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Abstract

The performance of the airline industry has been widely studied using data envelopment analysis (DEA). 
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airline operations performance. In the current paper, airline performance is measured using a two-stage 
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model enables obtaining insights not available from the standard DEA approach.
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While the DEA studies cited above provide meaningful insights about airlines’ operational performance, 
����������	�����������	�����%&����/����	�������	
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of the factors related to the airline operational performance.
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presence of multiple inputs and outputs. In other words, all the factors related to airline operational performance 
$�������������������	�������	��	�!���	�������������������	��������/���������������	
������	�������	��	��
/�������	
��������	������	����������!�7����#�������]����������8
���H===�������������/����������������
�	������	�/�	�����������	�/�	�!�"��	
����	���������	�/�	��$�������������������/�����������	��������	���
����	
����	��	��$��������	�������������!�"��	
�������	�/�	���	�����	
������	��������������$���������������	���
while market value, returns, and earnings per share were used as outputs. Seiford and Zhu used the standard 
�%&��������
�	
�	��������	�����������	��	������+�	��/�	$����	
��	$���	����������������	
���	������	��
��������!�7����#�������	
����������	��������
����	���������	�����	����	������	��������������������	��
��
�������������	��	�	��!�]��
������	���$�����������������	�����	
�����	��	������	��	���	
���/����������
	
��������������	
�	��	���!�'����������	
�����+�	��3�������{$�����;<<@������6�����_���������8
���;<<@��
�������������%&�/������������	���������������
�$
������������������������/�	
����������	���������	
��
����������������������/���/	����!�'
����$��������
���������/�	
��	����������������������$������#�x���
simultaneously while determining a set of optimal (common) weights assigned to the intermediate measures.
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importance of characterizing internal relations among performance measures is demonstrated. The remainder 
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Data and Model
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to the ones selected.
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3
���	��	� �	 ��� is the total amount of fuel used by an airline’s aircraft. Gallons of fuel used is largely 
��������	���������������+��	��x�����������/������	������/�	����������/���������	�����������������+��	����!�
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doing so will cover the costs of providing seat capacity. If a company is below this break-even load factor, the 
company will be spending more than it is earning and will lose money.
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comparison between airlines.

����� �	,
����+��	���� is calculated by multiplying the number of paying passengers by the number of 
�����	
�	�	
���	�����!�7����#���������H<<������������+�$�;�<<<�������	�$�����������	��;<<�<<<���������
����������������\2���!�\2�����������������/���������������������	�������$
������������	�������/������	�
miles, RPMs show how many available seats the airline actually sold relative to its overall capacity.

�
����+��	����� � includes ticket fares and money spent by passengers on items such as food and bag checks.
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          (1)

where inputs are )�[	, (i���H��;������) and outputs are ��[ 
, (���H��;������).
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of airlines can be grouped into a two-stage process, as shown in Figure 1.

>��[	�	[ ��H�;�!!!�n

Cost per available seat mile
Salaries per available seat mile
Wages per available seat mile
:����	�����������/������	����
7�����#���������������/������	����

Load factor
Fleet size

Revenue passenger miles
Passenger revenue

mixij ,,,,2,1, � sryrj ,...,2,1, �Ddzdj ,...,2,1, �

Stage 1 Stage 2

?�+ ��	:B	Airline two-stage performance.
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determined via a centralized model.
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����	��������	������	�����������
needs to be included, namely, it is assumed >��[ (  [��H��;�����n) has >	intermediate measures 0�[	, (���H��;��
���>).
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je  and the second as 2

je . Based upon the DEA 
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where iv , dw , dw~ , and ru  are unknown non-negative weights. It is noted that dw  is set equal to dw~  in 
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be presented as
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s.t.

1
je  � 1 and 2

je  � 1 and dw ��� dw~ .
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oe ,1  = 







�

�
m

i
ioi

D

d
dod

xv

zw

1

*

1

*

 = 

�

D

d
dod zw

1

*  and dCentralize
oe ,2  = 







�

�
D

d
dod

s

r
ror

zw

yu

1

*

1

*

. dCentralize
oe ,1 dCentralize

oe ,2          (5)

If we denote the optimal value to model (4) as dcentralize
oe , then we have dcentralize

oe ��� dCentralize
oe ,1 4 dCentralize

oe ,2 . 
Note that optimal multipliers from model (4) may not be unique, meaning that dCentralize

oe ,1  and dCentralize
oe ,2  may 

��	�/����>��!�6�����_��������8
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is unique.

Application
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Table 3
#�
��
��	>�"	���������

Airline ;<<? ;<<@
AirTran Holdings <!@jj=; <!?@=��
Allegiant Travel Company 1.00000 1.00000
Alaska Air Group <!=�?�@ <!?�j@j
Continental Airlines 1.00000 ��&
China Eastern Airlines 1.00000 ��&
Delta Air Lines Inc. 1.00000 1.00000
Frontier Airlines Holdings 1.00000 1.00000
Gol Intelligent Airlines Inc. <!@j@j? ��&
Hawaiian Holdings Inc 1.00000 <!@j@�;
JetBlue Airways 1.00000 <!@H�=?
US Airways Group 1.00000 1.00000
Lan Airlines S.A. 0.64006 ��&
Southwest Airlines Company 1.00000 1.00000
Mesa Air Group 1.00000 1.00000
Pinnacle Airlines ��& 1.00000
Republic Airways Holdings 1.00000 1.00000
Ryanair Holdings 1.00000 1.00000
SkyWest 1.00000 1.00000
United Continental Holdings, Inc. 1.00000 1.00000
%#�����^�	 1.00000 <!=@�?H
Northwest Airlines <!=;�@= ��&
AMR CORP 1.00000 1.00000

����B	��"H	data are not available.

'�/����������j������	�	
�������	�������������������	
�������������������	���/�����������j�!���	��	
�	�
/����������	
���#�	���������	������	������������	�������/���	
�	���������	
���������������	!�_
����
_���������8
���;<H<�������������������������������	�����	
������	������������	���x������������!�"��/�	
�
�������&�\�_��������	�����	���_��	���	����_
���%��	����&�������]��	
$��	�&����������	
$��	������
US Airways are top ranked based upon the overall centralized scores.
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Table 4
�����
�/��	��� ��	��	899;

Airline _��	���x���%�������� dcentralize
oe Rank dCentralize

oe ,1 dCentralize
oe ,2

AirTran Holdings <!H=?@H 13 <!@HH�; <!;��@;
Allegiant Travel Company <!<??@; ;H <!;@�<� <!;?�=�
Alaska Air Group <!;�;�� 11 <!@HjH< <!;=?��
Continental Airlines <!?�j;� 4 <!?�j;� 1.00000
China Eastern Airlines <!�@H;� 5 1.00000 <!�@H;�
Delta Air Lines Inc. <!@@@�H ; <!=���? <!=�@��
Frontier Airlines Holdings 0.13650 16 0.35419 <!�@j�?
Gol Intelligent Airlines Inc. <!;Hj<� H; <!�=j@� 0.43366
Hawaiian Holdings Inc 0.10369 ;< <!H���; <!??j=�
JetBlue Airways 0.31445 10 <!@@��j <!�j�?�
US Airways Group 0.56099 @ <!@<<j� <!?<<?�
Lan Airlines S.A. <!H;=<? H@ <!�<;;? <!�;<@j
Southwest Airlines Company <!�;;?� 6 1.00000 <!�;;?�
Mesa Air Group <!H�j�; 15 1.00000 <!H�j�;
Republic Airways Holdings <!HH?�; 19 1.00000 <!HH?�;
Ryanair Holdings <!�jj@? 9 1.00000 <!�jj@?
SkyWest 0.19300 14 1.00000 0.19300
United Continental Holdings, Inc. <!?=?�H 3 <!?=?�H 1.00000
%#�����^�	 <!H;=�� H? 1.00000 <!H;=��
Northwest Airlines <!�H�?� ? <!@�;H� <!?�;�?
AMR CORP <!=j<@= 1 <!=j<@= 1.00000

Table 5
�����
�/��	��� ��	��	899J

Airline _��	���x���%�������� dcentralize
oe Rank dCentralize

oe ,1 dCentralize
oe ,2

AirTran Holdings <!;�;H; @ <!j<�?j <!�j@<�
Allegiant Travel Company <!<@��� H? <!;;H�; <!�??�=
Alaska Air Group <!H=H�? 10 <!�Hj;@ <!��H<?
Delta Air Lines Inc. <!�=;;= ; 1.00000 <!�=;;=
Frontier Airlines Holdings <!;;<<< 9 <!�?�j� <!j@�;=
Hawaiian Holdings Inc <!H<?=? 15 <!H;;;� <!@@��j
JetBlue Airways <!�<?<= ? <!�?��j <!�jjH@
US Airways Group <!��?<= 6 <!?<�;j 0.66419
Southwest Airlines Company <!�;?=H 4 1.00000 <!�;?=H
Mesa Air Group <!H@�H� 11 1.00000 <!H@�H�
Pinnacle Airlines <!H<��; 16 1.00000 <!H<��;
Republic Airways Holdings <!H��;< 13 1.00000 <!H��;<
Ryanair Holdings <!j@<@@ 5 1.00000 <!j@<@@
SkyWest <!H?==� H; 1.00000 <!H?==�
United Continental Holdings, Inc. <!��=�@ 3 <!��=�@ 1.00000
%#�����^�	 0.14039 14 <!=���? <!H�j�@
AMR CORP <!@;?j< 1 <!@��?H <!=@<?@

According to www.wikinvest.com, most commercial airline companies declined after the terrorist events 
���=�HH�/�����������������+�$����������/�����������������!�"�����	���	��	
����������������������������
���������$��������!�7�������	���	
����*����#����������������������������������!�]�������������
such as Southwest had the foresight to lock in low fuel prices using hedging strategies, but most airlines, for 
�#���������	���&�������
�������
�������	��	����!�'
������+��	�����	
�����	���x��������!�]��	
$��	���
������	�������	
�����	��	��������/�	
������!���	�����
�
�����������/�	�	�����	��	����������������$�����	�
����������	��
�
������������������$���/����������������	���������������	
����������	���!

"��;<<?��?���	����;�����������������
�����H<<�������������	
�����	��	�������+��	����	��������/�	�
only 3 achieved 100% in the second stage of revenue generation. This result indicates most of the airlines 
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Travel Company, Hawaiian Holdings, and Republic Airways. This result indicates the standard DEA model 
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rating under model (1), is ranked 14. This result indicates that simply classifying all performance factors as 
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quality rating was a weighted average of multiple elements including on-time performance, denied boarding, 
mishandled baggage, and customer complaints based upon the U.S. Department of Transportation’s monthly 
"��	��
��	���� ���	��,���. Interestingly, the airline quality rating had a strong negative correlation with the 
���	���x��������������������������	�����	
���	������/�	
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and the quality of their services.

Conclusions
&�����	�����	���6�����_���������8
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�������������-

tiple stages with intermediate measures. It has been recognized that standard DEA models do not appropriately 
address such multi-stage structures. In this paper, the centralized model developed by Liang, Cook, and Zhu 
�;<<@��$��������	���	����	
�����������������	
������������	�����;<<?�����;<<@!�"	�
���/�����
�$��	
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centralized model has more discriminate power than does the standard DEA model. While the standard DEA 
���������������	����	
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�����	���x������������/���	��������	�������������������������
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�������	�	��	��+��	������	�������������������������������������������������������	��!

In the current analysis, freight revenue was not included as an output from the second stage. This is be-
cause freight revenue data for about 50% of the airlines was not available. With the centralized models, the 
�������������+��	����	�������������������������	�������������	�������	���������	����	����������	����
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about whether the airlines use the simultaneous or leader-follower strategy for their operations is unknown, 
it is believed that the centralized approach (for the simultaneous strategy) would lead to the more “neutral” 
measurement of their performances; it is also believed airlines have total control over the two stages of opera-
	��!�'
��������������/���������$	
�	
��������������$����������
����#��	�������	����/��	������������
operation strategy were to be available.
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