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DOES SIZE MATTER IN THE AIRLINE INDUSTRY?

D.K. Malhotra
Philip Russel

Thomas Jefferson University

ABSTRACT
Over the last decade, the U.S. airline industry has transformed itself through mergers, restructurings,
bankruptcies, and dissolutions. Also during this time, the airline industry focused on a business model that
was driven by an emphasis on asset utilization.  This was driven by increasing the load factor to increase
cost efficiencies through economies of scale so that the return on invested capital could be improved by
reducing the operating costs. This study evaluates economies of scale and resultant cost efficiencies in the
U.S. passenger airline industry for the period 2013 to 2018.  The research finds that the airline industry is
experiencing cost efficiencies with every increase in the size of the airline, but cost efficiencies are not evenly
distributed. The paper also finds that the main source of cost efficiency appears to be aircraft maintenance
expenses.

INTRODUCTION

1 Source: https://www.airlines.org

This study evaluates economies of scale in the U.S.
airline industry over the period of 2013 to 2018.
Commercial aviation has a direct impact on our
nation’s economy, creating more than 10 million
well-paying American jobs and driving 5 percent of
the U.S. gross domestic product and nearly $1.7
trillion in annual economic activity.1 The airline
industry in the United States has undergone
transformational changes within recent decades with
several mergers, acquisitions, bankruptcies and
restructurings. A spate of mergers that completely
changed the competitive landscape of the U.S.
airline industry occurred in the period around 2008-
2016.  A major event occurred on October 31,
2010, when UAL Corp., parent company of United
Airlines, and Continental Airlines Inc. completed
their merger, creating United Continental Holdings
Inc. Other important deals include the merger of
Delta Air Lines and Northwest Airlines Corp. in
2008, the acquisition of AirTran Holdings Inc. by
Southwest Airlines for $1.4 billion in cash and stock
in May 2011, and the $3.0 billion purchase of Virgin
America by Alaska Air Group in December 2016.

During this process of restructuring and
reorganization, the airline industry has learned that
market share alone is not enough to survive and
compete in this highly competitive market. Instead,

they also need profitability by emphasizing and
obtaining a better rate of return on capital through
improvement in load factor and cost efficiencies.
The goal of this new emphasis on profitability and a
better rate of return is to focus on cost reduction
with the goal of earning a rate of return that is higher
than the cost of capital so that these decisions add
long-term value to the company. Mergers and
acquisitions in the U.S. airline industry have been
driven by this desire to reduce costs and improve
the rate of return.

According to Federal Aviation Administration
(FAA), the U.S. commercial aviation industry
consisted of six airlines that control about 85% of
the commercial market in November 2017. These
airlines are Alaska Air Group Inc. (which completed
its merger with Virgin America Inc. in December
2016), American Airlines Group Inc., Delta Air
Lines Inc., Jet Blue Airways Corp., Southwest
Airlines Co., and United Continental Holdings Inc.
The rationale for these mergers was that it will help
airlines attain cost efficiencies through economies of
scale and earn a superior rate of return on their
capital.

In this study, we evaluate cost efficiencies of these
six major airlines in the U.S. passenger airline
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industry over the past six years from 2013 to 2018.
The study is important for several reasons.
First, we are not aware of any study that evaluates
cost efficiencies of the major airlines in the United
States.  Secondly, in the wake of the mergers and
restructurings, size and scale have become more
important than ever. The U.S. airlines industry has
fewer competitors and less capacity chasing
customers, which should help the industry to be
more disciplined on capacity, so airlines can price
their product in a way that generates a sustainable
return on invested capital.

Finally, the industry will help regulators understand
the impact of mergers on the cost reduction and
profitability of companies. Companies usually argue
that they need to merge, because it help them
improve their operating efficiency and profitability.
Also, if mergers reduce operating costs and airlines
are able to operate at a lower cost  then some of
this cost savings should be passed on to consumers
in the form of lower ticket prices.

The rest of this paper is organized along the
following lines.  The first section summarizes
previous studies.  The second section discusses the
model used in this study. Data and methodology are
discussed in the following section. The next section
provides a discussion of the empirical findings. The
final section summarizes and concludes this study.

LITERATURE REVIEW

There have been several studies on economies of
scale in different industries, but few studies have
specifically focused on the U.S. airline industry.
Johnston and Ozment (2013) investigated
economies of scale in the U.S. airline industry using
annual data from 1987 to 2009. They found that the
U.S. airline industry operated under modest
economies of scale. The study reported that, on
average, the largest major U.S. airlines have
enjoyed increasing returns to scale for the previous
22 years. Caves, Christensen, and Tretheway
(1984) studied economies of scale for the U.S.
airline for the period 1970-1981. They found that
small airlines have a higher cost, but differences in

scale did not explain the higher cost for smaller
airlines. They concluded that density of traffic within
an airline’s network is responsible for explaining
cost differences among airlines. Creel and Farell
(2001) evaluated economies of scale in the U.S.
airline industry after deregulation of the airline
industry. They analyzed the cost structure of the US
airline industry after deregulation and found that
there were economies of scale at moderate levels of
output. They concluded that due to the existence of
economies of scale, airlines will try to grow to the
efficient size.

Seong-Jong & Fowler (2014) used data
envelopment analysis for measuring the relative
efficiency of 90 airlines in Asia, Europe, and North
America. They found that the efficiency of the
airlines in Europe is the lowest among the airlines in
these three regions. Min & Min (2015) developed a
set of target performance standards that help airlines
monitor their service delivery process, identify
relative weaknesses, and take corrective actions for
continuous service improvements. Wu & Ying-Kai
(2014) used an integrated DEA-BSC model to
evaluate the operational efficiency of 38 major
airlines across the world to evaluate their relative
performance. The study indicated that airlines with
excellent performance in the efficient frontiers
tended to perform better in energy, capital, and
other operating costs.  Carastro (2010) emphasized
the use of non-financial measures to evaluate the
airline industry. Assaf & Josiassen (2011) measured
the technical efficiency of U.K. airlines through by
using data envelopment analysis (DEA) bootstrap
methodology. They reported that the efficiency of
UK airlines has continuously declined since 2004 to
reach a value of 73.39 per cent in 2007. Factors
which were found to be significantly and positively
related to technical efficiency variations included
airline size and load factor. Schefczyk (1993)
studies 15 airlines by using data envelopment
analysis as a technique to analyze and compare
operational performance of airlines. The study
concluded with an analysis of strategic factors of
high profitability and performance in the airline
industry.
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In this paper, we extend previous studies by
examining cost efficiencies U.S. airlines. To our
knowledge, no study has examined the operating
efficiency of the U.S. airlines since the shakeup of
the airline industry in the United States.

MODEL

To evaluate economies of scale in the airline
industry, we estimate the coefficients of a translog
cost function to determine which factors contribute
to economies of scale and their degree of
contribution.  We then estimate cost elasticity with
respect to the amount of output (output is being
measured in two different methods: total assets and
total revenue) using the first derivative of the
translog cost function.  Cost elasticity is estimated
for the total sample for each year.

In order to investigate economies of scale in the
airline industry, we use a two-part methodology.
The first part is an estimation of coefficients for a
translog cost function to determine which factors
contribute to economies of scale and the extent to
which they contribute for each of the five years in
the period 2013 to 2018. We estimate economies
of scale for total operating expenses of an airline
and also with respect to each component of the total
operating expenses, namely salary & benefits,
aircraft fuel, station operations, maintenance &
repairs, sales & marketing, and aircraft lease rentals.

The second part is an estimation of coefficients for a
translog cost function using the panel data approach.
The panel data approach allows for pooling of
observations on a cross-section of U.S. airlines over
five years.  When observations possess the double
dimension (cross section and time series), the crucial
aspect of the problem is to have a clear
understanding of how differences in behavior across
individuals and/or through time could and should be
modeled.  A panel data set offers several
econometric benefits over traditional pure cross
section or pure time series data sets.  The most
obvious advantage is that the number of
observations is typically much larger in panel data,
which will produce more reliable parameter
estimates and, thus, enable us to test the robustness

of our linear regression results.  Panel data also
alleviates the problem of multicollinearity, because
when the explanatory variables vary in two
dimensions (cross-section and time series), they are
less likely to be highly correlated.  Panel data sets
make it possible to identify and measure effects that
cannot be detected in pure cross section or time
series data.  For instance, sometimes it is argued
that cross section data reflect short-run behavior,
while time series data emphasize long-run effects.
By combining the cross-section and time series
features of a data set, a more general and
comprehensive dynamic structure can be formulated
and estimated.  The use of panel data suggests that
individuals, firms, states, or countries are
heterogeneous (Balestra 1995).  Time series and
cross-section studies not controlling for this
heterogeneity run the risk of obtaining biased results
(Baltagi 2000).  Panel data controls for individual
heterogeneity.

The most intuitive way to account for individual and/
or time differences in the context of panel data
regression is to use the fixed effects model.  The
fixed effect model assumes that difference across
airlines can be captured in differences in the
constant term. The regression coefficients (the slope
parameters) across groups in this model are
unknown, but fixed parameters.  It is also known as
the least square dummy variable (LSDV) model and
we use the LSDV fixed-effect model to estimate
cost efficiencies in the airline industry.

Translog Cost Function
In financial economics, the translog model is the
most pervasive approach for investigating
economies of scale.   The translog cost model
implicitly assumes a U-shaped average cost
function.  It is used here because it allows
economies of scale to vary with level of assets.

The estimation of scale economies with a translog
cost function requires cost and output measures.
For the airline industry, the output in this paper has
been defined in terms of
· Total assets of the airline
· Total revenue of the airline
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Total operating cost of each airline is defined as the
total cost of operating an airline that includes wages
& benefits expenses, aircraft fuel, aircraft
maintenance, aircraft rent, landing fees & other
rentals, contracted services, selling expenses,
depreciation & amortization expense, food &
beverage service expense, other operating
expenses. An airline’s total operating expense is
modeled as a function of total assets and control
variables that affect level of expenses.

We use a translog cost function to estimate
economies of scale in the airline industry. Ordinary
least squares (OLS) regression is used to find
coefficients of the independent variables. Equation 1
shows the translog cost function to estimate
economies of scale for the airlines with respect to
total output (See Latzko, 1999):

Ln COST = ß
0
 + ß

1
 ln TOTAL OUTPUT + ½ ß

2

(ln TOTAL OUPUT)2 + Ó
j
 ß

j
X

j
 + e (1)

In the translog function, the definition of COST
depends on the input variable with respect to which
one we are computing economies of scale.
Therefore, cost can be the dollar amount of a
company’s total operating expenses and each
component of the total operating expenses that
includes salary & benefits, aircraft fuel, station
operations, maintenance & repairs, sales &
marketing, and aircraft lease rentals.  Output is
being measured in terms of either total assets of the
airline or in terms of total revenue of the airline.

X
j
 includes control factors that affect the costs of

management and administration of an airline.  In
Equation 1, ASSETS represent the total assets
under management at a company.  When we
measure cost efficiency with respect to total assets,
we use total revenues of the company as a control
variable. Similarly, when we measure cost efficiency
with respect to total revenue, we use total assets of
the company as a control variable.

Cost Elasticity
The most common measure of operating efficiency
in economies of scale studies is the elasticity of cost
with respect to the output.  When the rate of

increase in output exceeds the rate of increase in
cost in an industry, economies of scale characterize
that industry.  For the industry, cost elasticity with
respect to assets can be used to evaluate the
existence and extent of economies of scale.  It is
measured by percentage change in cost associated
with a percentage change in output.  We calculate
this elasticity by taking the first derivative of the
translog cost function (Equation 1) with respect to
assets.  The result is Equation 2.

Where COST can represent
o Total operating expenses; or
o salary & benefits expenses, or
o aircraft fuel expenses, or
o station operations expenses, or
o maintenance & repairs expenses, or

And output represents
o Total assets; or
o Total revenue

If cost elasticity is less than one, airline’s expenses
increase less than proportionately with changes in its
assets.  This implies that economies of scale exist.  If
the elasticity is greater than one, we can infer that
diseconomies of scale exist.

To investigate the existence of economies of scale,
we estimate the scale economy measure for each
observation and then average across observations
to derive the group scale economy measure.  The
cost elasticity is found for each observation (airline).
Then an average across observations is computed
to obtain the group average elasticity.

We estimate cost elasticities for the total group of
airlines in each annual sample as well as for the
combined sample period from 2013 to 2018.

DATA AND METHODOLOGY

The data for the airline industry is obtained from
Mergent Online. Table 1 provides summary
statistics of the data used in this study.
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Table 1 shows that for the airline industry, on an
average:
· total assets have increased by 31.6percent in 2018
relative to 2013

· Total passenger revenue increased by 25.3
percent in 2018 relative to 2013; however, this
increase has not been consistent. Total revenue
shows an increase in 2014 relative to 2013, but
shows a decline in 2015 and 2016 relative to the
previous year.  In 2017, total passenger revenue
again shows an upward tick with an increase over
the previous year.

· Wages and benefits have increased by more than
57.6 percent in 2018 relative to 2013.

· Aircraft fuel charges show an increase in 2014
relative to 2013, but show a decline in 2015 and
2016 due to a decline in crude oil prices. In 2017
and 2018, fuel prices now show an upward tick.

· Aircraft maintenance expenses do not show any
consistent trend. In 2014, maintenance expenses
showed an upward tick, but in 2015, they declined.
In 2016 and 2017, maintenance expenses again
trend upward, but in 2018, maintenance expenses
again show a decline over the previous year. On
average, aircraft maintenance expenses show an
increase of 10.4 percent in 2018 over 2013.

· Total operating expenses show an increase of 24.1
percent in 2018 relative to 2013.

EMPIRICAL ANALYSIS

Cost Efficiencies With Respect To Total Assets
Table 2 summarizes the regression results of the
translog cost function specified in equation 1. Table
2 shows four variations of equation 1. In the first
model the natural logarithm of total operating
expenses are the dependent variable. In the second,
third, and fourth model, we use wages and benefits,
aircraft fuel, and aircraft maintenance as the
dependent variables, respectively.

Model 1 shows that the natural logarithm of assets
has a positive coefficient estimate that is statistically

significant.  This implies positive cost elasticity in that
the level of assets directly affects total operating
costs of an airline.  Total operating revenue is
positively related to the total operating expenses and
is statistically significant.  Model 2 shows that there
is a positive relationship between wages and
benefits and size of the airline as measured by total
assets, because the coefficient on natural logarithm
of assets is positive in model 2 and is statistically
significant. Once again, total operating revenue has a
positive and statistically significant coefficient.

In model 3, natural logarithm of aircraft fuel costs is
the dependent variable. The natural logarithm of
assets has a negative coefficient estimate, but it is
not statistically significant.  This implies the level of
assets does not directly affects total aircraft fuel
costs for an airline. It is not surprising, because
aircraft fuel costs beyond a point are a market
determined variable and cannot be influenced by the
size of the airline.    In model 4, the natural logarithm
of assets has a positive coefficient and is statistically
significant in explaining the natural logarithm of
aircraft maintenance. This implies positive cost
elasticity in that the level of assets directly affects the
aircraft maintenance costs of an airline.

For all of the four models, the average cost elasticity
for the overall sample is positive and below 1.0.  A
two-tailed t-test shows that the differences are
significantly different from 1.0 for total operating
expenses, wages and benefits, and aircraft
maintenance.  For aircraft fuel, the average cost
elasticity is 0.98, but it is not statistically significant.

So, airline total operating expenses increase less
than proportionately with increases in the total
assets. For every one dollar increase in the airline’s
assets, total operating expenses, on average,
increase by $0.58.  Cost elasticity for aircraft
maintenance is 0.20 and this is the biggest source of
cost efficiencies for larger airlines and seems to be
the motivating force and argument for mergers in the
airline industry.  For every one dollar increase in
total assets, aircraft maintenance expenses, on
average, increase by $0.20.  Airlines also reap
benefits of economies of scale in wages and benefits
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through larger size. Table 2 shows that with every
dollar increase in total assets, wages and benefits,
on average, increase by $0.61. By combining
operations and reducing duplication of efforts,
airlines have been able to improve labor efficiency in
terms of reduced labor costs.

Although the cost elasticity for aircraft fuel expenses
is 0.96, but it is not statistically significant. Aircraft
fuel cost is more dictated by market price of crude
oil rather than the size of the airline and, as a result,
we do not see any economies of scale in aircraft fuel
expenses.

Cost Efficiencies With Respect to Total
Operating Revenue
Table 3 summarizes the regression results of the
translog cost function specified in equation 1 with
output being measured in terms of total operating
revenue. Table 3 shows four variations of equation
1. In the first model, natural logarithm of total

operating expenses are the dependent variable. In
the second, third, and fourth model, we use wages
and benefits, aircraft fuel, and aircraft maintenance
as the dependent variables, respectively.

Model 1 shows that the natural logarithm of total
operating revenue has positive coefficient estimate
that is statistically significant.  This implies that the
level of total operating revenue directly affects total
operating costs of an airline.  The coefficient on total
assets are positively related to the total operating
expenses and is statistically significant.  Model 2
shows that there is a positive relationship between
wages and benefits and size of the airline as
measured by total operating revenue, because the
coefficient on natural logarithm of operating revenue
is positive in model 2 and is statistically significant.
Once again, total operating revenue has a positive
and statistically significant coefficient.
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In model 3, natural logarithm of aircraft fuel costs is
the dependent variable. The natural logarithm of
total operating revenue has negative coefficient
estimate and is statistically significant.  With higher
operating revenue, aircraft fuel cost is lower. Since
revenue is a factor of number of tickets multiplied by
the price of the ticket, it seems that airlines continue
to charge a higher price even when the fuel cost has
declined.  In model 4, natural logarithm of assets has
a positive coefficient and is statistically significant in
explaining the natural logarithm of aircraft
maintenance.

Average cost elasticity is below 1 and statistically
significant for total operating expenses and aircraft
maintenance, which points to economies of scale for
the airline when size is measured by total operating
revenues.   For wages and benefits and aircraft fuel,
average cost elasticity is more than 1 and statistically
significant. With every one dollar increase in total
operating revenue, airlines to spend more than a
dollar on wages and benefits as well as on aircraft
fuel.

Cost Elasticity by Each Year F2013 to 2018
Table 4 summarizes cost elasticity for total operating
expenses, wages and benefits, aircraft fuel, and
aircraft maintenance for each of the six years from
2013 to 2018.

Table 4 shows that the airlines have been engaged in
cost cutting measures since 2013 and have been
successful through improved efficiency measures.
The average cost elasticity for total operating
expenses was 0.63 in 2013. In 2018, the average
cost elasticity for total operating expenses for the
airline industry was 0.54, which means with an
increase in total assets, total operating expenses, on
an average, increased more slowly in 2018 relative
to 2013.

Similarly, cost elasticity for wages and benefits was
0.68 in 2013 and 0.53 in 2018 and it again shows
higher efficiencies in wages and benefits in 2018
relative to 2013.  The cost elasticity for wages and
salaries continues to show a steady decline since
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2013. It seems like airlines continue to find ways to
improve labor productivity.

The cost elasticity measure shows the biggest gains
in aircraft maintenance costs. Average cost elasticity
for  aircraft maintenance was 0.29 in 2013 and
declined to 0.10 for 2018. Elasticity measures for
aircraft maintenance costs also show a steady
decline in maintenance expenses relative to size of
the airline. In 2018, for every one dollar increase in
total assets, aircraft maintenance costs increased by
$0.10 only.

Efficiencies with Respect to Total Revenue
Table 5 summarizes the regression results of the
translog cost function specified in equation 1b in
which size is measured in terms of total revenue.
Table 4 shows four variations of equation 1. In the
first model, natural logarithm of total operating
expenses are the dependent variable. In the second,
third, and fourth model, we use wages and benefits,
aircraft fuel, and aircraft maintenance as the
dependent variables, respectively.

Model 1 in Table 5 shows that increase in total
operating revenue results in higher total operating

costs, because the coefficient on natural logarithm of
total operating revenue is positive and statistically
significant. Model 1 in Table 4 shows that the cost
elasticity of total operating expenses with respect to
total revenue is slightly below 1 at 0.99, but it is
statistically significant.

Cost Elasticity for Each Airline For The Period
2013 to 2018
Table 6 summarizes the average cost elasticity for
each of the nine airlines with size being measured in
terms of total assets for the period 2013 to 2018.

The most efficient airline in terms of keeping the
total operating cost down is Delta Airline with an
average cost elasticity of 0.23. Even on a year by
year basis, Delta’s cost elasticity with respect to
total operating expenses is 0.23. It is closely
followed by American airlines with an average cost
elasticity of 0.25. American airlines has shown a
consistent decline in the cost elasticity since 2013.
United Continental Holdings, Inc. is at number three
in attaining cost efficiencies in total operating
expenses with average cost elasticity at 0.29. United
Continental Holdings, Inc. is also showing consistent
improvement in attaining cost efficiencies since
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2013. The least efficient airline group is Alligiant
Travel Company with an average cost elasticity of
1.04. Alligiant Travel Company showed a cost
elasticity below 1.0 in 2017 only. In all other years,
they show a cost elasticity above 1, which means
that with increase in assets, total operating expenses
increased by more than 1.

When we average cost elasticities with respect to
wages and benefits for each airline, Delta Airlines is
again the most efficient. In fact, Delta is reporting a
negative cost elasticity at -0.02, which means with
increase in size, Delta’s cost in terms of wages and
benefits is slightly declining. American airlines has an
average cost elasticity of 0.02 for wages and
benefits, which means for every one dollar increase
in total assets, wages and benefits increase by $0.02
only. United Continental Holdings, Inc. is number
three with a cost efficiency score of 0.09. The least
efficient airline is Alligiant Travel Company with a
cost elasticity of 1.33, followed closely by Hawaiian
Holdings, Inc. with a cost elasticity of 1.11.

For aircraft fuel cost, Alligiant Travel Company has
the best efficiency score at 0.51 on an average.
American airlines, Delta Airline, United Continental

Holdings, and Southwest Airline have an average
cost elasticity that is above one, which means with
increase in size, their aircraft fuel cost has gone up
more than proportionately.

Table 5 shows that the main source of cost
efficiencies for the airline industry is aircraft
maintenance expenses. For each of the five years in
the sample, United Continental Holdings, American
Airline, Delta Airline, and Southwest Airline have a
negative cost elasticity. Negative cost elasticity
means that with every increase in the size of the
airline fleet, maintenance cost is actually declining.
Alligiant Travel Company is the least efficient with a
cost elasticity of 1.13.

Table 7 summarizes the average cost elasticity for
each of the nine airlines with size being measured in
terms of total operating revenue for the period 2013
to 2018.

When size is measured in terms of total operating
revenue, American airline, Delta Airline, and United
Airline are equally efficient, because cost elasticity
of total operating expenses, on average, is 0.94 for
each of these three airlines. Alaska Air Group, Inc.,
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Jet Blue Airways Corporation, and Southwest
Airlines Company have a cost elasticity of total
operating expenses with respect to total operating
revenue equal to 0.99, 0.99, and 0.96, respectively,
which means that their operating cost is rising less
than proportionately to increase in revenue. On the
other hand, Allegiant Travel Company, SkyWest,
Inc., and Hawaiian Holdings, Inc. have an average
cost elasticity of 1.04, 1.01, and 102, respectively.
For every one dollar increase in total revenue, their
operating cost increased by more than a dollar.

SUMMARY AND CONCLUSIONS

Over the last decade, the U.S. airlines industry has
transformed itself through mergers, restructurings,
bankruptcies, and dissolutions. Also during this time,
airline executives have changed their focus from a
“market share at all costs” mentality to one based
on obtaining and preserving profitability, along with
a focus on improving return on invested capital by
reducing the operating costs. This study evaluated
cost efficiencies of U.S. airlines for the period 2013
to 2018.  We found that the airline industry is
experiencing cost efficiencies with every increase in
the size of the airline, but cost efficiencies are not
evenly distributed. We also found that the main
source of cost efficiency appears to be aircraft
maintenance expenses. This study was completed
before the current tsunami unleased by coronavirus.
The airline industry is perhaps the hardest hit
industry due to coronavirus. It will be interesting to
analyze the impact of this event on the industry in
years to come and how the industry restructures to

get out of the economic downturn that started with
this virus.

Coronavirus (COVID-19) has impacted the airline
industry in the worst possible manner with, at one
point, practically all flights grounded around the
globe.  In the pre-pandemic era, the airline
industry’s profits rose with an increase in their load
factor from 75% in 2005 to close to 85% in recent
years.  In the post-pandemic world, the airline
industry will have to rethink its strategy by
reinventing its business model. The business strategy
of focusing on asset utilization, to cost leadership, to
economies of scale will need to be reevaluated and
rebalanced with market needs in the post pandemic
world.
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