 0.556¢ 0.551(
Finnair 0.6709 0.9412
CSA 0.4186 0.4246
Iceland Ail 0.889" 0.865"
LOT 0.4713 0.4593
Delta 1.0000 1.0000
Northwest 0.6088 0.8410
American Airline: 1.000( 1.000(
US& CANADA United Airlines 0.95670 1.0000
Midwest Airlines 0.544¢ 0.509:
Air Canadi 1.000( 1.000(



Continental 0.5970 0.7497

China Southern Airline 0.674« 0.671(
All Nippon Aiways 0.8471 0.7193
Japan Airlines 1.0000 1.0000
CHINA & NORTH Korean Air 0.7235 0.6615
ASA Malaysian Airline: 0.682¢ 0.633(
Singapore Airlines 1.0000 1.0000
PIA 0.7483 0.6900
Cathay Pacifi 1.000( 1.000(
Eva Airway: 0.908: 1.000(
Thai Airways 0.9993 0.9346
ASAPACIFIC Jet Airway: 0.4827 0.454:
Qanta 0.868¢ 0.994¢
Air New Zealand 0.7931 0.8430
MIDDLE EAST & Emirates 1.0000 1.0000
AFRICA Kenya Airway:! 0.773¢ 0.759:
6 Easyjet 0.9030 0.9438
= EUROPE & Norwegian 1.0000 1.0000
0O RUSSA Ryanair 1.0000 1.0000
8 Virgin Expres: 1.000( 1.000(
— Virgin Blue 0.8587 0.8440
o ASIAPACIFIC Air Asia 0.881: 0.860(
;;g Southwest 0.9403 0.9109
= AirTran 0.3286 0.3087
% US & CANADA JetBlue 1.0000 1.0000
West Je 0.575( 0.563¢
Mean 0.7605 0.7837
Standard deviatic 0.212¢ 0.208:

4.2 Total Factor Productivity Analysis

We use three outputs and four inputs to look at.TGRtputs are passenger service
(measured in RPKSs), cargo service (measured in IR&Kd ancillary output. This last
measure includes items related to operations dtieer passengers and cargo and they
were computed following Oum and Yu (1996). Hencevenues are residuals of
passengers and cargo services and quantities latdatad dividing residual revenues by
the purchasing power parity (PPP) index obtainednfiPenn World Table. PPP was
converted in euros and normalised to Germany’s PPP.

As inputs we used labour (the number of employessg)ijtal (the airline’s fleet), fuel,
(gallons), and “other operating inputs”. Other @by inputs are computed by dividing
residual operating costs (salaries and benefitpjtatacost, measured by aircraft
depreciation and aircraft leasing costs, and fast)cby the same PPP index used for
outputs. This was done because “other operatingtsiipepresent a mix of goods and
services that are similar to residual outputs, diffdr from the ones adopted by Oum and
Yu which are based on land and property.

Output and input were aggregated into a single area®llowing Caves et al.’s (1982)
methodology. TFP was normalised to Air Canada, Wwhieas selected as the base
company because it has a unitary score in the Diyais thus offering a reasonable
basis of comparison of the TFP and DEA results.pGutinput and TFP indexes are
presented in Table 4. Results should be read takitogconsideration Oum and Yu’s
observation regarding TFP’s limitations. With theeption of Air Tran, low cost airlines



exhibit higher productivity as anticipated. In faghd as stated by Hansson et al. (2003)
being “low cost” means adopting a business modeldged on simple, streamlined
processes and products. Simplicity and businesdsyaty on minimal inputs that enable
high productivity levels.

Regional differences among companies’ productivigvels might be expected.
Legislation and de-regulation processes are spetdfieach region giving potentially
different level of competitive pressure on carrievth resultant implications for
productivity and X-efficiency. The North Americammogp of airlines exhibits greater
homogeneity in TFP scores, with a standard deviatio22.5, probably reflecting more
intensive competitive conditions and similar lefjameworks. European carriers reveal a
high standard deviation (43.5) and confirming Sabais (2004) findings of large
dispersion in efficiency amongst European airlindse dispersion is also large (45.2) in
China and North Asia. The Asia Pacific group iodieterogeneous (49.4), with efficient
companies, like Cathay Pacific and Qantas competiitig poorly performing airlines,
like Pakistan International Airlines and Jet Aingayindia and Pakistan companies
register very low levels of productivity and thersais true of small and medium sized
European airlines, such as SAS, CSA, Aeroflot aadeM The group of China and North
Asia exhibits the highest average TFP score (kt8)siderably above the other groups.

Table4 TFP Results



Airlines

Ryanair

Air Asia

Eva Airways
Japan Airlines
Korean Air
Cathay Pacific
JetBlue

Virgin Blue
Virgin Express
Emirates

Easyjet

Qantas

Southwest
Continental

All Nippon Aiways
West Jet

British Airways
Norwegian
American Airlines
Northwest
Lufthansa

United Airlines
Iberia

KLM

Air New Zealand
Cyprus Airways
Singapor e Airlines
Deta

Thai Airways

Air Canada

AF

Finnair

Alitalia
Malaysian Airlines
Midwest Arlines
Turkish Airlines
Austrian

Kenya Airways
TAP

China Southern Airlines
SAS

Malev

Air Tran

Aeroflot

PIA

JetAirways

CSA

Output Input TFP
Index index Index

0.51 0.20 253
0.08 0.04 210
0.65 0.35 186
2.72 1.49 182
1.24 0.75 164
1.19 0.75 160
0.30 0.20 151
0.24 0.16 150
0.04 0.03 141
0.99 0.71 139
0.43 0.31 139
1.70 1.26 135
127 0.96 133
212 161 131
1.35 1.05 128
0.23 0.19 125
2.06 1.67 123
0.04 0.03 123
341 2.80 122
1.98 1.70 117
3.33 2.86 116
2.88 251 115
0.89 0.78 115
121 1.09 112
0.32 0.29 110
0.05 0.04 108
152 141 108
2.59 247 105
0.96 0.92 104
1.00 1.00 100
2.05 212 97
0.27 0.28 96
0.72 0.77 93
0.70 0.77 91
0.08 0.08 90
0.37 0.42 90
0.35 0.41 86
0.09 0.11 84
0.24 0.29 84
1.09 1.39 78
0.76 1.00 76
0.10 0.14 72
0.17 0.25 69
0.38 0.63 61
0.24 0.46 51
0.17 0.36 47
0.09 0.21 44




When comparing DEA and TFP results, due to a higlegree of data correspondence
between effectiveness measurements, the analysisds on this measure. Our results
indicate that the performance dynamics of the nodlogies are very similar. Where

there are disparities, variations may be due teimitarities in the inputs/outputs used. In

particular, the TFP measure uses one more inpubaadnore output than the DEA. In

the case when the input or output not omitted irADias a large weight in one airline’s

costs or revenues, the two methodologies may \ififigerent results. Despite these

problems the both DEA and TFP analysis are comgigteshowing that LCCs are in the

vast majority of cases more efficient than tradiéibcarriers.

4.3 Regression Analysis

To investigate which inputs explain better produtti differences, TFP scores are
regressed against indexes reflecting the use afulalfleet and fuel — namely EMP

(employees per million ASK), H (block hours per fand F (fuel consumption per

million ASKSs). Variable SZ (airlines’ size, in bitihs ASKs) was included to check for
the existence of economies of scale. As the arsabfsiTFP’s results clearly shows that
low cost airlines have higher productivity scoreduaamy variable was added taking the
unitary value for LCCs and zero otherwise.. TwocHpmstions are examined; one with

all independent variables and the second withontgsignificant variables.

The first equation is:
TFP =k + bhH + LEMP + BLCC + byF + bSZ (2)

It is expected that H will have a positive sigrhe tmore the fleet is used, the higher the
productivity of capital, and of the airline. EMPasltd have a negative sign, as a higher
use of labour per ASK would lower productivity. Feensumption per ASK should not
differ much across airlines, depending mainly om types of aircrafts used, and so it is
expected that this variable is not significant. @sgive and significant coefficient of SZ
indicates the existence of economies of scale.LTB@ dummy variable is anticipated to
have a positive sign.

Table 5 summarises the results of the regressialysis. Of the three inputs, only EMP
is significant. Employment per ASK has the expesligd and its coefficient shows that a
reduction of 112 employees per million ASKs leaals tone point increase in an airline’s
TFP index. It was expected that higher aircraft w®uld contribute to higher
productivity indexes but this does not materialitee LCC dummy is significant and has
the expected positive sign and there is some waedicdtion of the existence of
economies of scale. In the modified specificatiatheut the insignificant variables there
is little change much. The adjusted Rmains near 0.6, and F-statistic is high, but the
LCC dummy increases in significance as does SZ.

As the influence of the variable LCC is strong, esttvariables’ influence may be
dampened within the full data set. Therefore, #oad regression was performed using
only observations for traditional carriers:



TFP =k + bhH + BLEMP + yF + )SZ 3)

Using all variables, the results, however, do rn@nge much. All input variables keep
similar levels of significance, and the value of #idjusted Rand F do not change. Size
becomes less significant in this second equatimplying that LCCs also account for
some of the overall scale effects. This confirme there are concentrations in the LCC
segment of the industry (Alamdari and Mason, 20@&pnomies of scale making it
easier for such concentration to occur. To gainesamights into the factors leading to
these economies of scale, SZ was regressed withhall variables reflecting inputs’ use:
H, EMP and F. Only EMP proved to be significantaaly reasonable level suggesting
that scale economies are caused mainly by relaavengs in labour as airlines expand
their operations. An effect reported by Associat@nEuropean Airlines (2004) from
2000 to 2003.

Table 5 Regression Analysis Results

Table - Results of Regressions

Constant Independent Variables
Dependent Variable N H EMP LCC F Z
First equation
TFP 47 149.8 ** -0.23 -112.2** 38.9 * -1338.6 0.103 *
0.00 0.90 0.00 0.02 0.27 0.10
TFP 47 1395 *=* -113.60***  40.6 *** 1.68
0.00 0.00 0.01 0.01
Second equation N Constant H EMP F Sz
TFP 37 139.1 ** 0.5 -115.9 ¥+ -482.4 0.11 *
0.00 0.79 0.00 0.74 0.10
TFP 37 1419 *= -118.4 0.11 *
0.00 0.00 0.07

* Significant at 10%
** Significant at 5%
**Significant at 1%

5. Conclusions

Our results from examining a large sample of adinusing two alternative
methodologies: DEA and TFP show that LCCs are einegal, more efficient than FSCs
because of the business model they follow, andoroause of their size and input mix.
Further, DEA analysis suggests that efficiency aaftectiveness are not always
correlated; while some airlines display close valagboth efficiency and effectiveness,
this is not always the case. TFP analysis shows#thairlines from regions that have
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more homogeneous regulatory structures, like NArtterica, are more uniform in their
productivity. The general results are robust relgasd of whether programming or
statistical analysis was applied.
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