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Price Competition of Airports and Airline Network

TERAJI, Yusuke and MORIMOTO, Yu

Abstract:

This paper deals with the price competition of @iy, and its effect on the airline (carrier)
network. We construct the model which has followiegtures: i) the carrier can choose its
network configuration, point-to-point or hub-spokgairport operators compete in airport
charge by taking into account the carrier’s choBg.using this model, we address the
guestion how the airport competition affects theieds network choice. It is shown that
the price competition distorts the carrier’s netwohoice in following two manners: i) it
disturbs the carrier to choose hub-spoke netwastead of point-to-point; ii) it makes the

carrier chose an airport at a relatively small esythe hub of network.

Keywords: Airport Competition, Network Choice, H@poke, Point-to-Point

1. Introduction

After deregulations of airline markets in the Udit8tates and Europe, carriers can
freely choose their network configuration. Most rahjor network carriers in these
regions have adopted the hub-spoke network instdathe point-to-point. When
choosing the hub-spoke network, it is importantdararrier to decide which airport to
be its hub. In case of Singapore, for example,rsgwearriers such as Singapore Airlines
and British Airways utilize Singapore Changi Airpas their hub$. Their choices are
due to the locational advantages of Singapore. Nanieis centrally located in

Southeast Asia, and between Europe and Australidhérmore, there exist significant

! Until the end of March, 2013, Qantas also usesiahport as its international hub. However, it
switched its hub to Dubai in the UAE in April, 2013
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demands for air trip service between Europe and&piore and for the one between
Australia and Singapore as well as between EuropeAaustralia. Therefore, carriers
can enjoy the traffic density economies when chap§ihangi as their hubs.

In some cases, carriers choose airports at relatismall cities as their hub.
Furthermore, it seems that the locational advastafiéhese airports are insignificant or
ambiguous compared to their neighboring airports.dxample, in West Coast, United
Airlines utilizes San Francisco International Airpas its hub for Far East and Delta
Airlines chooses Seattle even though these twescitre smaller than Los Angefes.
This might be explained by the difference in thepa@it charge; namely, per passenger
basis, airport charge at Los Angeles is about taghigh as those at San Francisco and
Seattle’> From the other viewpoint, this can be interpreteat airports at small cities
discount their airport charges in order to attastiers to choose them as the hub.

It is also often observed that airports in a regtompete in price. For example, in
2012, two airports in Japan, Narita and Kansaighgigcounted the airport charge for
international flights. This is because these atgpare located further away from Tokyo

than Tokyo International Airport (Haneda) is. Sintteey have smaller hinterland

2 At San Francisco, United provides direct fligligen cities in Far East; Delta connects five East
Asian cities with Seattle.

% This calculation is based on the following asstomst each carrier provides a flight by using
B777-200; its capacity is 268 seats; the loadimgpfais 70 percent. By using Airport, ATC & Fuel
Charges Monitor (IATA 2013), the charge per passeageach airport is computed as follows: at
Los Angeles, 29 dollars; at San Francisco, 16 ol Seattle, 19 dollars.
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demand for air trip services than Haneda, in otdeaise their revenues, it is important
for them to attract carriers to provide connectiights from other regions by
discounting the airport chargésTo put it differently, airports at relatively srhaities
may take more aggressive attitude toward the mocepetition among airports within a
region since the revenue from connection flightsnre significant. In this paper, we
address the question how the price competition gmarports affects the carrier’s
network choice. We also investigate the welfarectfbf the price competition from a
qualitative perspective. In addition, it is anatg@lly shown that the price competition
induces the carrier to choose the airport at rettismall city as its hub.

Reflecting current changes in the carriers’ netwookfiguration, several literatures
deal with the carrier’s network choice. In the mpoly setting, Starr and Stinchcombe
(1992), Hendricks et al. (1995), Brueckner (20043 &awasaki (2008) address the
question when the carrier chooses the hub-spokeoriet Flores-Fillol (2009) extends

the model by introducing the competition betweerriees. In more general setting,

* As well as the discount in the landing fee, Karis&irnational Airport offers several discount
menus for carriers such as the off-peak and thegtional discounts. As a result of these discount
menus, several airlines start to provide the servetween Kansai and other airports. Especially,
Peach Aviation chooses Kansai as its hub.

®> The difference among them is mainly attributethtformulation of the density economy:.
Namely, in Starr and Stinchcombe (1992) and Hehkdrét al. (1995), the density economy is
represented by a reduction in the average operatisigthrough an increase in the number of
passenger. In contrast, as well as the densityoaecpim these two studies, Brueckner (2004)
introduces another source of the density econonigdiyding the schedule delay cost for
passengers. In this setting, an increase in fligthtices the generalized cost, and expands the
demand; therefore, it enhances the density econdawasaki (2008) extends Brueckner (2004) by
introducing the heterogeneity in value of time amasers.
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Mori (2012) studies the network formation of a spart firm. As in Mori (2012), these
literatures focus on the tradeoff of hubbing stygtéor carriers. When choosing the
hubbing strategy, each carrier can enjoy two typkscale economy, density and
distance economies, while it needs to incur thetiael operating costs for providing
connection flights between the hub and spoke notlesse literatures, however, solely
focus on carrier’s choice, and the operators’ ad®iar the pricing at airports is out of
consideration.

The pricing policy at airports itself is anothepio drawing an attention (Oum et al.
(1996), Brueckner (2002), Pels and Verhoef (200dhang and Zhang (2006),
Morimoto and Teraji (2013)). These literatures aeplvith the pricing policy presume
the carrier's network and focus on its direct effen the hinterland’s welfare.The
pricing policy, however, may indirectly affect tinelfare of its hinterland through the
change in the carrier's netwofkin order to capture this effect, it is importawt t
concern about the competition among airports, dmsl type of competition is also
studied in literatures. Most of literatures in tetgand (Pels et al. (2000), De Borger and

Van Dender (2006), Basso and Zhang (2007), Mun Bardji (2012)) focus on the

® Most of literatures focus on the single congesieabrt case (Brueckner (2002), Pels and Verhoef
(2004), Zhang and Zhang (2006)). In contrast, Otiat.€1996) deal with the pricing at airports in
the hub-spoke system. Morimoto and Teraji (2013 mck the model of Oum et al. (1996) by
introducing the two-sidedness of airport operatimamely, each airport serves to both carriers and
users.

" The congestion and the carrier’s network choieestudied in Fageda and Flores-Fillol (2013);
however, they deal with the effect on the congesbiothe carrier’'s network choice.
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competition between airports in a small region (xample, a metropolitan area);
therefore, the carrier's network choice, point-torpp or hub-spoke, is not considered.
The competition in a relatively large region (foaenple, multiple countries) is studied
in Matsumura and Matsushima (2012) and Czerny.4@alL.3). These literatures focus
on the competition between countries for the infrtacture operation, but the carrier is
not allowed to choose its network configuration.

We extend a multiple-airport model in Matsumura @natsushima (2012) in two
perspectives: first, we allow the monopoly cartieichoose its network configuration;
second, we limit our focus on the case where eapbrais under the separate private
operation. When serving to airports, the carriar caoose one of two networks: i) it
directly connects all airports with the final destiion (point-to-point); ii) it directly
connects one of airports with both the final dedton and the rest of them (hub-spoke).
If the carrier chooses the hub-spoke network,de$athe tradeoff between the saving in
fixed costs for direct flighfsto the final destination and additional operataugt for
connection flights between the hub and spoke no8&sce the airport charge is
included in the additional operating cost, eacpairoperator can induce the carrier to
form their desired network by choosing the airmdrarge appropriately. In other words,

there exists a possibility such that operators aimpn price in order to attract the

® This may include the costs for ground sites, adstration, and ticketing and promotion.
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carrier. By using this model, we address the qaediow the price competition distorts

the carrier’'s network choice.

The rest of the paper is organized as follows. iBec describes the model, and

Section 3 explains the optimal network, which is teference for the evaluation of the

equilibrium network. Section 4 derives the equilibon network in which airport

operators compete in the airport charge. This @e@&lso investigates the welfare effect

of the airport competition by comparing the equilim network with the optimal one.

Finally, Section 5 states some concluding remarks.

2. The Model

2.1. The Basic Setting

Suppose an economy which is consisted from twes;itCities 1 and 2. Residents in

each city travel to the foreign country by using Hirport at their residence. We assume

that each airport is operated by a private firmg ave call operator the one who

manages Airport. The monopoly carrier provides the internationatrgp service from

these two airports to a foreign country. When palong the international air trip service,

the carrier makes the network choice, point-to-pan hub-spoke. The carrier also

determines which airport to be the hub if it ch@otee hub-spoke network. Figure 1



summarizes the three possible network configuratitm Figure 1, network indicates
the point-to-point while networkl; corresponds to the case where Airpofit 1, 2) is
the hub. Also note that, and |- in Figure 1 respectively represent the distance
between Airports 1 and 2, and the distance fronpakiri to the foreign country. In
addition, we assume thdt, <I.. .

<<FIGURE 1: ABOUT HERE>>

The sequence of decisions is as follows: first, aaport operators simultaneously
set airport charges. At the second stage, givericeboof airport operators, the
monopoly carrier determines its network configumatiN, and airfares for users at two
airports, pi. Finally, households in each city decide whetleeitravel to the foreign
country from the airport at their residence.

We assume that the international air trip demanithetastic: that is, households in
each city travel to the foreign country once unlése airfare, p, exceeds the
reservation price. We assume that all householde ten identical value of the
reservation price, and it is normalized to one.réfere, the aggregate demand for the

international air trip service at Citys:

a(m)={ e &

0 otherwis

where n, is the population of City. In order to simplify the analysis, we normalike t



total population of the economwy +n, to one. In addition, we denote by the
population of City 1 and limit our focus on the easherel>n>1/2. Since the
market is under the monopoly, the carrier chookesairfare equal to the reservation
price: that is, p. =1. In the following subsections, we describe theriees network
choice and the behavior of airport operators.
2.2. The Carrier
Given the airport chargesa=(a;,a,) , the carrier determines its network
configuration,N (N=P, Hi, H), in order to maximize its profit;z(N;a) . It is shown
that the individual demand for international aiptservice is inelastic, and that the
carrier sets the airfare equal to the reservatiocep p =1. Therefore, the carrier’s
profit, 77(N;a), is given by:
m(Nia) =3 [n -G (Na)] )
where C (N;a) is the total cost for markeunder network\:
C(Pa)=G(H;a)=ckn+an+ F (3.1)
C (H;:a)=c(l +1,)n +(23 +a)p. (3.2)
The total operation cost for serving at Airpoi$ consisted from three components: the
operating cost for flights, the airport charge pawts, and the fixed cost for handling

direct flights. The first term of the RHS in Equmats (3) captures the operating costs for



flights. It is assumed to be proportional to pagsetkilometer, and the operating cost
per passenger-kilometer is denoted dyThe second term shows the airport charge

payment by the carrier. Since the carrier must gtagn airport for both departing and

arriving, in case of networki;, airport charge per passengerda, +a while in case
of other networks, airport charge per passengea isFinally, F represents the fixed
cost for handling direct flights.

Summing Equations (3), the carrier’'s total cost amdach of three networks is
computed as:

C(Ra)=3(cl +a)n+2F,
C(H;a)=(cl- +g)+(cl,+a+a)n+ F for i=1,2, j#i

These equations show the carrier’s tradeoff. Namélythe carrier chooses the
hub-spoke networlii; or Hy, the carrier can save the fixed cdstwhile it must incur
the additional operating cost for connection flgttetween the hub and the spoke
airport. Also note that between two types of nekygoint-to-point and hub-spoke, the
airport charge payment varies. In other words ctireier’s network choice is dependent
on the airport charges. Let us denote Nya) the carrier’s network choice, then it

suffices:

N (a) =argmaxz(N a) (4)



2.3. Airport Operators
Each operator sets the airport charge in orderawimmze the revenue. The revenue
of operatoii is given by:
R(P)=R(H) anpand R H)= a(1+ n) for # 1,2, ¢ i (5)
When setting the airport charge, each operatorstake account two conditions. The
first condition is such that each airport operatoust make consideration on the
carrier's network choiceN(a). Furthermore, since the carrier's network choise i
dependent on airport charges at two airports, egarator can induce the carrier’s
network to be favorable for them by setting itgairt charge appropriately. The second
condition is such that the carrier must earn tha-megative profit at each airport.
Otherwise, the carrier does not utilize the airparid the operator cannot earn the
revenue. We denote byzr (N;a) the carrier’s profit at Airport Then, it is specified as
follows:
m(P;a)=7m(H;a)=[1-(c| +a)]n- (6.1)

ﬂi(Hj;a):[l—(cljF+a].)—(cI12+a1+a2)] n. (6.2)

3. The Optimal Network

In order to evaluate the equilibrium network coofgtion, we first focus on the
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optimal network configuration which maximizes treeial surplus. The social surplus,

S N, under each of three networks, (N = P, H;, andH) is computed as follows:

sq A= n(1- p){; (P g g-2 %+§ pEl- X nl-2 |

k k

(7.1)

s H)=2 n(1- p)

k

St 4087

k

+

+a+n(g+a)=t C(J: +n Lz)— F fori= 1,2jzi (7.2)
In Equations (7), the social surplus is consisteenfthree components, the consumer
surplus, the carrier’s profit, and the airport geamrevenue. Summing these three
components, the airport charges are cancelledh&umbre, since the reservation price
is constant, the optimal network is defined asnbvork minimizing the cost for the
international air trip service provision.

First, we focus on two hub-spoke networks. In comnspa of costs for the service
provision between two networkid; andH,, Lemma 1 summarizes the condition where
networkH; assures the lower social cost thén
Lemma 1

Network H assures the lower social cost than netwogkfHAI <I,,(2n —1); otherwise,

network H does.
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Proof:
The difference in the social surplus between neita/bli andH, is computed as:
S H)-S% H)= €A~ i)+ a2 r)=-4&+ c(2r],
where Al =1, -I .. Solving this for Al, S§ H)> S§ B if:
Al <l,(n-1).
QED
In Lemma 1, the threshold,,(2n-1), is positive sincen>1/2. This implies that,
from the welfare perspective, the carrier shoultizet Airport 1 as its hub instead of
Airport 2 if two cities are equidistant from therdéogn country. This is due to the
difference in the population between two citiesmédy, since the population of City 2
is smaller than that of City 1, placing the hulAaport 1 can save the operating cost of
connection flights between two airports.
In order to derive the optimal network configuratiove compute the threshold of
fixed cost, F =F°(P,H.) atwhich
s A= s h.
For F <F°(P,H.), forming networkP saves the social cost; otherwise, netwdikBy
using Lemma 1 andF°(P, H,), the optimal network configuratiol®, is summarized

in Proposition 1:
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Proposition 1
1) When Al<l,(2n-1), network H is the optimal network configuration if
F =F°(P, H,); otherwise, network P.
ii) In contrast, whenAl >1,,(2n -1), network H is the optimal network configuration
if F>=F°(P,H,); otherwise, network P.
Proof:
The thresholds are derived as follows:
SS(PB- S$ H= nlel+ J- J)- FEOfor £1,2,
Solving this forF,
F=F°(P.H)=nc(] +l,- ¢ ). (8)
QED
In Proposition 1, the threshol&° (P, H,) is equal to the incremental operating cost at
spoke airport when the network is changed fto H;. Therefore, Proposition 1 states
that forming the hub-spoke network is efficientthife fixed cost is larger than the
incremental operating cost. In addition, as in Leaniy it is efficient for the entire
economy to place the hub at Airport 1 if two aifgoare equidistant from the foreign
country. However, when Airport 2 has a geographiavantage (that is,

Al >1,(2n-1) ), placing the hub at Airport 2 becomes the optinmatwork
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configuration for F > F°(P, H,).

4. The Equilibrium Network

This section addresses how the equilibrium netwisrkdetermined. Since the
operators first determine the airport charges, areesthe game among the carrier and
operators by the backward induction. Subsectiondédls with the carrier's network
choice: how the carrier determines its network mumhtion given the airport charges at
two airports. Subsection 4.2 focuses on the behavicairport operators. Namely,
taking into consideration the carrier’'s network iceo this subsection explains how two
operators set the airport charge. Subsection 4sgritbes the equilibrium network
configuration. Finally, in Subsection 4.4, we dissuthe mechanism behind the
equilibrium network configuration, and investigatiee welfare effect of the price
competition through the comparison with the optimatiwork configuration.
4.1. The Carrier’s Choice

As in EqQ. (4), given the airport charges at twaits, the carrier determines its
network configuration,N(a) . In comparison of profits under three alternatiegworks,
we derive the carrier’s network choice as in Len#na

Lemma 2
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The carrier’s network choiceN (a) , is determined as follows

P ifa >3 fori=1,2,
N(a)=1H,  ifas<a anda<3(a), €)
H, ifa, < &, anda, < 3,( a)

where
~_ F C(liF +|12_IjF) - .
4= - fori=12,j #i, (10.1)
2n; 2
~ _Na nc(ljF +|12_|'F)_njc('F +|12_|jF) o e
a )= + fori=1,2,j #1 . (10.2
A(a)=", T j#i. (102)
Proof:

It is easily derived from the comparison of Equiasi¢2) and (3).

QED
Figure 2 summarizes the carrier’s network choice (&,a,) space in case of
l,- =1, =1. As shown in Figure 2, for sufficiently large valof airport charges (that is,
a >3 and a,>4,), the carrier chooses netwolk This is because, under this
circumstance, the carrier can save the airportgehpayment for connection flights by
forming networkP. In contrast, the carrier chooses one of two aigpas its hub if that
operator offers relatively low airport charge comgahto the other airport. For example,
the carrier determines netwa as its network configuration if the operator ofgart

1 sets the airport charge within the rangeapk & and a, < &(a,).
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<<FIGURE 2: ABOUT HERE>>

Lemma 3 summarizes how the change in the paramelaes affects the domain of
each network in Figure 2:
Lemma 3
i) The domains of networks; lFnd H expand as two airports are located closer or as
the fixed cost for the direct flight increases;
i) The domain of network +£xpands as the population of Cltyncreases;
iii) The domain of network Hexpands as Airpor® is located closer to the foreign
country.
Proof:
By differentiating Equations (9) with respectRo |,,, n, and Al , it is confirmed. For

part i) of Lemma 3,

i:—3<0anda_q:i>o
a, 2 oF

For part ii),

A

08 _ F 04 _ F<O'andaél(a2): 2ng , d,

on 2(1-n)* " on 2rf on  (1-n)* (1-n)°
For part iii),
ﬁ:—g<0’ @:E> 0, andaél(az):— ¢ < (
oAl 2 ToN 2 oN 2(1n)
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QED

The part i) of Lemma 3 indicates that two parame#dues affect the carrier’s tradeoff
between point-to-point and hub-spoke. Namely, aedese in the distance between two
airports, |,,, expands domains dfi; and H, due to the reduction in the additional
operating cost for connecting flights. An increas¢he fixed costF, also widens these
domains since providing the direct flights at tvigarts becomes more costly.

According to the part ii) of Lemma 3, Airport 1 lm@ces more attractive place for the
hub as the population of City 1 increases. In campa of networksH; and Hp,
providing the connection flight from Airport 2 ieds costly than providing from Airport
1. Furthermore, the increase in the populationitf Cleads to the reduction in the cost
of connection flight from Airport 2 because thi€nease causes the decrease in that of
City 2; therefore, comparing with netwoF the disadvantage of choosing netwblk
shrinks. Finally, for the part iii) of Lemma 3, i that an increase i\l =1, —I -
implies that Airport 2 becomes relatively closeth@ Foreign Country compared to
Airport 1. In such case, it is more likely for tharrier to choose Airport 2 as its hub.
This situation is observed in several regions:doample, Delta chooses Narita as its
East Asian hub to the United States.

4.2. The Operators’ Choices
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At the first stage, two operators simultaneouslyagort charges. Since operators
take into account the carrier’s network choidéd(a), they can induce the carrier’s
network choice by setting airport charge approphatin this paper, we assume that
operators’ strategies are discrete; namely, eaehnatqr discounts its airport charge in
order to become the carrier’s hub, or exploitsd@eier’s profit at its airport. The first
type of strategy is hameatiscount strategyvhile the second typ&xploiting strategy
This subsection describes two strategies, and eerifie condition such that each
operator plays discount strategy instead of expiitin order to simplify the analysis,
we assume that two airports are equidistant fraarfdheign country, and the distance is
normalized to unity: that is|. =1, =1. In addition, we consider the case where
F <(@-n)@@-c), and we assume that parameter values sufficeahdition such that
for some sets of airport charges. Under these ssaraptions, the carrier may choose
networkP as its network configuration.

4.2.1. The Exploiting Strategy

The exploiting strategy aims at setting the airgbirge to exploit the carrier’s profit
at an airport instead of becoming the carrier’s.hliberefore, by its definition, the
exploiting airport chargea’, is equal to the level at which the carrier’s graf Airport

I equals to zero. Since without competing with ttteepoperator, at least, each operator
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can exploit the carrier’s profit at its airport wndnetworkP, the exploiting airport
charge is computed according to the relatien(P;a) = 0: namely,

a®=1- c—E fori=1,2. (11)

By choosing a = g°, operatoii can earn the revenue’n , without competing with the
other operatoy. To put it differently, the revenuea’n , is a reference point for operator
I when deciding whether to compete.
4.2.2. The Discount Strategy

The discount strategy, in contrast, aims at redyutihe airport charge in order to
become the carrier’s hub. Prior to characterizing tstrategy, we first check the
operator’s incentive to discount the airport chaye in Figure 2, operatar(i=1, 2)
must discount its airport charge belody if it wants to become the carrier’s hub. In

other words, operatarhas an incentive to cut its airport charge if:

A

3(L+n)>dn.

Solving this for the fixed cosE, we obtain Lemma 4, which summarizes the condition
where operatorhas an incentive to play the discount strategy:

Lemma 4

Operatori (i=1, 2)discounts its airport charge:if

20 (1- 9+ e (1+ 1)
1+3n, '

F>F = (12)
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Lemma 4 indicates that, i <F,, operatoj has no incentives to discount its airport
charge froma;; therefore, for F <F,, operatori becomes the carrier’s hub if it sets
the discount airport chargea’ =4 . However, for F, <F , two operators have
incentives to cut their airport charges, and theepcompetition is realized. Under this
circumstance, in order to become the carrier’s hadgh operator has to choose its
airport charge by taking into account two condisioi) the operator has to choose the
level so that its competitor cannot cut the airbidrge anymore; ii) it also must set the
level so that the carrier choose its airport ashthie. The condition i) states that, when
setting the discount airport charge, each operahmoses the level by taking into
account the competitor’s lower bound airport chafjace each operator can earn the
revenue, a:n. , without discounting, the lower bound of the antggharge for operatqr

10

a,, is computed as follows:

_nag _n@-9_F 13)
1+n  1+4n 1+n

3 (1+n)=an - 3

The condition ii) indicates that the discount cleastpould be the level at which the
carrier choose Airpotitas its hub. In other words, according to Propmsift, operator

must set its discount airport charga’ , equals tog (a); otherwise, it cannot become

the carrier’'s hub. Therefore, by using (10.2) ah8),(the discount airport charge,’,

in case of F; <F is computed as follows:
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na  (n-n)ek._n@-9 nF  (n-n)d
n, 2n 1+n  n(1+n) 2n

J J |

a(a)=

In summary, the discount airport charge is given by

F cl,

if F<F,
, 2n, 2 a4
ai =

n(-¢) _nF  (n-n)e o o

1+n n(l+n) 21 L

4.3. The Nash Equilibrium

In Subsection 4.2, we have defined two strategnethe airport charge, the exploiting
and the discount airport charges, as in Equatidi® @nd (14). This subsection
describes the Nash Equilibrium of the operatorshea(a’,a, N ), and characterizes
the equilibrium network configuration. As in Eq.4)1 the discount airport charge is
dependent on the fixed cost. We derive the NashliBqum under each of three cases
such as: )F<F ;i) F<F<F ;andiii) F, <F. In case i), both operators have no
incentives to play the discount strategy insteathefexploiting strategy as in Lemma 4.
Therefore, under this circumstance, the Nash Hxuwln is characterized by
(&, 8,N)=(&, &, P.

In case ii), Lemma 4 indicates that operattras an incentive to play the discount
strategy while operatgremploys the exploiting strategy. Hence, the Nagtiltbrium

e

is attained ata’ =g', a =&, and N'=H,. In order to characterize the Nash
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Equilibrium in case ii), however, it is necessayyctarify the relation of thresholdsf;
and F,. Through exercising simple calculation on Eq. (118 obtain Lemma 5, which
summarizes the relation betwedf and F,:

Lemma 5

1) The gradient of F, with respect tol,, is steeper than that of;;

i) The intercept of F, with respect tol,, is smaller than that off,.

Lemma 5 indicates that there exists a thresholthntig, I, =1 , at which F, = F,;
furthermore, F, >F, if 1,<I while F <F, otherwise. This implies that the case ii)
is characterized byF, <F <F, if I,<I , and the Nash Equilibrium is attained at
(a,a,, N)=(&,d, H,); if 1,>1,in contrast, the case ii) is given by <F <F,,
and (a,,a, N )=(d, &, H).

Lemma 5 is interpreted as follows. Due to the smafulation of its hinterland, it is
attractive for operator 2 to become the carrietib.hAt the same time, however, it is
more costly for the carrier to choobk network thamH; since it has to provide more
connection flights. This implies that operator 2smnsubsidize more than operator 1 to
recover the carrier’s cost of connection flightdahis loss increases as the distance

between two airports increases. Therefore, opetaisrmore willing to discount than

operator 1 if two airports are located close toheather; as a result, netwoHt; is
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realized. In contrast, operator 2 becomes lessngithan operator 1 if two airports are
located further away from each other since t thiesisly has a significant negative
impact on the revenue; consequently, netwdrks attained.

Finally, under case iii),F, <F, where there exists a possibility such that both
operators may have incentives to discount thepoaircharges in order to become the
carrier’s hub. In such situation, we need to chediether each operator sets the
discount airport charge, (14). Lemma 6 summarihescbndition where each operator
plays the discount strategy:

Lemma 6

Suppose thatF > F, = max{F,,F,}. Then, operatorl plays the discount strategy if

F <F while operator2 plays if F>F where

c[2+n(1-n)]l, |

F=-n(1-n)(1- ¢+ 5 (15)
Proof:
Operator plays the discount strategy if:
a’ (1+ n ) > an. (A.1)

Since F > F; =max{F,,F,}, according to (14), the discount airport charggiven by:

d_I‘g(l—C)_ nF (ni_nj)chz
i 1+n  n(1+ r;)+ 2n (A-2)

Plugging (12) and (A.2) into (A.1), and solving fdre fixed cost, we obtain the
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threshold F =F at which Eq. (A.1) holds with the equality.
QED

According to Lemma 6, in case iii), the Nash Edpmilim is characterized by the
following: if F<F, (a,a,, N)=(&, &, H,); otherwise, (a,a,, N )= (&, &, H,).

According to the argument exercised above, we characterize the Nash
Equilibrium of the operators’ game. Prior to sumiziag the equilibrium network
configuration, however, it is necessary to charaethe sets of parameter values
which we consider. First, since we have assumgd §, the following condition

should be satisfied:

__n-n)[2(1-9)] , enfi- )L,

’>a - F<F= : 16.1

a>a - F<R - 2_n (16.1)
Lo _n@-n)[2(-9] enf1-n),

°53 - F<FE = _ 16.2

ai>4 - F<F, TSR (16.2)

Since n>1/2, a®*>3§ if F<F,. In addition, in order to assure that the carrier
provides the direct flight at Airport 2,F <(1-n)(1-c). For the case where
F <min{(L-n)(1-¢c), £} = F, Proposition 2 summarizes the Nash Equilibrium:
Proposition 2

Suppose thatF <min{(1-n)(1-c), £} = F. The Nash Equilibrium (a;,a,, N ), is

characterized as follows

24



(af, a5, P) if F<min{ ,F,F

F
(alazl\f): ("f@ H1) if F< FSmln{T: (17)
F

(af,a;’, H2) if max{ F2,F} <F.

4.4. Discussion

In this subsection, we give some intuition behirtte tequilibrium network
configuration, N, summarized in Proposition 2. In addition, we canep the
equilibrium network configuration with the optimumnd investigate the welfare effect
of the price competition between airports. Figurest®ws the equilibrium network
configurations forn<2/3 and for n>2/3. The left figure corresponds to the case
where n<2/3 while the right figure is the case where>2/3. In either case, as the
fixed cost of decreases or as the distance betimaenirports increases, the equilibrium
configuration changes from the hub-spoke into tlntpto-point. Since these two
changes diminish the carrier’s net benefit of hngbeach operator must discount more
in order to become the carrier’s hub; thereforerafors give up becoming the carrier’s
hub through the discount strategy.

Let us start with taking a closer look at the caben<2/3. In this case, Airport 2
becomes the carrier’s hub if the distance betweem airports, |,,, is small while
Airport 1 becomes the carrier’'s hub if the distarceelatively large. As explained in

Subsection 4.3, this change is caused from therdifice in the operator’s loss of
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subsidizing the carrier. That is, since hubbingAmport 2 imposes the larger cost of
connection flight operation on the carrier, oper&omust discount its airport charge
more than operator 1. Furthermore, as the distarmeases, the loss of discounting
becomes more significant; consequently, netwdskis never realized foil,, >I . In
case ofn>2/3, in contrast, networkd; is never realized. Since operator 2 faces
relatively small hinterland demand, the revenueopgrator 2 under networP,
a;(1-n), is small; therefore, the lower bound of operafs airport charge is
sufficiently low. This implies that operator 1 hasdiscount its airport charge more if it
wants to become the carrier’s hub. Figure 3, howereows such discount harms the
welfare of operator 1; therefore, netwdik is never realized.
<<FIGURE 3: ABOUT HERE>>

The result of n>2/3 seems strange in the sense such that City 1 chenotne the
carrier's hub even though its population is morantlwice as large as that of City 2.
This result may stem from the following two setupsnitting the user’s transit cost and

the cost of airport operationThe introduction of the user’s cost of transit nater

® One might think that for(1- n)(1- ¢)> F 2 F,, which we ignore in the analysis, netwatk may
appear as the equilibrium network configurationwidweer, networkd; may not be realized for
(l-n)(1-c)> F= F, because of the following two reasons. First, theitiance of network,
againstH, is attributed to the difference in the populatsize rather than the size of fixed cost or the
distance between two airports. Second, within teain of (1-n)(1-c)> F > F,, two airports are

close to each other; therefore, operator 2's ldéssgounting is not significant as argued in
Subsection 4.3.
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network H, dominance in case oh>2/3. The transit cost lowers the operator’s
airport charge for connection flights since usersha spoke airports becomes less
willing to pay for the air trip service. Furtherneotthe ratio of such users at Airport 2 is
larger than at Airport 1. Therefore, operator 2 lagiscount more to become the
carrier’'s hub; for large transit cost, it may give employing the discount strategy. The
introduction of airport operation cost also mayeaff networkH, dominance. The
airport operation cost puts the fixed lower bouridaimport charge while, in current
setting, the lower bound varies with the populatdminterland. For some value of the
operation cost, this cost binds the lower boungaatr charge of operator 2. Since
operator 2 becomes less competitive, operator 1ltakay/the discount strategy in order
to become the carrier’s hub.
<<FIGURE 4: ABOUT HERE>>

Finally, we compare the equilibrium and the optimatwork configurations in case
of |- =1. Figure 4 compares two network configurations asec of n<2/3. As
shown in Figure 4, the airport price competitiostdits the carrier’s choice in two
ways; i) it disturbs the carrier to form hub-spaletwork instead of point-to-point; ii) it
may make Airport 2 become the carrier’s hub atateilibrium even though Airport 2

has no locational advantage. The difficulty in tiensition from point-to-point to
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hub-spoke is attributed to the positive airportrgeaUnder the positive airport charge,

it is more costly for the carrier to form hub-spakstead of point-to-point. In contrast,

the benefit of forming hub-spoke is identical betqweahe equilibrium (positive airport

charge) and the optimum (zero airport charge);efiloee, at the equilibrium, the carrier

tends to choose networR instead ofH;. The realization of networld, at the

equilibrium is due to the relatively aggressiveitatie of operator 2 toward the

competition. Since operator 2 can enjoy the laggn from connection flights when

becoming the carrier’s hub, it offers the discoamport charge more easily than

operator 1 if two airports are relatively closedach other. Therefore, the carrier is

induced to choose Airport 2 as its hub.

5. Conclusion

In this paper, we have dealt with the question tibe price competition among

airports affects the carrier’s network choice. dey to address this question, we have

constructed the model where behaviors of both #Hreier and airport operators are

considered. By using this model, it is derived types of network configuration, the

optimal and the equilibrium network configurationAt the optimum, airports at

relatively small cities may become the carrier'dshuhen they have the locational
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advantage against those at relatively large cibdserwise, hubbing at airports in large

cities is efficient. In contrast, at the equilibmiyairports at relatively small cities may

become the carrier’'s hub even if they have no lonat advantage. This is because

operators of airports at relatively small cities arilling to discount their airport charge

since they receive relatively large gain from cantiom flights from their spoke nodes.

According to the comparison of two network confafiwmns, the optimum and the

equilibrium, it is shown that the price competitidistorts the carrier’s network choice

in following two ways: i) it disrupts the carriep tchoose hub-spoke instead of

point-to-point; ii) it induces the carrier to cheoairports at relatively small cities as its

hub even if they have no locational advantage.

Finally, we suggest topics for the future reseaFitst, in order to keep the analytical

tractability, we omit the costs of user’s transitlairport operation; however, as argued

in Section 4, introducing these two factors maynggaoperators’ behaviors in price

competition. Therefore, it is necessary to extend model by introducing these two

factors. In addition, since we ignore the air sgrvice demand among the hub airport

and spoke nodes, our result overstates the inafftgi of the price competition. This is

because this extension reinforces the carrier’sefterof hubbing; therefore, the

inefficiency of price competition may be mitigatdtdis also necessary to introduce the
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airport congestion into the model. Since severab lairports experience severe

congestion, it is useful to consider how the pramEmpetition affects the airport

congestion as well as the carrier’s network choice.
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