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1 Introduction

The study of industrial market structure has alwbgen one of major topics of interest among
industrial organization economists since Bain ()956 fact, it is well known that by studying
market structure we can draw inferences about tidenlying competitive process. This is not just
of academic interest, but it also bears substargielance for antitrust policy.

A main motivation of this article comes from thesebvation of how little it is known
about competitive forces that have generated theemustructure in the airline industry. Indeed,
most of literature on the economics of competitivair transportatiohtakes industry structure as
given neglecting the underlying causes of it. Hosveuhis is not to ignore the voluminous
literature on empirical models of entry and marketcture in various industrigsincluding
airlines, but one emphasis in our paper is to uac@ompetitive mechanisms that have shaped
market structure. One main competitive mechanisrthéswell known endogenous sunk costs
escalation process which alters consumers’ willgggnto pay and its consequences on market
structure. Another motivating reason relies on fet that many models about the industrial
organization of airline markets, if not most, cafesi competition with homogeneous gobds at
most symmetric product differentiation (e.g. Bet§92). Finally, the U.S. airline industry may
represent an excellent natural experiment for shgdgompetitive forces that have generated
industrial structure because deregulation tookeplacthe early 1978; consequently, any imprint
on current structure should be caused by the cotivegbrocess at work.

The formal analysis consists of three blocks. Kirst section four, we apply the bounds
approach developed by Shaked and Sutton (1987r5(t991) and Vasconcelos (2006). The

underlying hypothesis is that airlines compete dvegtising and expansion of route structure.

! See for example Aguirregabiria and Chun-Yu Ho (®0Borenstein (1989, 2005), Evans and Kesside83)19
Charles and Seabright (2001), Bamberger, Carlt@ahNeumann (2004), Neven, Lars-Hendrik Roller anérang

Zhang (2006), Lederman (2007, 2008).

2 Berry (1992), Berry and Waldfogel (1999), Bresmahad Reiss (1991), Ciliberto and Tamer (2009), 2¢az22002;

2007), Schaumans and Verboven (2008), Seim (20@®anen and Waterson (2005).

% Lederman (2007, 2008) contributions represent ex@mples of analysing product differentiation i tairline

industry. In her empirical analyses of frequeneflprograms (FFPs), she considers a framework mitakproduct

differentiation where value of redeemed awards&wedilers may be substantially different amongiessr
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Nielsen Media research (May 2007) provides an didieg/sales ratid for the UK airline
industry equal to 8.37%. In the light of this theseno reason to expect that in the US the
advertising/sales ratio would be dramatically l#sm the UK figure. Moreover various sporting
event arenas in the US are named after airlinescdst of these ‘naming rights’ is substantial.
Thus, the industry can well be identified as adserg intensive. The other source of endogenous
sunk costs is route structure. Firms may incre@&seathd by increasing number of routes flown
out from end points of each city pair market sexgticThe establishment of a route network
requires endogenous fixed sunk costs (e.g. perbaraieing programs, number of established
check-in points, and number of slots acquired).

A crucial element for the validity of applyingethbounds approach is that endogenous
sunk costs are local markets’ specific. In otherdspthe two identified types of endogenous sunk
costs for the airline industry, advertising andteostructure, should be relevant at route level. If
the endogenous sunk costs pertain exclusively tadna level we will not be able to distinguish
the endogenous sunk costs model from the exogeswanis costs model by estimating lower
bound and upper bound to concentration. One clainthis article is that there are rather
substantial endogenous sunk costs relevant at noartieet level.

Regarding advertising, we can observe that airlestablish a mix of investments in which
some are more oriented at ‘brand’, often in newspaulvertising, while other investments are
route specific, as observable from companies’ webs&iow cost carriers tend to advertise more
specific city pairs. We can assert that at legsbréion of advertising expenditure is held at route
level. Regarding the other type of endogenous sgsts, investments in establishing a set of
destinations out from end points of a city pair elevant at route market level. Overall, we are
confident in claiming that the endogeneity of sgokts is relevant at city pair market level.

We find evidence of a large and positive lower libun concentration, suggesting

competition in endogenous sunk costs. Second,satdb@ur knowledge, this paper is the first to

* Sutton (1991) defines an empirical cut-off poiftlés. Industries with an advertising/sale ratioages than 1% are
classified as advertising intensive, so, as endmg®sunk costs industries.
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provide empirical evidence on the upper bound taceatration theory, developed by
Vasconcelos (2006). In fact, the econometric amalgspports the theoretical predictions for
endogenous sunk costs industries: i) equilibriummopoly outcomes, and ii) maximal level of
concentration which does not decline as marketlsgemes arbitrarily large. Furthermore, using
the full set of firms we provide evidence that thdine industry is a natural oligopoly; each city
pair market is dominated by one to three firm&gpective of market size.

After applying the bounds approach to market stma;twe continue the theme of studying
concentration with the aim to deduce informationtib@ competitive mechanisms at work; but,
this time, we use an approach in the spirit of Babsn and Reiss’'s (1991) work. The
methodology used in sections five and six compldam#re analysis performed in section four by
analysing concentration above the lower bound aldwb the upper bound. A main difference
with the bounds approach is that we use econontetlmiques which provide a fit to the scatter
of data points hence an average relationship betwke variables of interest, rather than
estimating frontiers. Under an economic point @withe analysis performed in those sections,
enriches the bounds approach for means of desgrimnv different market characteristics and
identity of firms affect market share asymmetry, veall as investigating competitive effects
between different types of airlines. Indeed, whitethe bounds approach symmetric firms
equilibria are involved, we attempt to explain fimarket share asymmetry.

To investigate determinants of firm size inequaliiay uncover information on the
underlying competitive process which may remainceahed when looking just at firm numbers
or individual entry decisions. We find evidencetthaarket size is irrelevant; whilst, in large hub
routes and when major airlines are present matk@tesasymmetry increases. In city pairs with
longer distance there is strong evidence of lessqunced size inequality.

Finally, we perform an empirical analysis of conipet interactions between two
different types of airlines we identify, leadersdanon-leaders. Surprisingly, we find strong

evidence that both number and identities of leadimgnes affect positively the number of non-



leaders. After ruling out a number of alternativglanations, the empirical evidence appears to
point to learning; non-leader airlines infer prahktlity of routes by the presence of rival type of
firms.

This article through describing and explaining nearstructure of airline city pair markets
offers a detailed picture of competitive procesaesvork in the industry. All the results are
relevant for antitrust policy.

The rest of the article is organized as followscttda 2 reviews the related literature.
Section 3 describes the data set. Section 4 cati@dounds estimation. Section 5 provides
empirical analysis of market share asymmetry. 8ect studies empirically the nature of
competition between leader airlines and non-leadgestion 7 discusses main results. Finally,

section 8 concludes.

2 Related Literature

This article investigates the nature of competifivecess inferred by analysing market structure
in the U.S. airline industry. A strand of the laarre on industrial market structure refers to
empirical cross-industry studies applying the bauagproach most fully developed by Sutton
(1991, 1998), and based on a series of theorgiggaérs (Shaked and Sutton 1982, 1983, 1987).
Vasconcelos’ (2006) model complements Sutton waorldériving an upper bound to industry
concentration. He develops empirically testablaligteons about the relationship between market
size and market concentration: i) for exogenousk soosts industries the upper bound to
concentration declines monotonically as market smeeases; i) for endogenous sunk costs
industries the upper bound remains invariant to ketarsize and monopoly can occur as
equilibrium outcome in large markets.

The bounds approach is designed for looking faiisstzal regularities and robust results
about the market size-structure relationship; thfese robust results hold for a wide class of

oligopoly models differing in a priori equally reasable model specifications. Structure fragments



as market size becomes large for exogenous surtk aodustries, where price is the main
competitive weapon and/or horizontal product ddfdration is prominent; whereas, in
endogenous sunk costs industries, where qualityspk crucial role and is sustained by
investments in sunk outlays (e.g. advertising, R&Pagmentation cannot occur regardless of
how large the market becomes. The underlying thisntieat endogenous sunk costs expenditure
increases consumers’ willingness to pay. The egglircross industry literature confirms the
theoretical predictions (Sutton 1991, 1998; Lyond Matraves 1996; Robinson and Chang 1996;
Symeonidis 2000; Lyons, Matraves and Moffatt 20Giorgetti 2003; Balasubramanian and
Lieberman 2011).

More recently, the literature in the area of margteticture has focused on applying the
bounds’ methodology to specific industries, suchoabne book sellers (Latcovich and Smith
2001), banking (Dick 2007), and supermarkets (Edlosn 2007). In addition, Berry and Waldfogel
(2010) investigate the empirical relation betweearkat size and product quality where data on
number of products is used in place of market cotnagon, for the restaurant and newspaper
industries. Our paper extends that literature bgs@mnting econometric evidence on the
endogenous sunk costs model for the airline ingustind providing for the first empirical
evidence on the upper bound to concentration (Masdos 2006).

A well acknowledge limitation of the aforementiongpirical articles, is that all what the
econometric evidence is about is solely an estonadif thelower boundto all possible market
structures admissible. Indeed, the theory is ctergiswith multiple equilibria. Our article
complements the literature by investigating marl#tucture above the lower bound to
concentration.

A parallel strand of literature to which this al#igs related, refers to empirical models of
market structure based on specific oligopoly therailored to the industry study in hand.
Bresnahan and Reiss (1991), using ordered probaetpintroduce the novel concept asftry

thresholdswhich relates the equilibrium number of firms tanket size (measured by population);



the estimated entry thresholds tell how much pdmrias needed to support a given number of
firms in a local market. Bresnahan and Reiss estirabso theentry threshold ratiosvhich are
ratios of per-firm market sizes; if this ratio isce one it means that entry increases competition.
They find that the level of competition changescglyi as the number of firms increases, as well
as most of competitive effect of entry is exhaustéth the second or third entrant. Moreover, the
literature has focused morexplicitly on entry by solving the difficult prohie of firm
heterogeneity (Berry (1992) uses a simulated metbbdnoments estimator proposed by
McFadden (1989) and Pakes and Pollard (1989)).rQthetributions extend the Bresnahan and
Reiss’s (1991) framework in allowing different tygpef firms (e.g. Mazzeo (2002) endogenizes
product choice decisions for motels of high and tpvality in Western U.S.; Cohen and Mazzeo
(2007) estimate a cross-section endogenous equiibmumber of firms model for three types of
banks). In addition, Berry and Waldfogel (1999)iraste the social inefficiency caused by free
entry in radio broadcastingther recent applications involve the video remtalustry (Seim
2006), health care professions in Belgium (Shaumand Verboven 2008), supermarkets
(Cleeren, Verboven, Dekimpe, and Gielens 2010) #wedUK burger industry (Toivanen and
Waterson 2005). However, just as the literaturéh@nbounds approach, this empirical literature
about entry and market structure explains the nummbims or firm’s individual entry decisions,
neglecting to account for firm size inequality. Quiticle attempts to fill this gap. Under this éatt
aspect, our article is also modestly related totithe-series literature on size distribufiavhich,
part of it, is centred on the Gibrat's L&¢Gibrat 1931) by which firm’s growth rate follovas
random walk; that is, firm’s growth rate is indedent by its initial size and firms’ size

distribution conforms to skew Yule distribution.

® See the large literature of stochastic modelsrof$ growth; examples are Hart and Prais (1958008 and Bonini
(1958), ljiri and Simon (1964, 1977), Jovanovic §29 Davies and Lyons (1982), Davies and Geross97}, Sutton
(1998).
® For surveys and discussions of the Gibrat's Laae, $or example, Curry and George (1983), Hall {)9®avies
(1988), Geroski and Machin (1992).
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3 Data and variables

Data

Coverage of the Sample

The econometric analysis of this article focusesaorewly assembled dataset about U.S. airline
city pairs. Market shares and concentration data far 2006, collected from the US
Transportation Statistics Bureau (BTS); whilst, dgnaphic variables (population) refer to year
2000 obtained from US census.

Belobaba (2010) reports that US industry profit2@96-2007 are positive after five year
period, 2001-2005, of losses accruing to fortyidmll US dollar; the years 2008-2009 brings
further negative profits.

The dataset contains 661 city pair markets invgh\b8 cities, of which 25 are from the 50
largest U.S. cities; seventeen cities are in thgekt top twenty in term of population. In addition
our dataset covers 66% of the revenue passengsetihgsfor all US large hub airports.

The focus is on domestic routes similarly to thaustrial organization literature on the US

airline industry.

Airports/Cities

The United States Code section at title 49 defiagge hub as “a commercial service airport that
has at least one percent of the passenger boatdihgsthis paper we adhere to such
legal/institutional definition for identifying théarge hub cities (containing at least one hub
airport).

We define as tourist cities as those located inf@ala and Florida plus two tourist snow
and ski resorts, Aspen and Colorado Springs, warehboth located in Colorado. A strategy for
indentifying tourist city pairs could be that ofllecting data on number of hotels in each city and
setting up an arbitrary threshold of them, in orteclassify the routes as either tourist or not. |

contrast, the criterion followed in this article mpler without the need of further data.
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Essentially, it rests on the observation that U.S18 not have art cities as often it occurs in
Europe, but rather tourism is motivated mainly lepaahing seaside resorts which are located
prominently in California and Florida. Therefor@ ithe empirical models it is introduced a
dummy equal to one for all markets with at leastad point city located either in California or
Florida, plus the other two locations, Aspen ando€amlo Springs. The criterion of classifying
tourist airline markets those having at least oné point in either California or Florida is also

used by Berry (1992).

Airlines
The dataset contains 58 airlines. A distinctionduisethe analysis that follows is between leader
airlines and non-leaders in base of number of swerviced within our data set. Table 1
illustrates how the seven leaders service a numbrutes equal to 95% of the number of those
routes operated by the other fifty-one airlineghia dataset. In addition, each leader services on
average 91 city pairs, while each non-leader onagyseoffers only 13 routes.

A motivation for this distinction relies on follomg reasoning. Airlines servicing a wide
route structure may obtain demand and cost advesitag a result, vertical product differentiation
may arise between those firms providing a largevoet of routes and those offering a handful of

routes.

Routes

The 58 cities produce a sample of 66% ¢ 58/29 = 1653) city pair markets with at least one
airline possessing positive market shares. Comsigtevith previous literature about the industrial
organization in the airline industry, we define tieéevant market at route level, and precisely the
city pair markets are non-directional (e.g. Los Aleg — Miami is integrated with Miami — Los
Angeles) since market shares are determined nettainally. We can mention several examples

of contributions where economic investigation fas®n single routes each of them treated as a



separate markét Also, competition authorities normally pursue éstigations considering the
relevant market at route level. In addition, Brusak Lee and Singer (2010) develop a market
definition methodology for the airline industry, muding that the most appropriate market
definition is at route level.

Market size is measured following Berry (1992),ttls it is defined as the product of
population of the two end point cities constituteach city pair. Alternative measures have been
tried, including the sum of populations of the twodpoints, and the population of the less
populated city of the city pair. However, the cleiof the product is felt to be better because
transportation demand is related to the probabdgftgach person dwelling in city 2 is willing to
visit city 1 depends on the number of people thehsndividual knows in city 1. Summing over
such probabilities for all individuals leads to gmeduct of populatioris

Table 2 reports the number of markets for each etarkaracteristic. Table 3 provides
some descriptive facts on structure. We can natewsfacts i) that a large majority (84% with a
share of at least 90% for the two biggest) of mé&lmarkets are dominated by two firms; ii) the
first largest firm is on average eight times big¢fean the second largest; iii) the Herfindahl-
Hirshman index is on average extremely high; andmarket share asymmetry is fairly low on

average because of the large number of monopolies.

Variables

The variables used in the empirical analysis are:
= Hirshman-Herfindahl Index of concentration, HHIhis is used for estimating the lower

bound to concentration and the upper bound to curaten.

" For example, Aguirregabiria and Chun-Yu Ho (20B»3rry (1992), Borenstein (1989), Brander and Zh@r@$0),
Evans, Froeb and Warden (1993), Evans and Kes§l@83) (where actually two different market defimits are
used, at route and airport level), Marin (1995) zktn (2003), Charles and Seabright (2001), Bambe@gelton and
Neumann (2004), Neven, Lars-Hendrik Roller, andrifheg Zhang (2006), Lederman (2007, 2008).
8 Berry (1992, pp. 907 footnote 10).
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= Coefficient of variation of market shares, C¥his represents the ratio of the standard
deviation to the meart,y = o /u. In addition, for each city pair the Herfindahlda@V are

linked by the following formul&
CV =+N-HHI -1

N stands for the number of firms operating in agivoute.

= Market size As explained earlier, market size is definednasproduct of population of the
two end point cities for each city pair. It is eepsed in thousands of billions.

= Distance This picks up costs and is expressed in thousainkiss.

= Tourist dummyA dummy equal to one for all markets with at tease end point city
located either in California or Florida, or if thety pair includes Aspen or Colorado
Springs.

= Two hubsThis is a dummy for routes having large hubsodih lendpoints.

= One hub A dummy for city pair markets containing one eoitp as large hub is
introduced in the empirical models.

= One dummy for each of the seven leader airlinBsese are American, Delta Air,
Southwest, Continental, US, United Air and Northiwes

=  Number of leadersThis identifies how many of the seven leadergatgein each city pair
market.

= Number of non-leader®Number of non leading airlines in each route.

4 Empirical Analysis of Sunk Costs and Market Struture

In this section we document empirical evidence arious predictions of the endogenous sunk

costs model (ESC). The first prediction that we tesabout non-fragmentation by estimating a

° We can derive the formula f@V directly from the Herfindahl-Hirshman indedHI = % + No?. NowNo? can be
2

- IR ing= by u? in-2_ 1y = cy2l =
written as I Eiad e replacing by u* we obtamuzN » SO,HHI =~ + T HHI = CV*~ = HHI =

CV =+NHHI -1.

CcV2+1
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lower bound to concentration. Another one pertainthe upper bound to concentration which is
invariant to market size and monopoly can appeaquilibrium in large markets. Finally, using
the full population of firms, we provide evidendeat the airline industry is a natural oligopoly:
one to three firms have a dominant position in e@aarket regardless of market size.

In this article we estimate the lower bound amel wpper bound using stochastic frontier.
This technique is robust to outliers and allows looncentration disequilibria. We estimate the

following equation:

In(HHI/1 — HHI) = By + B1/In(S) + v; + y; (1)

The dependent variable is the natural logarithntheflogistic transformation of HHR, andf;

are coefficients to be estimated. The odds tramsition ratio for the dependent variables
employed for ensuring that predicted values oftimgi level of concentration are between zero
and one, as well as to prevent heteroscedasti€itg variableS denotes market size. The
reciprocal of natural logarithm of size employed 1 is based on Sutton (1991) and subsequent
authors (e.g. Lyons and Matraves 1996, Ellicksod720This functional form allows asymptotic
HHI as market size tends to infinity to depend sobelyhe intercept term.

The set-up costs measure used by Sutton and s#rgexjithors had the role to provide a
homogenization across different industries. Sinae analysis involves a single industry, it is
reasonable to assume that the costs necessaryptiiniag a single plant of minimum efficient
scale are homogeneous across all city pair marketbe airline industry the set-up costs may be
associated to being operative in an airport cioyrfrwhich an airline services various destinations
at minimum efficient scale. These costs are brodmignogeneous across route markets. As a

result, the stochastic frontier models do not idela measure for set-up costs.

2\We set HHI equal to 0.99 in monopoly routes (whiae HHI assumes value equal to 1) for the estomatif the
upper bound to concentration.
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In the present context, the simple framework casgisa two error structures: a two sided
error term ¢;) with a normal distribution for allowing low conateation disequilibria, that is,
observations are allowed to be below the lower dpamd a one sided erra;J to reflect the
theoretical relevance of the lower bound. Therenatestrong theoretical reasons in choosing one
particular distribution for the one sided erroryaky in the literature the truncated normal, half
normal, standard exponentiaéstimators have been tried for estimating a dveemd, which all
gave similar results in Lyons and Matraves (1996YN(0,02) represents the stochastic
component for the two-sided error term; for the -ermked error term, we assume Half —
Normal (6),u~Truncated — Normal (¢), u~Exponential(A). Following Greene (fifth edition),
the stochastic frontier model given by (1) state it is defined a relationship between market
size and concentration. For any given value of miaskze the observed value of concentration
must be either equal to or greater than the lowend function given by equation (1). The one-
sided error ternu; needs to be positive (nothing can happen belowatver bound in the long-
run). Whereas, the two-sided error tenpsan assume values of both sign and it serve<koup
disequilibria low concentration. Therefore singas a stochastic component which can take either
positive or negative values makes the frontierlsistic. The error termy; is a random variable
which measures the distance from the bound. Thehastic frontier model for the upper bound

follows the same logic.

Lower Bound to Concentration

The data set used in this article has the quitel@@edeature of right censored observations which
refer to monopolies. There are 340 monopolies;ettwsservations need to be excluded for two
reasons. First, the theory underlying the lowerrabto concentration does not predict monopoly
outcomes; as a result, a pattern of data involmnagopolies simply does not fit the theory. One

theoretical explanation of monopoly outcomes, hesfale relationship between market size and

1t is worth noting that there are no theoretieaigons justifying either these three distributionany others.
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maximal level of concentration is provided by theper bound theory (Vasconcelos 2006).
Second, the exclusion is necessary in order to thawgraph of the stochastic fitted lower botind
requiring the majority of observations located abdv The distributions for the one sided error
available for stochastic frontier models imposérietsons such that the estimated lower bound is
dragged upward; for instance, the half normal ilistron requires that much of the observation
mass is close to the mode. The truncated normakapdnential distributions are similar to the
half normal causing the same problem. This exctusiay raise concern of sample selection bias.
However, excluding the upper bound should not leay impact on the minimal level of
concentration, as the stochastic frontier modeds shift down the intercepts and there is almost
no impact on the slope parameter.

Results for the lower bound estimation are shawtables 4, 5 and 6. The three models
produce similar results as they differ solely oaitlassumption on disturbance terms. The fitted
lower bound is presented in Figure 1. The coefficief market size is statistically significant at
10% level and points to a weak negative relatioth wtructure. Robinson and Chiang (1996, p.
392) observe that the negative impact of market sizconcentration in an endogenous sunk costs
industry is evidence of the fact that markets hstegted with a relatively small number of firms;

consequently, as market size increases numbemas fncrease (concentration falls) approaching

the bound limit from below. For each of the thregpioyed distributions the asymptotiHI!3 as
market size tends to infinity is well above zerbisTnon-fragmentation result suggests to rule out
the exogenous sunk costs model while pointing ® émdogenous sunk costs competitive
mechanism.

We also perform lower bound regressions usingratere measures of market structdre
(results are not reported here) which produce &reidtionship between size and structure for

one-firm and four-firm concentration ratios (coei#int of market size is never significant), whilst

2 The three distributions used allow observationsemear the bound; therefore, since just overdfatbservations
assume maximal value the distributions used tdn, tto shift very much upward the estimated loparmd.
Bo
13 ) €
HHI® =

14 - 1+e_60 .
Concentration ratios C1, C2 and C4.

14



a similar lower bound for two-firm concentratiortioa These findings showing that sign and
significance of the slope are not stable for ak timarket structure measures employed are
suggestive that the data pattern appears consistiéint endogenous sunk costs competitive

mechanism.

Upper Bound to Concentration
Vasconcelos’ model (2006) provides two empiricaktgtable predictions for endogenous sunk
costs industries:
1) There is a high maximum level of concentration @mppound) even in large markets
which does not depend on size;
2) Monopoly can occur at equilibrium regardless of keasize.

Figure 2 shows that the maximal level of concemmatgiven by the estimated upper
bound, does not decline as size increases, and palynoan emerge in equilibrium. The upper
bound to concentration is given by an asymptotiafingahl level, HHI* = 0.99 using the
Normal/half-normal model. In fact, in our data se&t have 51% of our sample markets which are
monopoly*® lying indeed on our estimated upper bound. Thigidoal evidence supports
Vasconcelos (2006) predictions about endogenous sts industries.

A model of Bertrand competition with homogeneousdpicts and fixed costs of entry
would produce monopoly equilibrium outcomes. Aseault, the upper bound to concentration
could be explained alternatively by such model eftBand competition for homogenous products,
where vertical product differentiation plays noerol'he Nash equilibrium in the entry stage would
be to enter if and only if no other rival has eaterindeed, if more than one firm enters, then the
usual Bertrand argument would lead to losses dguthle fixed cost of entry. The anticipation of
this will suffice to get market structure equilibm with only one firm charging at unit variable

cost. However, the result found earlier of a puwsitand substantially high lower bound to

15 As monopolies are considered markets with a domiiaaline with at least 99% of market shares.
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concentration as market size increases suggedisateroduct differentiation. As a result, the
maximal level of concentration coinciding with m@uody equilibria regardless of market size

appears to be consistent with the empirical presiadf the upper bound theory.

Natural Oligopoly

Now, our objective is to provide evidence that cee of this industry is best explained by the
natural oligopoly theory developed by Shaked antlo8U1983). The Shaked and Sutton’s early
paper develops a necessary and sufficient condfborthe finiteness propertyThe finiteness
property states that there exists, for an inteofajualities[g, ﬂ], a Nash equilibrium constituted
by an upper bound to the number of single produetisf with positive market shares charging
price above marginal cost. Price competition dridesvn prices such that even the poorest
consumer will not buy low quality products. The daion necessary and sufficient for existence
of the finiteness property relies to the fact tthetre need to be no consumer indifferent between
alternative products; consequently, all consumegrseain ranking the qualities in exactly the same
order.

The finiteness property is more likely to be présém those vertically product
differentiated industries where quality is enhantawugh fixed costs; whereas, variable costs
remain constant or increase very modestly or eeenedise as quality rises.

Table 7 provides information on number of strucsuia terms of firm numbers. We note
that the majority, 93%, of markets have at most foms.

Given the market structure of our sample, firm narstand market share asymmetry can
be shown by a simple geometric device, the oligppahngle (Davies, Olczak and Coles (2011)).
It provides a useful representation of structuealtires of markets in terms of concentration and
asymmetries. Figure 3 depicts the oligopoly trianglith S2 (second largest airline) on the
horizontal axis and S1 (largest airline) on thetigal axis. The concentration in the triangle is

given by the sum of top two firms in each marketS2). Moving toward North-West we find

16



high concentration and extremely pronounced asymsetip to the North-West vertex of the
triangle which identifies monopoly; whilst, movirigpm the North-West vertex toward South-
East along the edge we have markets less asymmairito the South-East vertex which
represents symmetric duopoly. Also, starting frownopoly and moving down toward South we
find markets with lower concentration and greatenmetry up to the South vertex representing a
perfectly symmetric triopoly. The vast majority afline markets of our sample are fitted into the
small triangle delimited by the above describediees. In addition, most of those markets inside
the small triangle show very high concentration atrdng market share asymmetry. Relatively
few markets lie outside our small triangle, showsmaller concentration and smaller size
asymmetry moving down toward South nearer to thiyfive degree line. These city pair
markets appear to have a fairly sizeable fringeddition, all markets with three or fewer airlines
must be inside the small triangle, but the revesseot necessarily true. In other words, some
markets with more than three firms may lie inside $mall triangl¥.

Figures 4-6 depict the triangle for different mdrkeuctures. First, we note that among the
159 duopolies we find, at one extreme, those with dominant firm accounting for the majority
of shares; while at the other extreme, we obsehase duopolies that are, more or less,
symmetric; in between, our sample includes genwne still, rather asymmetric duopolies. The
triopoly triangle, along as a limited number of syatric triopolies, shows many markets with
considerable market share asymmetry. Also, thexdrapolies dominated by one very big firm.
Finally, figure 6 proposes the triangle for the @dyopolies with more than three firms. All
markets inside the triangle are dominated by attrhee firms; thus, having small third and
following firms. In contrast, below the triangle vemvisage 30 markets with more than two
leading airlines; these are mainly triopolies aew fjluadropolies.

We can derive the following stylized facts:
FACT 1 from table 7 we learn that just above half of @servations consist of monopoly

routes.

'® Davies, Olczak and Coles (2011) develop and cheniae fully the oligopoly triangle and its propes.
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EACT 2 from the oligopoly triangles we infer considebilm size inequality.

FACT 3 table 7 also suggests that duopolies accountabmut one-quarter, and triopolies
represent a further 12% of the sample (eighty-tveokets).

FACT 4 table 7 finally says that markets with more thamr firms represent a rather negligible
portion of our sample, approximately 6%.

FACT 5: of the 159 duopolies, 88 have the largest firwith over three-quarter of market shares,
that is,s1 > 0.75; then 33 are characterized by < s1 < 0.75; whilst, for the remaining 38
duopolies we havel < 0.6, constituting fairly symmetric duopolies.

EACT 6 80% of the triopolies (66 markets) have a quitg third firm with a market shares up to
20%; for the remaining triopolies, 16 city pairbetthird airline has market shares sandwiched
between 32% and 20%.

EACT 7. from tables 8-13, we can observe that among then8rkets with four or more firms
solely two (those highlighted in bold) have thatfitwo largest firms possessing a combined share
lower than 50%.

These facts lead to two obvious observations, s} pver half of our sample markets
consists of monopolies; ii) we have considerahim fsize inequality within oligopolies; and one
more analytical result: inspecting tables 8-13egivigures 3-6 and using facts 5-7, we deduce
that the number of dominant airlines, those takipghe majority of market shares, is between 1

and 3 regardless of market size. This evidenceesigghat the industry is a natural oligopoly.

5 Market Share Asymmetry: Empirical Results

In the previous section we applied the bounds ambréo market structure, providing evidence on
various predictions of the ESC model. Here we coithe theme of studying concentration,
again with the aim to deduce information on the petitive mechanisms at work; but, this time,

we use an approach in the spirit of Bresnahan asglsR (1991) work. The methodology of this

" We denote witls; the market shares of firm i-th.
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section and the next one complements the analysiformed in section four by analysing
concentration above the lower bound and below gpeubound.

In particular, the considerable asymmetry foundhinitoligopolies deserves formal
analysis. Our dependent variable is the coefficiehtvariation of market shares, taking into
account the full set of firms in our dataset.

Clearly, monopoly city pairs produce a coefficieritvariation equal to zero. Given the
large fraction of monopolies in our sample (juse®0%), the distribution of our dependent
variable appears to be censored; as a result,llg fra the need to apply Tobit estimation.
However, the Tobit method is not valid under asstuiong of non-normality; it produces, in fact,
not consistent estimates when distribution of datathe dependent variable is not normal. We
apply the Shapiro-Wilk test for normality (Shapand Wilk 1965) which suggests rejecting the
null hypothesis of normal distribution; consequgnite cannot apply Tobit technique.

An econometric estimator which is consistent angmggotic normal is the censored least
absolute deviations estimator (CLAD) (Powell 198Egsentially, the method generalizes the
guantile regression (least absolute deviations, ) A&ID censored data. In addition, CLAD proves
robust to heteroscedasticity; indeed, the staneiaals are estimated by bootstrap techniques.

Results are reported in table 14. Route marketb lsihger distance appear to be more
symmetric with significance at 1% level, wheredss targe hub dummies have evidence of
positive coefficients, thus of larger market shasgmmetry. Market size and the tourist dummy
bring evidence of bearing no effect. The distanagable proxies costs, essentially due to fuel,
which are the same for all airlines within a marlketd it attenuates size inequality; as a
consequence, routes with longer distance indiatesqual increase of costs for all the firms, then
bringing down market share asymmetry.

To interpret meaningfully the estimates, we needeter on what economic theory says
about the link between market share asymmetry aadugt market competition. For the three

dummies,Tourist, Two-hubandOne-hub more than one effect may be at work. First, thressy
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be a size effect; tourist and large hub markets haaae real size which could not be represented
by just the product of populations of end pointesit therefore these dummies control for possible
bias of our market size measure. In addition, es¢hmarkets the nature of competition may
differ. In particular, tourist markets may be cltaeaized by tougher price competition since

demand may be more elastic, making price undenguttiore profitable. In large hub markets the

nature of competition may lead a priori to eithierder or softer competition. Previous literature

tend to suggest that competition may well be lichite hub city pairs (Borenstein and Rose 2008
provides a good review); however, there may bectise that dominant firms running the hub

need to compete fiercely in order to maintain aadsolidate their leadership (e.g. Etro 2006).

Consequently, the expected coefficient’ sign fogéahub markets is indeterminate.

City pairs with greater traffic flow, large hub tes identified by the two dummies two-
hub and one-hub, show evidence of more pronouncadkan share asymmetry. Intuition and
theoretical literature suggest that higher firmesizequalities may signal tougher product-market
competition. Suppose a vertical differentiated picdd oligopoly in the sense of Shaked and
Sutton (1982). If firms compete a’ la Bertrand, tgher quality firm will get most of the market;
whereas, in case of Cournot competition, the highedity firm will obtain bigger market shares
but not as much as in the Bertrand case. Suppaesihgsive conduct, we do not know exactly but
generally the firms might split the market fiftytfi. Also, the theoretical literature on collusion
and, empirical evidence on cartels seem to pointtioat coordinated strategies are harder to
sustain when firms are less symmetric in terms afket shares.

The set of dummies for identities of leaders halVstatistically significant coefficients but
that of Southwest, and positive in sign. Therefave, have evidence of greater market share
asymmetry when one leader is present. The stroeffest on size inequality appears to be that of
US Airways, which has the biggest coefficient. Baling the argument, as set above, of

interpreting bigger size inequalities as signahafre intense product market competition, we can
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infer that each leader, surprisingly except the-mst airline Southwest, contributes to intensify

product market competition.

6 Competitive Effects between Leaders and non-Leadairlines

This section asks the question: what is the conmpetieffect, hence nature of competition,
between leaders and non-leader airlines? We asthanérms enter sequentially, where the most
profitable move first. We argue that the leaderayitg a wide route structure, are more
profitablé® hence enter first. Consequently, non-leaders atgisions are taken when already
one or more leaders are in the market. We empldgred probit models using as dependent
variables the number of non-leading airlines obseémn city pair markets; among the covariates
we include the number of the leaders. We also obfdr a vector of market characteristics, the
same used in the previous section.

Table 15 shows results about the impact of numbkradling airlines on non-leaders. The
empirical analysis is restricted to those city paarkets with at least one leader. Market size and
large one-hub bring evidence of being not significaDistance appears to have a highly
significant negative relationship with number ohrAeaders. There is evidence that in tourist and
in large two-hub markets the number of non-leadergreater. Our variable of greatest interest
here is the number of leaders. We note strong eealéhat as the number of leaders increases so
the number of non-leaders does.

The positive relationship we have found bears thestion whether using identities of
leaders confirms the results; in addition, we cgpul@e whether specific leaders affect differently
the number of non-leaders. In other words, the desadnay offer different quality among
themselves, therefore there may be difference®uical product differentiation among the group
of leading airlines (e.g. some may engage in greavestments in advertising and for expanding

route structure). The analysis continues to beicgstl to those city pairs with at least one leader

18 Borenstein and Rose (2008) reviews a literaturiglwargues in part that running a hub and spokevarét bears
demand and costs advantages. See also Levine)(1987
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Table 16 reports the impact of the identities & kkaders; it shows that only the airlines
American, Delta and US Airways have evidence ofigtteally significant coefficients. The
evidence of a positive coefficient suggests that tamber of non-leaders is bigger in routes
where these three leaders operate.

To explore leader heterogeneity, we compare resthitsvn in table 16 with a series of
regressions reporting each leader in turn. Eachnapitakes the value of one when the leader, say
American, is present and of zero when one or mbtheoother six leaders are present. The logic
is to ascertain if and at what extent the leadimighas differ among themselves in affecting the
number of non-leaders. We report results of onbséhtwo regressions regarding American and
US Airways that have statistically significant cioaénts. Tables 17-18 report results which
broadly confirm those of table 16, except of thé significant coefficient for Delta. To conclude,
the two leaders, American and US Airways, appedratce an additional effect on the number of
non-leaders compared to the other leading airlines.

The results documented in tables 15-18 are, sontewloh explainable by traditional
theories of entry. In fact, what we would expecaisegative effect of the number of leaders and
their identities upon the number of non-leaderss Thbecause a firm choosing to enter in either a
monopolistic market or into one in which it facesmpetition, all else equal, will choose the
former. Entry deterrence would exacerbate thisiptied. In particular, with sequential entry the
first mover can prevent entry by product prolifevat(e.g. Schmalensee 1978, Bonanno 1987,
Hay 1976). In contrast, theories of learning (gum, Li and Usher 2000; Caplin and Leahy
1998) provide a theoretical rationale for firmsrteag size and profitability of markets for means
of observing rivals’ decisions of entry and opematiln particular, Caplin and Leahy propose a
formal model to capturing an information externalithis externality refers to the fact that firms
assess demand and profitability of a market thraugiting and observing for success (or failure)
of rivals entering that market. Therefore, preseoicthe leaders in airline city pair markets may

signal good profitability, thus, encouraging ertgysmall non-leader airlines.
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Clearly, our analysis being in cross section doest really pick up dynamics, hence
learning effects. However, the evidence seems stamiwith the possibility of a learning process

which would reflect the snapshot we observe.

Robustness checksWe re-estimate our ordered probit models insgrire market characteristic
variables also in non-linear way (square and nhtlo@ under the reasoning that possible
nonlinearities may bias the coefficients of the ke&istructure variables. In addition, we exclude
the market characteristic with insignificant coefnts. Finally, we try different econometric
techniques, OLS and Poisson model. The resultsiofarket structure variables, documented in

tables 19-24, are nearly the same as those inaeibe specifications.

Alternative Hypotheses

The results of section 6 appear to be consistetiit @ridence of learning. Non-Leader airlines
infer size and profitability of routes from presemaf leader airlines; in particular, American and
US Airways appear to perpetrate an additional paseffect on the number of non-leaders. Now,

we discuss potential alternative explanations éseHfindings.

A) Mature Industry

Our reading and interpretation of the results «f fection may be subjected to criticism. Size and
profitability of airline city pair markets shoulcebwell known as full deregulation took place in
late seventies; therefore, the learning argumeatiimcontext may be flawed. However, the airline
industry is subjected to extremely high demand tidlaand uncertainty (e.g. Borenstein and
Rose 2008); consequently, this high degree of taiogéy may warrant learning behaviour even in

this mature industry.
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B) Crowd Externality

The same phenomenon may be explained by a theocyowfd externality, Rauch (1993). The
author formalizes the idea that later entrants fiefi®m a crowd made by two or more
incumbents; the intuition is that there may be tpasispillovers among firms. However, it is
unlikely to get a story consistent with the crowdeenality involving positive spillovers among
airlines operating on a route. Actually, we may Iveditain a negative crowd externality because

of delays and congestion costs which can reduceadém

C) Competition head-to-head

Consider that in section four we provide evideriea firlines engage in endogenous sunk costs
escalation in advertising and in expanding routecstire. A direct implication of the endogenous
sunk costs model is that firms compete head-to-hBaid is because, any firm vis-a-vis rivals can
carve out a fraction of consumers by increasing dixed outlays. Consequently, our results of
positive effects of the number of leaders on n@uées may be explained by competition head-to-
head. However, this interpretation is not valid ttee non-leaders. Each airline of this group has a
fairly tiny route structure; as a result, they dut escalate investments in expanding network of
routes from end points of the city pairs. Also atigeng expenditure may be lower than that of
leaders. The non-leaders then are not involvedmpetition head-to-head as they may operate at
the lower end of the quality spectrum. In contrgsten the evidence of data patterns it appears
more plausible the interpretation that non-leadeier market profitability by observing leaders’

behaviour, as rationalized by the theories of learn

D) Strategic Complementarities
Non-leader and leader airlines offer air transpervice between end points of city pairs; such
competitive environment is characterized by stiategybstitutability. However, this type of

service can involve strategic complementarity wiemme non-leaders are regional airlines
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operating routes on behalf or in partnership witme national leaders. This is, indeed, the case in
our dataset; there are 16 non-leaders that arer@gairlines with business links with some of the
leaders. In order to account for this strategic glement activity, in the econometric analysis of
this section we have excluded the regional carmetis links with the leaders, re-computing the
variable number of non-leaders. Consequentlyhallrésults reported in tables 15-24 are robust to

the strategic complementarity effect.

7 Discussion

Results of this article paint a picture about tmelarlying competitive process at work in the
airline industry. These results also help identifythose competition models that are and those
which are not appropriate as candidate explanatbmsarket structure and firms’ conduct about
the airline industry.

Models of competition with homogenous products exdgenous fixed sunk costs (Sutton
1991) are excluded in explaining the industrial amigation of the airline industry, since
fragmentation must occur. A fragmentation resulprisdicted also for horizontally differentiated
industries with single-product firms and simultang@ntry (Shaked and Sutton 1990), contrasting
therefore our finding. Models with either compeitition a line, Hotelling (1929), D’Aspremont,
Gabszewicz and Thisse (1979), or on a circle, SEl6@9) are not appropriate for two reasons: i)
the airline industry is multi-product and more imjaatly ii) because a larger market size leaves
room for a greater number of firms to enter in tharket, and therefore concentration would be
low, which here clearly it is not.

The finding of a lower bound to concentration nohwerging to zero when market size
grows is inconsistent even with competition modedsvertical differentiated products where
guality investments are sustained by an escalafieariable costs, which gives rise to an increase
of marginal costs. That context is identified, éxample, by the restaurant industry. Indeed, Berry

and Waldfogel (2010) finds that this industry fragits as market size grows and restaurant firms

25



provide distinct products in terms of quality. Glga serving better food (so higher quality)
implies investments in variable costs.

The empirical findings of non-fragmentation and séemce of an upper bound to
concentration invariant to market size are suggesif evidence that structure and behaviour of
our industry is best explained by a model of endogs sunk costs (Sutton 1991; Vasconcelos
2006), and by the early vertical product differantin literature (Gabszewicz and Thisse 1979,
1980; Shaked and Sutton 1982, 1983). This strandvesfical differentiation literature is
characterized by the idea that quality is improtle@dugh fixed sunk outlays, and variable costs
either remain constant or increase modesthe(increase of unit variable cost is strictly l¢lsan
the marginal valuation of the richest consume8haked and Sutton 1987, p. 136). High
concentration is also proved in a theoretical franr& combining vertical and horizontal product
differentiation (Shaked and Sutton 1987), whiclcamsistent with our results of concentrated
equilibria.

In addition to the endogenous sunk costs model, fim@ing of maximal level of
concentration constant at any size is supporte@ lzjass of models encompassing horizontal
product differentiation: i) theoretical models otitiproduct firms entering sequentially, therefore
filling all profitable niches by product proliferah (Schmalensee 1978); ii) of monopolist’s
location choice (Bonanno 1987); iii) explanatiorfsl@cal monopolies (Prescott and Visscher
1977, Eaton and Lipsey 1979 and Reynolds 1987).

One of endogenous sunk costs sources in our ingustrte structure, may be interpreted
as investments in extra capacity with the goaletedentry. In fact, airlines increasing the number
of routes serviced from endpoints of a city pag potentially prepared to supply bigger output
(more routes may imply more flights hence more @ager miles travelled). Therefore, our results
of high concentration are also consistent withdlass of models involving capacity investment
decisions to deter entry (Spence 1977, 1979; Diev9, 1980; Bulow, Geanakopolos and

Klemperer 1985).
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Along as the results of non-fragmentation and mohogt any size, we find evidence of a
further prediction of the endogenous sunk costseahathtural oligopoly. Indeed, we find that
dominant firms are between one and three in eackahaegardless of market size. This result
further suggests evidence consistent with vertigedduct differentiation where quality is
improved with escalation of sunk costs. The findind non-fragmentation and natural oligopoly
are obtained also by Ellickson (2007) for the W&permarket industry.

The result of greater firm size inequality in largeb city pair markets merits further
discussion and clarification. Clearly, market shasgmmetry may be the result of several factors
such as, capacity differences, cost heterogeneiifferences in quality (vertical product
differentiation). Our econometric model for sizeqguality cannot tell which of these factors have
determined the asymmetry, since data on capaastscor quality measures is hardly available.
However, the results on firm size inequality seenfethd support to the hypothesis that product-
market competition is tougher in large hub marlkeetd in markets with airlines having a wide
route structure (leaders). As a consequence, tidermse on asymmetries suggests that the nature
of competition changes in large hub routes as agilh presence of leaders.

We have found in the previous section empiricatlence that, markets with a bigger
number of leaders as well as those with presencknadrican, Delta and US show a positive
relation with number of non-leaders. These patterrtbe data suggest that markets with leaders
receive more entry from non-leader airlines. Theppsed interpretation, as discussed in the
previous section, is that of learning. Toivanen ®Wwaterson (2005) provide empirical evidence of

learning for the UK counter service burger industry

8 Conclusion

In this article we present empirical evidence om ftheterminants and competitive forces
generating equilibrium market structure in the WaBline industry. Using a novel data set for a

large cross-section sample of airline city pair kets, we find evidence that the ESC model

27



applies to the air transportation, where airlin@s enhance consumers’ willingness to pay through
advertising and expansion of route structure fromd points of the city pairs; consequently, we

obtain evidence of non-fragmentation and monopeinefor many large routes. Second, using

our full set of firms we find that irrespective ofarket size the number of dominant firms is

between one and three, suggesting that the steucfuur industry mirrors a natural oligopoly.

The next step in the analysis has been to modelrigadfy market share asymmetry to
deduce the nature of competition beyond the boapgsoach. Main results refer to greater size
inequality for large hub routes as well as for titeas of leaders, apart from Southwest, which
appears consistent with tougher product market etitign for these city pairs.

We then empirically analyse competitive interactiobetween two types of airlines,
leaders and non-leaders. The main finding is ewdeamnsistent with learning; non-leaders tend
to infer profitability of markets from leaders. particular, the leaders American, Delta, and US
Airways seem to have an additional effect in sifynglmarket profitability to non-leader airlines.

The results of this article paint a rather detaipetrait of the underlying competitive
process at work. To understand competition is eagimportance for antitrust authorities, as well
as for firms that need to comprehend the competigmvironment in order to better interact
strategically with rivals. In addition, we feel thaur article contributes to the debate (Borenstein
and Rose 2008) of how competition works in thararindustry, after more than three decades of

deregulation.
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Appendix A: Figures

Figure 1 — Lower Bound
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Figure 2 — Upper Bound
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Figure 3 — Oligopoly Triangle

Forty-five degree line
varf2 varr4

40



Figure 4 — Duopoly Triangle

CI:! -
w
=+
C‘\! -
=
0 2 4 B 8 1
* 31 Forty-five degree line
varf2 varf4

Figure 5 — Triopoly Triangle
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Figure 6 — Oligopoly Triangle for more than 3 firms
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Table 1 — Number of Routes serviced by

leaders and non-leaders

Appendix B: Tables

# Routes

Non-Leaders

American 136
Delta Air 113
Southwest 107
Continental 77
us 69
United Air 68
Northwest 65
Leaders

666

635

Table 2 — Number of markets

across route characteristics

#markets

Tourist
Two-Hub

One-Hub
No-Hub

297
115

370
176

Table 3 — Market shares and Concentration

Market # Markets Mean Std. Dev. Min Max
shares

(s1=first

largest, s2=

second

largest)

sl 661 0.840618 0.2135116 0.2077 1

s2 661 0.1162487 0.153907 0 0.499163
s1+s2 661 0.9568667 0.0969595 0.3859946 1
sl+s2> 0.9 557 0.9937052 0.0176541 0.90103 1
sl+s2> 0.7 635 0.9711814 0.0657388 0.7019867 1

HHI 661 0.7929685 0.2497254 0.1476615 1

C 661 0.3264376 0.4238894 0 1.92854
N 661 1.974281 1.387478 1 9
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Table 4 — Lower Bound

Normal/Half normal

HHI Coef.

Bo -2.1047**
(0.67814)

B, 32.7283*
(17.79888)

HHI® = 0.11

Sample: 321

*Significance at 10%; **Significance at 5%

Table 5 — Lower Bound

Normal/Truncated normal

HHI Coef.
Bo -1.810577**
(0.6463253)
B, 30.21918*
(16.89784)
HHI® = 0.14
Sample: 321

*Significance at 10%; **Significance at 5%.

Table 6 — Lower Bound

Normal/Exponential

HHI Coef.

Bo -1.74809%*
(0.6360658)

B, 29.67604*
(16.72311)

HHI® = 0.15

Sample: 321

*Significance at 10%; **Significance at 5%.
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Table 7 — Number of airlines across routes

Relevant N #Markets  Percent Cum.
1 340 51.44 51.44
2 159 24.05 75.49
3 82 12.41 87.9
4 37 5.6 93.49
5 20 3.03 96.52
6 15 2.27 98.79
7 0.45 99.24
8 0.45 99.7
9 0.3 100

Total 661 100




Table 8 — C2 for quadriopoly

S1+S52 Freq. Percent Cum.
0.67 1 2.7 2.7
0.6706311 1 2.7 541
0.6760563 1 2.7 8.11
0.6882907 1 2.7 10.81
0.6925859 1 2.7 13.51
0.7176471 1 2.7 16.22
0.7217183 1 2.7 18.92
0.73 1 2.7 21.62
0.7330416 1 2.7 24.32
0.7353135 1 2.7 27.03
0.7675993 1 2.7 29.73
0.7928994 1 2.7 32.43
0.8048381 1 2.7 35.14
0.823631 1 2.7 37.84
0.8398286 1 2.7 40.54
0.8444818 1 2.7 43.24
0.8497621 1 2.7 45.95
0.8547 1 2.7 48.65
0.8599591 1 2.7 51.35
0.8604002 1 2.7 54.05
0.8644846 1 2.7 56.76
0.8716518 1 2.7 59.46
0.8734696 1 2.7 62.16
0.8953593 1 2.7 64.86
0.9091731 1 2.7 67.57
0.9124482 1 2.7 70.27
0.9142221 1 2.7 72.97
0.9260471 1 2.7 75.68
0.9287896 1 2.7 78.38
0.9346456 1 2.7 81.08
0.9410416 1 2.7 83.78
0.9413638 1 2.7 86.49
0.9455377 1 2.7 89.19
0.9493834 1 2.7 91.89
0.9510371 1 2.7 94.59
0.9584435 1 2.7 97.3
0.9774776 1 2.7 100
Total 37 100
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Table 9 — C2 for markets with 5 firms

S1+S2 Freq. Percent Cum.
0.526767 1 5 5
0.565733 1 5 10
0.614144 1 5 15
0.619048 1 5 20
0.630865 1 5 25
0.636254 1 5 30
0.706139 1 5 35
0.717337 1 5 40
0.74028 1 5 45
0.773257 1 5 50
0.789488 1 5 55
0.80893 1 5 60
0.856253 1 5 65
0.858387 1 5 70
0.877023 1 5 75
0.89297 1 5 80
0.90103 1 5 85
0.916791 1 5 90
0.934777 1 5 95
0.947759 1 5 100
Total 20 100

Table 10 — C2 for markets with 6 firms

S1+S2 Freq. Percent  Cum.
0.523659 1 6.67 6.67
0.525892 1 6.67 13.33
0.563972 1 6.67 20
0.583433 1 6.67 26.67
0.620885 1 6.67 33.33
0.672443 1 6.67 40
0.703954 1 6.67 46.67
0.705991 1 6.67 53.33
0.751539 1 6.67 60
0.759834 1 6.67 66.67
0.775167 1 6.67 73.33
0.794185 1 6.67 80
0.821202 1 6.67 86.67
0.85157 1 6.67 93.33
0.87558 1 6.67 100

Total 15 100




Table 11 — C2 for 7 firm markets

S1+S2 Freq. Percent  Cum.
0.462521 1 33.33 33.33
0.630976 1 33.33 66.67
0.665541 1 33.33 100
Total 3 100

Table 12 — C2 for 8 firm markets

S1+S2 Freq. Percent  Cum.
0.525007 1 33.33 33.33
0.580445 1 33.33 66.67
0.815789 1 33.33 100
Total 3 100.00

Table 13 — C2 for 9 firm markets

S1+S2 Freq. Percent Cum.
0.385995 1 50 50
0.784611 1 50 100
Total 2 100
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Table 14 — Determinants of market shares asymmetse

Coefficient of

Variation
Constant -0.1765715
(0.1323676)
Market Size 0.013
(0.021)
Distance -0.1986***
(0.0546)
Tourist -0.0239974
(0.0895248)
Two-hubs 0.4288935***
(0.1395093)
One-hub 0.3297011***
(0.1248148)
American 0.2338126***
(0.0890493)
Delta 0.3775103***
(0.1003277)
Southwest 0.1176987
(0.0879158)
Continental 0.4419512***
(0.0980118)
uUs 0.5518142***
(0.1016592)
United Air 0.3210188***
(0.1230732)
Northwest 0.4122597***

(0.1074958)

Initial sample: 661
Final sample: 340
PseudR? = 0.1663

***Significance at 1%.
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Table 15 — (Ordered Probit) Effect of number of leders

N of non-Leaders

Market Size 0.00209
(0.0156)
Distance -0.2387***
(0.0661)
Tourist 0.2583107**
(0.1242839)
Two-hubs 0.3204127*
(0.1775257)
One-hub -0.0599889
(0.1374644)
Number of Leaders 0.2465069***
(0.053178)

Observations: 553
Pseudd?? =0.0695

Log likelihood = -
427.64902

*Significance at 10%**Significance at 5%; ***Signdifance at 1%.
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Table 16 — (Ordered Probit) Impact of identities ofleaders

Number of non-leaders Coef.
Market Size 0.00295
(0.0159)
Distance -0.3322%**
(0.0000656)
Tourist 0.107342
(0.1276621)
Two-hubs 0.2876692
(0.1825354)
One-hub -0.0467439
(0.1376572)
American 0.4487804***
(0.1302445)
Delta Air 0.354708**
(0.1450246)
Southwest 0.1626526
(0.1444892)
Continental 0.0089991
(0.1608843)
US Airways 0.5264637***
(0.1615175)
United Air 0.2527862
(0.1768162)
Northwest -0.0840234

Observations: 553
Pseudo R? = 0.0738
Log likelihood = -
425.66592

(0.1904133)

**Significance at 5%; ***Significance at 1%.
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Table 17 — (Ordered Probit) Impact of American

Number of non-leaders Coef.
Market Size 0.0106
(0.0154)
Distance -0.3391***
(0.064)
Tourist 0.1791114
(0.1227938)
Two-hub 0.4965166**
(0.1712169)
One-hub 0.0228884
(0.1356346)
American 0.3406955***

(0.1244861)
Observations: 553
Pseudd?? = 0.0543

Log likelihood = -
434.63653

**Significance at 5%; ***Significance at 1%.

Table 18 — (Ordered Probit) Impact of US

Number of non-leaders Coef.
Market Size 0.0171
(0.0152)
Distance -0.3134***
(0.0636)
Tourist 0.1948426
(0.1227109)
Two-hub 0.4417075**
(0.1745801)
One-hub -0.0024324
(0.136049)
uUs 0.4211017***

(0.1552741)
Observations: 553
PseuddR? = 0.0541

Log likelihood = -
434.72525

**Significance at 5%; ***Significance at 1%.
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In tables 19-20 below, we run ordered probit moeéeltering market characteristics in non-linear

way.
Table 19
N of non-Leaders Coef.
Market Size 0.03
(0.0434)
Distance 0.9551*
(0.5184)
Market Size”"2 -0.000872
(0.000965)
Distance”2 -0.207**
(0.0893)
Ln Market Size 0.012581
(0.04599)
Ln Distance -0.5426072**
(0.2570523)
Tourist 0.2347647*
(0.1258934)
Two-hubs 0.2546031
(0.1876702)
One-hub -0.1023227
(0.1415357)
N of Leaders 0.2609745***
(0.0542042)

Observations: 553
Log Likelihood= -
423.81996
PseuddR? = 0.0779

*Significance at 10%**Significance at 5%; ***Signifance at 1%.
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Table 20

N of non-Leaders Coef.
Market Size 0.0389
(0.044)
Distance 0.5584
(0.5295)
Market Size"2 -0.00114
(0.000986)
Distance”2 -0.149
(0.0907)
Ln Market Size 0.0274916
(0.0464926)
Ln Distance -0.44106*
(0.2639054)
Tourist 0.0948916
(0.1288717)
Two-hubs 0.1690407
(0.1968855)
One-hub -0.1056366
(0.1424671)
American 0.4050736***
(0.1327254)
Delta 0.3891683***
(0.1476492)
Southwest 0.1333126
(0.1466274)
Continental 0.0380359
(0.1631367)
US Airways 0.5942807***
(0.164757)
United Air 0.2698922
(0.1797797)
Northwest -0.0640271
(0.1913023)

Observations: 553
Log Likelihood= -
422.36773
Pseudd®? = 0.0810

*Significance at 10%; ***Significance at 1%.

In tables 21-22 we estimate ordered probit modetgopming market characteristics with not

significant coefficients.
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Table 21

N of non-Leaders Coef.

Distance 0.9896*
(0.5139)

Distance/2 -0.212**
(0.0887)

Ln Distance -0.5516107**
(0.2559089)

Tourist 0.2246996*
(0.1249157)

Two-hubs 0.3822926***
(0.1387359)

N of Leaders 0.255265***
(0.0520977)

Observations: 553
Log Likelihood=-
424.7712

Pseudo R? = 0.076

*Significance at 10%; **Significance at 5%; ***Sigfitance at 1%.
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Table 22

N of non-Leaders Coef.
Distance 0.6048
(0.5162)
Distance”2 -0.147*
(0.0889)
Ln Distance -0.4475788*
(0.2600395)
American 0.478701***
(0.1269104)
Delta 0.4320289***
(0.1406597)
Southwest 0.1859452
(0.1427617)
Continental 0.0565525
(0.1599735)
US Airways 0.6405332***
(0.1557562)
United Air 0.3183849*
(0.1725709)
Northwest -0.0208678
(0.1852906)

Observations: 553

Log Likelihood= -
427.12532

Pseud®k? = 0.0707

*Significance at 10%; ***Significance at 1%.
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In the following tables we report results using Ob8d Poisson models for the baseline

specification.

Table 23 — OLS

N of non-Leaders

Coef.

Constant

Market Size

Distance

Tourist

Two-hubs

One-hub

Number of Leaders

Observations: 553
R? = 0.66277

0.2340543***
(0.0890672)
-0.0019

(0.00912)
-0.1087***

(0.0324)

0.1460501**
(0.0648891)

0.1756035*
(0.0958921)

-0.0546444
(0.0707572)

0.1563044***
(0.0297565)

*Significance at 10%; ** Significance at 5%; ***Siificance at 1%.
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Table 24 — Poisson model

N of non-Leaders Coef.
Constant -1.179836%***
(0.215922)
Market Size -0.00772
(0.0142)
Distance -0.314%%**
(0.0853)
Tourist 0.3760456**
(0.1523001)
Two-hubs 0.3955389*
(0.2047932)
One-hub -0.1149848
(0.1750198)
Number of Leaders 0.2600377***
(0.0553179)

Observations: 553
Pseudd®? = 0.0719

*Significance at 10%; ** Significance at 5%; ***Sijficance at 1%.
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