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Abstract

Early papers on airline efficiency concluded that there were few economies of scale per se but rather economies of route density. Later papers suggested increasing returns to network size. Recently world airlines have experienced shocks including the events of September 2001 and its aftermath and the outbreak of SAARS. International regulations have changed and aggressive low cost carriers have appeared across the world. In this paper a heterogeneous set of 18 airlines is examined from 1998-2005 Relative efficiency and returns to scale are considered directly through the use of data envelopment analysis and additional operational and network effects are analyzed through a stepwise linear regression.
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1.
Introduction


The efficiency and returns to scale of airlines, particularly in the United States, has been the subject of a considerable number of studies. Earlier papers such as Caves, et al. (1984) concluded that there were few economies of scale per se but that as airlines increased in size they experienced economies of route density. Later authors, for example, Liu et al. (1999) suggested that there are increasing returns to network size which explained the industry’s tendency towards mergers and alliances.

Deregulation in the US focused attention on the gains from size and raised concerns about the degree of competition (or contestability) to be expected in the deregulated industry (Cornwell, et al. 1990 and Kumbhakar 1990.)
Until recently, much of the analysis has concentrated on the US due to the level of deregulation compared to Europe in particular, and the direct comparability of domestic data (Schefczyk 1993 and Adler, et al. 2001). However, recent changes in international regulation and the emergence of aggressive low cost carriers (LCC’s) such as Ryanair in Europe recommend an international comparison of efficiency and returns to scale.

Further, the world and the airline industry in particular has been the subject of a number of exogenous shocks, most notably the events of September 2001, but also including the subsequent changes in security requirements and the outbreak of SAARS. At the same time the airline industry has been undergoing structural changes and the US industry in particular has seen a number of carriers seek bankruptcy protection. These issues raise the question of the extent to which these events impacted the production functions of the world’s airlines as opposed to their financial returns. (See for example, Nolan et al. 2004.)
International regulatory developments and multiple shocks to the airline market place suggest a fresh examination of airline efficiency using recent data on a sample of world airlines of various types.  In the current study 18 airlines, both legacy carriers and more recent entrants, from across the world are examined over the period 1998-2005 bracketing the shocks referred to above and including sufficient time for recognition of their aftermath. The issues of relative efficiency and returns to scale are considered directly through the use of data envelopment analysis and additional operational and network effects are analyzed through a stepwise linear regression.

The data set is described in greater detail in Section 2, and Section 3 reports the results of the DEA analysis. Regression procedures and results are described in Section 4 and Section 5 provides a more general discussion of the results of both analyses. Concluding remarks are given in Section 6.

2.
The Data Set

The primary constraint in airline selection was access to the required data for the full period of analysis. Data were collected from 18 world airlines chosen to capture diversity in geographic location, size, age, home base and alliance. Sources were publicly available data released either directly by the airlines, or through audited financial statements and other required disclosures provided to regulatory bodies and/or investors. Access to this data is available through the airlines’ websites which are provided in Appendix 1 at the end of the paper. Table 1 provides details on the airlines included in the study.
Table 1: Airlines in the sample

	Airline
	Founded
	Home Base
	Size
	Alliance

	Air Canada (AC)
	1937
	Canada
	11th World
	Star Alliance

	Air France (AF)1
	1933
	 France
	5th World
	SkyTeam

	Air New Zealand (ANZ)
	1940
	 New Zealand
	1st New Zealand
	Star Alliance

	American Airlines (AA)
	1930
	United States
	1st World
	Oneworld

	British Airways (BA)
	1924
	England
	3rd Europe
	Oneworld

	Cathay Pacific (CP)
	1946
	Hong Kong
	na
	Oneworld

	Continental (CON)
	1934
	United States
	4th US
	SkyTeam

	Delta (DE)
	1928
	United States
	2nd World
	SkyTeam

	Finnair (FIN)
	1923
	Finland
	1st Finland
	Oneworld

	Lufthansa (LH)
	1926
	Germany
	2nd Europe
	Star Alliance

	Northwest Airlines (NW)
	1926
	United States
	5th US
	SkyTeam

	Quantas (QS)
	1920
	Australia
	1st Australia
	Oneworld

	Ryanair (RY)
	1985
	Ireland
	1st LCC Europe
	---

	Scandinavian (SAS)
	1946
	Sweden
	na
	Star Alliance

	Singapore Airlines (Sing)
	1972
	Singapore
	15th World
	Star Alliance

	Southwest Air (SW)
	1971
	United States
	3rd World
	---

	United Airlines (UA)
	1926
	United States
	4th World
	Star Alliance

	WestJet (WJ)
	1996
	Canada
	na
	---


1The data for Air France in 2004 and 2005 combine AF and KLM since the merger. However the predominant detail over the entire period is with respect to Air France. The size descriptor is from Wikepedia (www.wikepedia.org accessed 30 November 2006) and refers to the number of passengers transported annually.

Annual data were collected covering the period 1998-2005 which overlaps the end of some of the more recent studies and covers the impact of September 2001 and its aftermath, especially with respect to additional security measures and costs, as well as SAARS. The industry has experienced considerable structural change and a number of prominent US carriers have sought Chapter 11 bankruptcy protection while at least some LCC’s on both sides of the Atlantic appear to prosper. While significant amounts of raw financial data are available, the data used for this study are shown in Table 2

The financial and physical production variables are used to represent the direct production process of the airline. Since the emphasis is on production, available seat miles (asm) was judged more appropriate than revenue passenger miles which would also capture demand changes and variations in load factors. The very small portion of output represented by cargo and mail shipments suggested that the construction of a combined index was unnecessary (Ray, et al. 1996). Investment in aircraft consists of the carrying value of the aircraft and significant spare parts.

In the first instance, network variables were selected to reflect the number and variety of the airlines’ services. Destinations served are those serviced by the airline itself as distinct from any code share or alliance availability. To provide a measure of international scope for each airline, the world was divided into ten regions consisting of Africa, Asia, Australia-New Zealand, Caribbean, Central America, Europe, Eurasia, Middle East, North America and South America and the number of regions served was included as a variable.
Table 2: Variables in data set 
	Financial Variables ($US)
	Physical Production Variables
	Network Variables

	Wage Expense
	Available Seat Miles 
	# Destinations served

	Fuel Expense
	Fuel Consumption (US gal.)
	# Aircraft

	Fuel Price
	# Employees
	# Aircraft Types

	Total Assets
	
	# Regions served

	Productive (or fixed) Assets
	
	

	Investment in Aircraft
	
	


Doganis (2001) and others have suggested that the so called low cost carriers function more efficiently than the older carriers by simplifying their operations using fewer types of aircraft; deploying their fleets more efficiently; and focussing  more closely on their core business (Schefczyk 1993). Hence a number of additional variables were constructed to attempt to capture aspects of the complexity of operations. Specifically:

Fleet simplicity = total number of aircraft / number of types of aircraft

Destination Comparability 1 = number of destinations / number of aircraft types

Destination Comparability 2 = number of destinations / number of aircraft 

Fleet Investment = investment in aircraft/total assets

For each of these variables, a lower value is taken to represent a greater degree of complexity in the airline’s structure.

3. Data Envelopment Analysis
DEA analysis was performed using each airline observation from each year as a separate observation giving 144 decision making units (DMU’s). This was based on the assumption that available technology remained largely unaltered over the study period. A review of the reference DMUs selected by the analysis provides informal support for this since observations from early and later years appear in the reference sets. The software used for all the DEA analyses was DEA-Solver Professional Version 5.0.
The input variables selected were value of productive assets, number of aircraft (of any type), quantity of fuel (in US gallons), and total number of employees. Separate flight crew data were not available for a sufficiently large number of airlines to permit disaggregation of employees. Output variables were available seat miles (asm) and number of destinations served.

Using an unconstrained input analysis, sometimes referred to as Charnes-Cooper-Rhodes (CCR-I), 14 of the 144 DMU’s were reported as efficient. Constraining the DEA analysis to compare DMUs of similar size, the Banker-Charnes-Cooper model (BCC-I) produces an estimate of technical efficiency without presuming that the technology is scaleable. In this case 24 DMUs were efficient. 
The ratio of the two measures (CCR/BCC) provides a measure of the scale efficiency of each DMU. The average scores for each airline over the sample period are reported in Appendix 2 and the scale results for each airline through the study period are summarized in Table 3.

Table 3: Airline Returns to scale 1998-2005

	Airline
	Returns to Scale

	
	Increasing
	Constant
	Decreasing

	Air Canada 
	■
	■
	■

	Air France
	
	■
	■

	Air New Zealand
	■
	
	

	American Airlines
	
	■
	■

	British Airways
	■
	■
	■

	Cathay Pacific
	■
	■
	

	Continental
	
	■
	■

	Delta
	
	
	■

	Finnair
	■
	■
	

	Lufthansa
	
	■
	■

	Northwest Airlines
	
	
	■

	Quantas
	■
	■
	■

	Ryanair
	■
	■
	

	Scandinavian
	■
	■
	

	Singapore Airlines
	■
	■
	

	Southwest Air
	
	
	■

	United Airlines
	
	
	■

	WestJet
	■
	■
	


Elsewhere in the literature (Tsolas, et al. 2003), the Spearman non-parametric rank test for correlation has been used to compare scores from different DEA models. In this case the Spearman test was used as a preliminary examination of the effects of size on airline efficiency by testing the correlation between efficiency scores and various measures of airline size. Specifically both sets of DEA scores (CCR-I and BCC-I) correlated very highly with each of the outputs produced with number of destinations dominating asm.  Correlation with input variables is also very high which is particularly suggestive given that these models minimize inputs for given outputs. These results are reported in Table 4. For the scale variable (CCR/BCC) correlations are also high with asm and input variables but noticeably less so with the number of destinations.  These results are also reported in Table 4.
Table 4: Rank correlation of efficiency measures with size
	Model:
	   CCR I
	BCC I (tech)
	Scale
	0.05 sig.

level

	r with size measues:
	
	
	
	0.1639

	# destinations
	0.8844
	0.8634
	0.6632
	

	asm
	0.8563
	0.8388
	0.8911
	

	Physical assets
	0.8791
	0.8004
	0.7841
	

	employment
	0.8923
	0.8701
	0.9027
	


Figure 1 illustrates this correlation between firm size and increasing, constant and decreasing returns to scale derived from the BCC-I analysis. Using number of employees as a measure of firm size on the vertical axis, the DMU’s are plotted in order of their scale efficiency score CCR/BCC. Thus the points in the left hand region labeled “Increasing RTS” correspond to DMU’s with a scale efficiency score of less than one plotted in order of increasing magnitude. The points in the other two regions are derived similarly. Constant returns to scale data are somewhat anomalous and may represent a transition phase. However, the remaining pattern suggests the conventional result that firms grow through increasing returns to scale to reach a mature size with decreasing returns to scale.  While this result serves to explain the drive to expansion amongst airlines at a certain stage in their development, it also raises the question of which aspects of an airline’s operations are non-scaleable.

Figure 1: Firm Size and Returns to Scale
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4. Regression Analysis
Regression analysis provides a means to investigate absolute rather than relative productive efficiency. To recognize that the data is pooled from cross-sectional and time-series, dummies were incorporated for each of the 18 airlines. The software used for all regression analyses was SAS Version 9.0. A suitably scaled variable for year was also incorporated to accommodate an overall trend. 

Caves, et al. (1983) suggested the use of the Cobb-Douglas form for an airline production function and in the first instance the production function for the current data was estimated using the following form: 
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Where L represents labor as measured by total number of employees, F is total fuel consumption in US gallons and K is capital, measured in turn by Productive Assets (PA), Total Assets (TA), and Investment in Aircraft (IAC). For each measure of capital, the regression showed approximately constant returns to scale with 8 airline dummies significant, some negative and some positive. 

Next a stepwise regression was implemented using two model forms and all the variables noted in Table 2. Apart from L, K and F, the remaining variables were entered either in log form (2a) or additively (2b). Year and all 18 airline dummies were also included in the variable choice set.
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Both models reported very high R2 values. Multicollinearity was examined using the condition index based on the relative sizes of the eigenvalues (Belsey, et al. 1980). To address concerns about multicollinearity the stepwise regressions were repeated using ratios for L and F. Thus the two models became:
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(3b)
These models produced a substantial reduction in the condition index scores with a more marked effect for equation (3b). This model also minimized the number of airline dummies to six, all of which were negative.  The parameter estimates for physical inputs remained consistent with the earlier estimations with the value of β estimating returns to scale at 0.99. All parameter estimates for (3b) are reported in Table 4. 

The variable for year was not included by the stepwise procedure but to recognize a possible discontinuity arising from the World Trade Centre attack, SAARS, and changes in security, a number of dummies were introduced. Specifically dummies were tried for 2001; for 2001 and the years following; for 2002; and for 2002 and the years following. None was introduced by the stepwise procedure at the 0.05 significance threshold.

Table 4: Results of Stepwise Regression of available seat miles (asm).

	Variable
	Estimate
p < 0.0001
	Condition

Index1

	Int Intercept (log A)
	2.53860
	1.0000

	Ai Airline dummies

	             BA
	-0.30938
	2.50038

	             CP
	-0.21463
	2.64592

	             SAS
	-0.55588
	2.65121

	             SING
	-0.16507
	2.69052

	             LH
	-0.45339
	2.69554

	             AF
	-0.31236
	2.85802

	In  Input Variables

	             Log (Labour/Total Assets)
	0.26400
	3.22019

	             Log (Fuel Cons./Total Assets)
	0.39437
	4.13166

	             Log (Total Assets)
	0.98513
	4.87926

	C  Network Variables

	             # regions
	0.02014*
	9.80138

	             Investment in aircraft (IAC)
	0.14361
	10.79829

	             # aircraft
	-0.00025411
	15.40211

	            # destinations / #aircraft types
	O.00239
	52.8366

	            # destinations / # aircraft
	-0.18900
	66.36772

	
	* p = 0.0003
	

	
	A   Adjusted R2 = 0.99


1Belsey et al (1980) note that variables may be ill-conditioned for a condition index between 30 and 100.

5. Analysis
Earlier research (Caves, et al. 1984) suggested that the production function for airlines exhibited constant returns to scale and that any benefits of increased size were derived from economies of route density. In this view, airlines were able to be more efficient by utilizing their fleet and other assets more fully. This proposition was used to support efficiency claims expected from deregulating the airlines. Later analysis, post deregulation, was more skeptical of constant returns to scale and suggested that attempts to increase size coupled with the evolution of the hub and spoke system were largely driven by attempts to increase monopoly power (Creel, et al. 2001). In some cases this derived from a narrow view of route competition (Brander et al., 1989) and the success of carriers like Southwest and Ryanair have demonstrated that the “fortress hub” model is far from impregnable. Thus the issue of the connection between airline size and efficiency remains an important one.

The DEA results in this paper indicate that airlines’ physical inputs and outputs follow a familiar pattern of increasing followed by decreasing returns to scale as size increases and that this is true across a broad variety of airlines around the world. Considered alone this would suggest that the existing largest carriers have reached a point where further expansion is unlikely to be attractive, at least from a technical viewpoint. Nevertheless recent amalgamations such as that of Air France and KLM argue that growth continues to be attractive even for large airlines.

The regression analysis returns very robust results in favor of constant returns to scale, a result which is consistent with much earlier results in a very different regulatory environment, in terms of competition, routes and security (Caves, et al 1984). Deviations from constant returns to scale appear to stem from two causes; specific airlines and network differences. With the exception of Cathay Pacific (CP) the dummies reported in the regression correspond directly to those airlines with the lowest average efficiency scores over the eight year period (See Appendix 2). The older European airlines are particularly noticeable in this regard, as reported by Good et al. (1995).

The regression results suggest that the received notion of constant returns to scale in the airline industry is very robust over a considerable time period and over major changes in industry structure as well as exogenous shocks. The effects of shocks such as 2001 and its after-effects and SAARs seem to be accounted for by input and network variables which are consistently chosen over a variety of dummies.
From the regression results, deviations from constant returns to scale as reported by the DEA results are well explained by the strategic decisions made by the airlines in terms of the diversity of destinations served and the equipment used to service them. Specifically the positive coefficient for the number of regions served suggests economies of scope which may be the international equivalent of the earlier “economies of density” variable and which may underlie the move towards expansion and through merger and alliance. The positive coefficient for investment in aircraft coupled with a negative coefficient for number of aircraft emphasizes the importance of the efficiency gains from large aircraft, a view shared by the current development of the Airbus A380 and the Boeing 787.
It is also interesting to note that the number of aircraft types does not appear in the regression, suggesting that the LCC’s owe any efficiency success to their focus on core business (investment in aircraft per se) than reducing the variety of crew certifications and the heterogeneity of the parts inventory. 
6. Conclusions
The results reported here suggest that from a physical input and output standpoint the constant returns to scale version of the Cobb-Douglas model of an airline is remarkably robust over a diversity of times, places and regulatory and exogenous shocks. Deviations from this model are well explained by inefficiencies in the particular firm and by the complexities of the network in which they have elected to operate. Given the interest in the so-called “new models” developed by the LCC’s, it is notable that the results here are sustained across both legacy carriers and LCC’s suggesting that much of the novelty is in the marketing rather than the production side of the business.
However there appears to be a continued drive for growth exemplified by the merger of Air France and KLM and the interest in LCC’s such Southwest in creating new alliances among themselves. This may be explained in terms of increasing returns to network size and fleet investment. Southwest’s interest in forming an alliance is particularly interesting in light of the DEA results which show the airline experiencing decreasing returns to scale. 
The validity of the results across differing competitive and regulatory structures across the world may be a function in part of the interaction between airlines within the alliances enabling them to gain from the returns to regional diversity. However, further research is necessary to examine in more detail the extent to which alliances serve to improve partner airlines efficiencies as distinct from increasing market power. Impending mergers may also provide interesting opportunities to infer airlines’ motives in terms of geographic rationalization, fleet simplification and the like.
References

Adler, N. and B. Golany (2001) “Evaluation of deregulated airline networks using data envelopment analysis combined with principal component analysis with an application to Western Europe”, European Journal of Operational Research, 132(2), pp. 260-273.
Atkinson, S.E. and C. Cornwell (1994) “Estimation of output and input technical efficiency using a flexible functional form and panel data”, International Economic Review, 35(1), pp. 245-255.
Belsey, D.A., E. Kuh and R.E. Welsch (1980) Regression Diagnostics: Identifying Influential Data and Sources of Collinearity, John Wiley and Sons, New York.

Brander, J., B. Cook and J. Rowcroft (1989) "Congestion, Concentration and Contestability: the Case of the Airline Industry", Transportation Research Record, 1214, pp. 37-43.

Caves, D., L. Christensen and M. Tretheway (1984) “Economies of density versus economies of scale: why trunk and local service airline costs differ”, Rand Journal of Economics, 15(4), pp. 471-489.

Cornwell. C., P.  Schmidt and R.C. Stickles (1990) “Production frontiers with cross-sectional and time-series variation in efficiency levels”, Journal of Econometrics, 46, pp. 185-200.

Creel, M. and M. Farell (2001) “Economies of scale in the US airline industry after deregulation: a Fourier series approximation”, Transportation Research Part E, 37(5), pp. 321-336.
Doganis, R. (2001) The Airline Business in the 21st Century, Routledge, Abingdon.
Good, D.H., L. Röller and R. Sickles (1995) “Airline efficiency differences between Europe and the US: implications for the pace of EC integration and domestic regulation”, European Journal of Operational Research, 80(3), pp 508-518.

Kumbhakar, S. (1990) “A reexamination of returns to scale, density and technical progress in US airlines”, Southern Economic Journal, 57(2), pp. 428-442.
Liu, Z. and E.L Lynk (1999) “Evidence on market structure of the deregulated US airline industry”, Applied Economics, 30(9), pp. 1083-1092.
Nolan, J., P. Ritchie and J. Rowcroft (2004) “September 11 and the world airlines financial crisis” Transport Reviews, 24(2), pp. 239-255. 
Ray, C. and K. Mukherjee (1996) “Decomposition of the Fisher ideal index of productivity: a non-parametric dual analysis of US airlines data”, The Economic Journal, 106(439), pp. 1659-1678.
Schefczyk, M. (1993) “Operational performance of airlines: an extension of traditional measurement paradigms”, Strategic Management Journal, 14(4), pp. 301-317.
Tsolas, I.E., O.G. Manoliadis (2003) “Sustainability indices of thermal electrical power production in Greece”, Journal of Environmental Engineering, 129(2), pp. 179-182.

Wikipedia., the free encyclopedia. Available from http://www.wikipedia.org [Accessed 30 November 2006.]
Appendix 1: Airline Web Sites

www.aa.com
www.aircanada.com
www.airfrance.com
www.airnewzealand.com
www.ba.com
www.cathaypacific.com
www.continental.com
www.delta.com
www.finnair.com
www.lufthansa.de
www.nwa.com
www.qantas.com.au
www.ryanair.com
www.scandinavian.net
www.singaporeair.com
www.united.com
www.westjet.com
Appendix 2: Average efficiency scores for 18 Airlines from 1998-2005
	Airline
	Average Efficiencies


	
	Scale (CCR/BCC)
	Technical (BCC)

	Air Canada 
	0.9880
	0.9312

	Air France
	0.9071
	0.7536

	Air New Zealand
	0.9782
	0.8764

	American Airlines
	0.9232
	0.7985

	British Airways
	0.9751
	0.7263

	Cathay Pacific
	0.9829
	0.9376

	Continental
	0.9583
	0.9113

	Delta
	0.9006
	0.9062

	Finnair
	0.9789
	0.8677

	Lufthansa
	0.8391
	0.7021

	Northwest Airlines
	0.9611
	0.9349

	Quantas
	0.9971
	0.9292

	Ryanair
	0.9401
	0.9309

	Scandinavian
	0.9936
	0.5381

	Singapore Airlines
	0.9939
	0.9539

	Southwest Air
	0.9742
	0.8456

	United Airlines
	0.9414
	0.9078

	WestJet
	0.9310
	0.9114


_1239435043.ppt


Increasing RTS

CRTS

Decreasing RTS









PA and RTS


			57.718485


			82.1731


			161.283414


			194.288284


			385.593924


			187.80748


			1233.37921


			1490.08777


			336.03255


			1189.24874898


			1177.51789288


			567.530912


			870.70095


			1281.02089456


			1370.2328895


			1418.19844


			1095.84093986


			2105.31383034


			6341.49587


			6408.53969


			6826.65


			6427.2672


			853.364844


			973.815216


			8844.73866


			946.698822


			8071.703523


			1279.14057


			6415.87236


			2245.5769068


			7183.34235


			6827.85792


			2634.35989926


			6887.49538


			897.63486


			784.3862


			818.745975


			6596.80665


			6652.1472


			4295.70904


			3057.6074


			2765.0763


			3724.25932


			2189.25201


			3203.64232


			2969.13365


			3006.903


			3795.650568


			3413.85


			7459.591925


			4956.84333


			2443.1775


			15829.63449


			14898.77844


			15803.11893


			2760.39119


			816.713858


			9009.673365


			9332.673405


			263.69832


			440.120826


			6895.1246


			6449.56004


			4143.092534


			5971.80864


			3289.45402


			2615.0208


			2168.831


			2075.5273


			1268.54959


			14350.67858


			23331


			23802


			6232.11096


			6677.9802


			6881.27622


			9086.07408


			7870


			10208.1508


			3154.55792532


			4137.6


			4137.6


			5819.7


			6445.5


			6646


			7443


			8723


			9427


			4823.557581


			15038


			14174


			16361


			16808


			16343


			13054


			14865


			6609


			1458.00512


			6269


			6336


			6199


			7673


			24648


			14968


			25330


			1517.08976


			15916.38633


			15622.67808


			16385.44103


			16440.0836


			17478


			19779


			20980


			7320


			9833.95716


			9321


			7195.95108


			7844.3487


			13228


			14280


			4246


			6153


			5304


			11467


			7362


			15304.59771


			5163


			8270


			6314


			8147


			16556


			16752


			16524


			16097


			14840


			6086


			10317.79944


			11448.2277


			11874.30552


			10249.96344


			12322.6908


			11360.17338


			11473.77807





(I) PA


Returns to Scale


PA


PA and RTS





Dest and rts


			9


			12


			15


			20


			21


			27


			31


			33


			35


			44


			44


			45


			46


			46


			46


			46


			46


			48


			49


			49


			51


			51


			52


			53


			56


			60


			60


			62


			62


			64


			64


			68


			69


			69


			71


			80


			80


			87


			90


			100


			101


			105


			108


			116


			123


			125


			128


			129


			130


			135


			142


			150


			154


			166


			168


			190


			24


			59


			62


			66


			67


			67


			92


			111


			145


			146


			147


			148


			148


			148


			148


			150


			150


			198


			198


			198


			198


			223


			293


			438





(O) Dest


RTS


Dest


Dest and RTS





ASM and RTS


			893.008646


			1249.316243


			1906.863288


			2995.516958


			4650.990031


			2305


			8963.103389


			10672.983797


			3126


			18017.493


			17987.0444


			4439


			11051.599


			18961.3996


			19818.9316


			20936.2088


			18464.2796


			19465.9764


			37467.313


			36112.0396


			39017.706


			38470.2526


			6081


			11585.3816


			61870.25026


			11489.0646


			58758.6519


			8744


			39179.27


			13996


			57571.4672


			47983.8866


			17812


			51695.32238


			11321.2866


			10838.4588


			11454.2662


			36836.592


			46022.1268


			50808.771


			19739.3924


			21071.674


			50667.0918


			32719


			21516.5964


			21245.0446


			22358.5934


			57754.7802


			21075.4024


			61834.8926


			59619.6016


			49229


			87787.0422


			99374.9094


			93859.9844


			18712.8396


			6871.715836


			65036.9668


			68033.17118


			13613.0098


			14315.8132


			54514.36562


			51430.7924


			52839.5062


			70841.4642


			26769.912


			26402.0432


			33970


			56536


			54160


			91926.1876


			165000


			237000


			79412.4344


			69880.1584


			62834.7252


			81556.8858


			80122


			63603.02416


			24282


			47543.515


			52855.467


			59909.965


			65295.29


			68886.546


			71790.425


			76861.296


			85172.795


			64749.88


			136630


			145361


			148827


			164849


			175485


			174008


			176686


			98356


			60169


			91311


			99446


			103356


			88593


			165209


			155297


			172200


			60637


			107206.4136


			86481.4808


			113814.3812


			111118.748


			161211


			161030


			174688


			93417


			124744.8072


			142154


			73674.4268


			76253.2368


			140300


			156793


			74727


			84485


			81946


			147073


			78385


			133356.1684


			86100


			91378


			84672


			91775


			151679


			134383


			141719


			147837


			154974


			89647


			72320.58262


			74491.50566


			78545.20856


			76929.81712


			77070.12924


			87398.6672


			89594.6948





(O) ASM


RTS


ASM


ASM and RTS





Empl and RTS


			665


			881


			1292


			1844


			2710


			1094


			4024


			4285


			1262


			9560


			9887


			1476


			10476


			10165


			10394


			10829


			9502


			10761


			13971


			13159


			14473


			14328


			1531


			9981


			30243


			10847


			29422


			1897


			14649


			2302


			28336


			27964


			2717


			27906


			11051


			11264


			11462


			14673


			21000


			28226


			24030


			22721


			28934


			22800


			32389


			27812


			27932


			31632


			31070


			34872


			33044


			31600


			51939


			59218


			60468


			10367


			3396


			28554


			28558


			9522


			9447


			27513


			16188


			29217


			35520


			32481


			32363


			23000


			31991


			33124


			49957


			74960


			92100


			59190


			55199


			54482.8562345168


			71525


			43900


			54867


			3453


			25844


			27653


			29274


			31580


			33705


			32847


			31011


			31729


			33862


			63000


			61000


			72000


			93000


			98000


			91000


			96000


			45708


			39996


			50565


			51823


			53491


			39100


			96400


			116300


			109600


			39480


			65640


			53440


			64051


			60770


			111600


			101600


			91600


			44323


			102722


			67400


			64717


			70101


			56661


			64150


			43900


			42900


			46550


			74000


			37680


			102077


			48400


			40000


			38493


			32460


			69288


			70600


			75100


			76300


			82127


			38724


			66207


			94135


			87975


			69523


			94798


			90673


			92303





(I) Emp


RTS


Employees


Employees and RTS





Fuel and RTS


			18.30324028


			26.76426662


			40.80903892


			60.34448056


			79.4561469


			54.4


			127.6034773


			143.6194565


			65


			320.9


			372.2


			82.9


			204.3528697836


			319.2


			331.8


			352.8


			397.7431347655


			304.1


			775


			780


			810


			815


			101.9


			200.4111911422


			1199.4124590983


			201.9719115428


			1280.6428348251


			133.8


			850


			210


			1167.3477530941


			1071.7655583131


			245.8


			995.0029912007


			157.5001127803


			187.5714042778


			254.3212234556


			875


			972


			869.6934270724


			446.6189604652


			442.0233196044


			940.0575778113


			585.26


			633.7794756


			464.4544025393


			465.8570427011


			804.3500971095


			624.5118528654


			1126.1471301296


			1109.8226169602


			840.84


			1788.3521430839


			2023.9995363215


			1901.6798622217


			319.2


			79.97942498


			1226.466229319


			1403.8199939421


			218.7682198317


			212.970494798


			869.6130968352


			1160


			613.2339222735


			860.8781943324


			654.3610215184


			644.6768293223


			591.76


			842.4


			871


			2184.828


			2948


			3014


			1145.455365675


			1382.2278568596


			1714.8649767243


			1736.4741814793


			1296


			1700.542427031


			308.7


			850.2299102255


			934.1680895466


			1022.239166349


			1088.0609652837


			1120.4234671372


			1147.9944674965


			1207.729468599


			1302.9126213592


			826.6565618835


			2202


			2349


			2458


			2861


			3101


			3029


			3065


			2029


			993.72


			1877


			2039


			2113


			1752


			2956


			2827


			3163


			1064.7


			1528.1158553011


			1601.1215905127


			1706.817968094


			2343.914919852


			2957


			3045


			3294


			1896


			2799.9450901321


			2664


			1700.5407059952


			1773.1881605393


			2250


			2492


			1487


			1426


			1536


			2730


			1257


			1930.3406993482


			1533


			1766


			1333


			1745


			2527


			2370


			2514


			2649


			2876


			1376


			1713.0836120004


			1655.2213806282


			1696.3547596419


			1689.99763105


			1714.9109520526


			1871.7751264058


			1936.8891600697





(I) Fuel


RTS


Fuel Consumption


Fuel and RTS





asm and rts line


			893.008646


			1249.316243


			1906.863288


			2305


			2995.516958


			3126


			4439


			4650.990031


			6081


			8744


			8963.103389


			10672.983797


			10838.4588


			11051.599


			11321.2866


			11454.2662


			11489.0646


			11585.3816


			13996


			17812


			17987.0444


			18017.493


			18464.2796


			18712.8396


			18961.3996


			19465.9764


			19739.3924


			19818.9316


			20936.2088


			21071.674


			21075.4024


			21245.0446


			21516.5964


			22358.5934


			32719


			36112.0396


			36836.592


			37467.313


			38470.2526


			39017.706


			39179.27


			46022.1268


			47983.8866


			49229


			50667.0918


			50808.771


			51695.32238


			57571.4672


			57754.7802


			58758.6519


			59619.6016


			61834.8926


			61870.25026


			87787.0422


			93859.9844


			99374.9094


			6871.715836


			13613.0098


			14315.8132


			24282


			26402.0432


			26769.912


			33970


			51430.7924


			52839.5062


			54160


			54514.36562


			56536


			62834.7252


			63603.02416


			65036.9668


			68033.17118


			69880.1584


			70841.4642


			79412.4344


			80122


			81556.8858


			91926.1876


			165000


			237000


			47543.515


			52855.467


			59909.965


			60169


			60637


			64749.88


			65295.29


			68886.546


			71790.425


			72320.58262


			73674.4268


			74491.50566


			74727


			76253.2368


			76861.296


			76929.81712


			77070.12924


			78385


			78545.20856


			81946


			84485


			84672


			85172.795


			86100


			86481.4808


			87398.6672


			88593


			89594.6948


			89647


			91311


			91378


			91775


			93417


			98356


			99446


			103356


			107206.4136


			111118.748


			113814.3812


			124744.8072


			133356.1684


			134383


			136630


			140300


			141719


			142154


			145361


			147073


			147837


			148827


			151679


			154974


			155297


			156793


			161030


			161211


			164849


			165209


			172200


			174008


			174688


			175485


			176686





(O) ASM


rts


asm


ASM and RTs





dset and rts line


			9


			12


			15


			20


			21


			27


			31


			33


			35


			44


			44


			45


			46


			46


			46


			46


			46


			48


			49


			49


			51


			51


			52


			53


			56


			60


			60


			62


			62


			64


			64


			68


			69


			69


			71


			80


			80


			87


			90


			100


			101


			105


			108


			116


			123


			125


			128


			129


			130


			135


			142


			150


			154


			166


			168


			190


			24


			59


			62


			66


			67


			67


			92


			111


			145


			146


			147


			148


			148


			148


			148


			150


			150


			198


			198


			198


			198


			223


			293


			438


			53


			55


			57


			59


			60


			60


			62


			65


			81


			110


			110


			110


			110


			133


			135


			135


			145


			148


			150


			150


			155


			158


			158


			160


			160


			162


			168


			168


			168


			168


			169


			169


			169


			175


			189


			194


			198


			198


			200


			203


			206


			216


			219


			226


			228


			229


			230


			238


			243


			248


			250


			251


			251


			251


			251


			258


			326


			327


			339


			340


			347


			347


			373





(O) Dest


RTS


dest


Dest and RTS





fuel and rts line


			18.30324028


			26.76426662


			40.80903892


			60.34448056


			79.4561469


			54.4


			127.6034773


			143.6194565


			65


			320.9


			372.2


			82.9


			204.3528697836


			319.2


			331.8


			352.8


			397.7431347655


			304.1


			775


			780


			810


			815


			101.9


			200.4111911422


			1199.4124590983


			201.9719115428


			1280.6428348251


			133.8


			850


			210


			1167.3477530941


			1071.7655583131


			245.8


			995.0029912007


			157.5001127803


			187.5714042778


			254.3212234556


			875


			972


			869.6934270724


			446.6189604652


			442.0233196044


			940.0575778113


			585.26


			633.7794756


			464.4544025393


			465.8570427011


			804.3500971095


			624.5118528654


			1126.1471301296


			1109.8226169602


			840.84


			1788.3521430839


			2023.9995363215


			1901.6798622217


			319.2


			79.97942498


			1226.466229319


			1403.8199939421


			218.7682198317


			212.970494798


			869.6130968352


			1160


			613.2339222735


			860.8781943324


			654.3610215184


			644.6768293223


			591.76


			842.4


			871


			2184.828


			2948


			3014


			1145.455365675


			1382.2278568596


			1714.8649767243


			1736.4741814793


			1296


			1700.542427031


			308.7


			850.2299102255


			934.1680895466


			1022.239166349


			1088.0609652837


			1120.4234671372


			1147.9944674965


			1207.729468599


			1302.9126213592


			826.6565618835


			2202


			2349


			2458


			2861


			3101


			3029


			3065


			2029


			993.72


			1877


			2039


			2113


			1752


			2956


			2827


			3163


			1064.7


			1528.1158553011


			1601.1215905127


			1706.817968094


			2343.914919852


			2957


			3045


			3294


			1896


			2799.9450901321


			2664


			1700.5407059952


			1773.1881605393


			2250


			2492


			1487


			1426


			1536


			2730


			1257


			1930.3406993482


			1533


			1766


			1333


			1745


			2527


			2370


			2514


			2649


			2876


			1376


			1713.0836120004


			1655.2213806282


			1696.3547596419


			1689.99763105


			1714.9109520526


			1871.7751264058


			1936.8891600697





(I) Fuel


rts


fuel consumption


(I) Fuel and rts





emp and rts line


			665


			881


			1094


			1262


			1292


			1476


			1531


			1844


			1897


			2302


			2710


			2717


			4024


			4285


			9502


			9560


			9887


			9981


			10165


			10367


			10394


			10476


			10761


			10829


			10847


			11051


			11264


			11462


			13159


			13971


			14328


			14473


			14649


			14673


			21000


			22721


			22800


			24030


			27812


			27906


			27932


			27964


			28226


			28336


			28934


			29422


			30243


			31070


			31600


			31632


			32389


			33044


			34872


			51939


			59218


			60468


			3396


			3453


			9447


			9522


			16188


			23000


			27513


			28554


			28558


			29217


			31991


			32363


			32481


			33124


			35520


			43900


			49957


			54482.8562345168


			54867


			55199


			59190


			71525


			74960


			92100


			25844


			27653


			29274


			31011


			31580


			31729


			32460


			32847


			33705


			33862


			37680


			38493


			38724


			39100


			39480


			39996


			40000


			42900


			43900


			44323


			45708


			46550


			48400


			50565


			51823


			53440


			53491


			56661


			60770


			61000


			63000


			64051


			64150


			64717


			65640


			66207


			67400


			69288


			69523


			70101


			70600


			72000


			74000


			75100


			76300


			82127


			87975


			90673


			91000


			91600


			92303


			93000


			94135


			94798


			96000


			96400


			98000


			101600


			102077


			102722


			109600


			111600


			116300





(I) Emp


DMU's in ascending order of scale measure (CCR/BCC)


# employees





data and rts


			Year			(I) PA			(I) AC			(I) Fuel			(I) Emp			(O) Dest			(O) ASM			RTS			RTS of Proj DMU


			WJ(98)			58			11			18			665			9			893			Increasing			Increasing


			WJ(99)			82			16			27			881			12			1249						Increasing


			RY(98)			188			21			54			1094			27			2305						Increasing


			RY(99)			336			26			65			1262			35			3126						Increasing


			WJ(00)			161			22			41			1292			15			1907						Increasing


			RY(00)			568			36			83			1476			45			4439						Increasing


			RY(01)			853			44			102			1531			52			6081						Increasing


			WJ(01)			194			27			60			1844			20			2996						Increasing


			RY(02)			1279			54			134			1897			62			8744						Increasing


			RY(03)			2246			75			210			2302			64			13996						Increasing


			WJ(02)			386			35			79			2710			21			4651						Increasing


			RY(04)			2634			100			246			2717			69			17812						Increasing


			WJ(04)			1233			54			128			4024			31			8963						Increasing


			WJ(05)			1490			56			144			4285			33			10673						Increasing


			ANZ(02)			1096			83			398			9502			46			18464						Increasing


			ANZ(98)			1189			74			321			9560			44			18017						Increasing


			ANZ(99)			1178			76			372			9887			44			17987						Increasing


			FIN(03)			974			61			200			9981			53			11585						Increasing


			ANZ(03)			1281			81			319			10165			46			18961						Increasing


			ANZ(00)			2760			81			319			10367			190			18713						Increasing


			ANZ(04)			1370			89			332			10394			46			19819						Increasing


			FIN(02)			871			59			204			10476			46			11052						Increasing


			ANZ(01)			2105			86			304			10761			48			19466						Increasing


			ANZ(05)			1418			89			353			10829			46			20936						Increasing


			FIN(01)			947			58			202			10847			60			11489						Increasing


			FIN(00)			898			57			158			11051			71			11321						Increasing


			FIN(98)			784			55			188			11264			80			10838						Increasing


			FIN(99)			819			55			254			11462			80			11454						Increasing


			CP(99)			6409			77			780			13159			49			36112						Increasing


			CP(98)			6341			72			775			13971			49			37467						Increasing


			CP(00)			6427			75			815			14328			51			38470						Increasing


			CP(01)			6827			84			810			14473			51			39018						Increasing


			CP(02)			6416			80			850			14649			62			39179						Increasing


			CP(03)			6597			86			875			14673			87			36837						Increasing


			CP(04)			6652			89			972			21000			90			46022						Increasing


			SAS(99)			2765			190			442			22721			105			21072						Increasing


			AC(98)			2189			157			585			22800			116			32719						Increasing


			SAS(98)			3058			185			447			24030			101			19739						Increasing


			SAS(00)			2969			203			464			27812			125			21245						Increasing


			SING(99)			6887			84			995			27906			69			51695						Increasing


			SAS(01)			3007			321			466			27932			128			22359						Increasing


			SING(98)			6828			82			1072			27964			68			47984						Increasing


			QS(99)			4296			135			870			28226			100			50809						Increasing


			SING(01)			7183			92			1167			28336			64			57571						Increasing


			QS(98)			3724			146			940			28934			108			50667						Increasing


			SING(02)			8072			96			1281			29422			60			58759						Increasing


			SING(03)			8845			85			1199			30243			56			61870						Increasing


			SAS(03)			3414			302			625			31070			130			21075						Increasing


			AC(00)			2443			391			841			31600			150			49229						Increasing


			QS(01)			3796			147			804			31632			129			57755						Increasing


			SAS(02)			3204			314			634			32389			123			21517						Increasing


			QS(02)			4957			178			1110			33044			142			59620						Increasing


			QS(03)			7460			196			1126			34872			135			61835						Increasing


			BA(04)			15830			310			1788			51939			154			87787						Increasing


			BA(98)			14899			347			2024			59218			166			99375						Increasing


			BA(02)			15803			348			1902			60468			168			93860						Increasing


																											gMarker


			WJ(03)			817			44			80			3396			24			6872			Constant			fConstant


			RY(05)			3155			107			309			3453			438			24282			Constant			fConstant


			FIN(05)			440			69			213			9447			67			14316			Constant			fConstant


			FIN(04)			264			66			219			9522			66			13613			Constant			fConstant


			CP(05)			6450			96			1160			16188			92			51431			Constant			fConstant


			AC(99)			2169			239			592			23000			148			33970						fConstant


			SING(00)			6895			84			870			27513			67			54514			Constant			fConstant


			SING(04)			9010			89			1226			28554			59			65037			Constant			fConstant


			SING(05)			9333			90			1404			28558			62			68033			Constant			fConstant


			QS(00)			4143			147			613			29217			111			52840			Constant			fConstant


			AC(04)			2076			199			842			31991			148			56536			Constant			fConstant


			SAS(05)			2615			280			645			32363			147			26402						fConstant


			SAS(04)			3289			297			654			32481			146			26770						fConstant


			AC(03)			1269			421			871			33124			148			54160			Constant			fConstant


			QS(05)			5972			148			861			35520			145			70841			Constant			fConstant


			CON(02)			7870			584			1296			43900			223			80122						fConstant


			BA(05)			14351			207			2185			49957			148			91926						fConstant


			AF(98)			6881			270			1715			54483			198			62835						fConstant


			LH(98)			10208			339			1701			54867			293			63603						fConstant


			AF(99)			6678			270			1382			55199			198			69880						fConstant


			AF(00)			6232			346			1145			59190			198			79412						fConstant


			AF(03)			9086			360			1736			71525			198			81557						fConstant


			AA(05)			23331			720			2948			74960			150			165000						fConstant


			AA(04)			23802			515			3014			92100			150			237000			Constant			fConstant


																											eMarker


			SW(98)			4138			280			850			25844			53			47544						Decreasing


			SW(99)			4138			312			934			27653			55			52855						Decreasing


			SW(00)			5820			344			1022			29274			57			59910						Decreasing


			SW(04)			8723			417			1208			31011			62			76861						Decreasing


			SW(01)			6446			355			1088			31580			59			65295						Decreasing


			SW(05)			9427			445			1303			31729			65			85173						Decreasing


			NW(05)			8147			580			1745			32460			248			91775			Decreasing			Decreasing


			SW(03)			7443			388			1148			32847			60			71790						Decreasing


			SW(02)			6646			375			1120			33705			60			68887						Decreasing


			QS(04)			4824			190			827			33862			81			64750						Decreasing


			CON(03)			7362			590			1257			37680			228			78385						Decreasing


			CON(04)			6314			594			1333			38493			243			84672						Decreasing


			CON(05)			6086			622			1376			38724			258			89647			Decreasing			Decreasing


			NW(03)			7673			568			1752			39100			158			88593						Decreasing


			AC(01)			1517			471			1065			39480			162			60637			Decreasing			Decreasing


			AC(02)			1458			488			994			39996			148			60169			Decreasing			Decreasing


			NW(04)			8270			633			1766			40000			238			91378						Decreasing


			CON(01)			6153			522			1426			42900			216			84485						Decreasing


			CON(98)			4246			495			1487			43900			206			74727						Decreasing


			NW(02)			7320			575			1896			44323			175			93417						Decreasing


			NW(01)			6609			428			2029			45708			145			98356						Decreasing


			CON(99)			5304			510			1536			46550			219			81946						Decreasing


			CON(00)			5163			537			1533			48400			230			86100						Decreasing


			NW(98)			6269			409			1877			50565			150			91311						Decreasing


			NW(99)			6336			410			2039			51823			150			99446						Decreasing


			BA(03)			15623			330			1601			53440			168			86481						Decreasing


			NW(00)			6199			424			2113			53491			155			103356						Decreasing


			UA(05)			13228			460			2250			56661			200			140300						Decreasing


			BA(99)			16440			460			2344			60770			168			111119						Decreasing


			UA(04)			14174			497			2349			61000			110			145361						Decreasing


			UA(03)			15038			532			2202			63000			110			136630						Decreasing


			BA(00)			16385			402			1707			64051			168			113814						Decreasing


			DE(05)			14280			649			2492			64150			203			156793						Decreasing


			AF(01)			7196			365			1701			64717			198			73674						Decreasing


			BA(01)			15916			347			1528			65640			168			107206						Decreasing


			LH(99)			10318			306			1713			66207			326			72321						Decreasing


			DE(98)			9321			569			2664			67400			194			142154			Decreasing			Decreasing


			DE(04)			16556			841			2527			69288			250			151679						Decreasing


			LH(00)			10250			331			1690			69523			340			76930						Decreasing


			AF(02)			7844			376			1773			70101			198			76253						Decreasing


			DE(03)			16752			833			2370			70600			251			134383						Decreasing


			UA(02)			16361			567			2458			72000			110			148827						Decreasing


			DE(99)			11467			584			2730			74000			226			147073			Decreasing			Decreasing


			DE(02)			16524			831			2514			75100			251			141719						Decreasing


			DE(01)			16097			831			2649			76300			251			147837						Decreasing


			DE(00)			14840			831			2876			82127			251			154974			Decreasing			Decreasing


			LH(01)			11874			345			1696			87975			339			78545						Decreasing


			LH(04)			11360			377			1872			90673			347			87399						Decreasing


			UA(98)			13054			577			3029			91000			135			174008			Decreasing			Decreasing


			AA(01)			20980			1224			3294			91600			169			174688						Decreasing


			LH(05)			11474			333			1937			92303			373			89595			Decreasing			Decreasing


			UA(01)			16808			543			2861			93000			110			164849						Decreasing


			LH(02)			11448			344			1655			94135			327			74492						Decreasing


			LH(03)			12323			382			1715			94798			347			77070						Decreasing


			UA(99)			14865			594			3065			96000			135			176686						Decreasing


			AA(03)			24648			1041			2956			96400			158			165209						Decreasing


			UA(00)			16343			604			3101			98000			133			175485						Decreasing


			AA(00)			19779			732			3045			101600			169			161030						Decreasing


			AF(05)			15305			568			1930			102077			229			133356						Decreasing


			AF(04)			9834			497			2800			102722			189			124745						Decreasing


			AA(02)			25330			1179			3163			109600			160			172200						Decreasing


			AA(99)			17478			549			2957			111600			169			161211						Decreasing


			AA(98)			14968			482			2827			116300			160			155297						Decreasing










0


20000


40000


60000


80000


100000


120000


140000


DMU's in ascending order of scale measure (CCR/BCC)


# employees





_1239526717.unknown

_1239527121.unknown

_1239527110.unknown

_1239526703.unknown

_1226734130.unknown

