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Chapter 1. Introduction

Chapter 1

Introduction

1.1. Development of Air-Transport Market in the Past and the Future

The first commercial flight in history occurred in Florida, the United States in 1914. 100
years have passed and air-transportation market has developed greatly. 3.1 billion
Passengers and 49.8 million tones freight were carried by air in 2013 [IATA:
International Air Transport Association, 2014]. Nowadays, flight services are essential
for our life and global economy. The purposes of air travel are various such as leisure,
business and visiting friends and relatives. Air freight also supports global industries by
connecting world-wide supply chains. Especially, high-value and time-sensitive goods,
like precision instruments, are carried by airl.

1,397 airlines and 3,864 airports contribute to both passenger and freight
transportation as mentioned above. 58.1 million people work for aviation industry
directly as airline staffs (flight and cabin crews, ground services and maintenance

staffs), airport operators, civil aerospace staffs (engineers and designers of aircraft,

1 Air freight consist 35% of world trade by value while it consists 0.5% by volume [ATAG 2014].
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Chapter 1. Introduction

engine and components) and air navigation service providers (air traffic controllers).

Moreover, the industry generates $2.4 trillion of economic impacts (including direct,

indirect and induced) and consists 3.4% of global GDP [ATAG: Air Transport Action

Group, 2014].

The industry is expected to grow rapidly in next several decades because of the growth

in the middle-class in the emerging economies. The increase in middle-class people

generates tourism demands and the progress of economic integrations, EU, ASEAN as

well as other agreements, makes international business travel and cargo demands.

According to the recent estimates by ATAG, demand for air transport will increase by

4.7% per year on average over the next 20 years and 6.63 billion passengers will travel

by air in 2032, which i1s 2.6 times as large as in 2012. Moreover, aviation industry will

have $5.8 trillion of economic impacts and generates 103.1 million jobs including

indirect and induced effects in 2032 [ATAG, 2014].

1.2. Deregulation and Privatization in Air-Transport Market

International agreements and coordination are required to operate international flights

and the huge amount of investment is needed for airport infrastructure development.
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Therefore, the public sector operated airports and posed severe restrictions on airlines.

The aviation regime in post-World War II period was formed by the Chicago Convention,

which established International Civil Aviation Organization (ICAO). Under the Chicago

regime, the first two freedoms of the air? are open to all signatories. Other rights and

regulations on routes, capacities, frequencies and airfares are to be negotiated by

bilateral agreements.

The turnaround of the regime is the Domestic Airline Deregulation Act in the US in

1978. The law removed the entrance barrier and allowed airlines to decide freely on

routes and airfares for the domestic market. The US policy change aimed at

deregulation leaded to liberalization of the international aviation market. In 1990s the

US established “Open Sky” policy under which the third through seventh freedoms are

accepted and airlines set their airfares freely. Japan has also promoted open skies policy

since the treaty between the US and Japan in 2010. Japan signs open skies treaty with

27 countries as of 2014. In these treaty, the fifth freedom, “beyond right”, is accepted.

2 ICAO [http://www.icao.int/Pages/freedomsAir.aspx] defines following nine freedoms of the air.
1st: the right of innocent passage

2nd: the right of technical landing

3rd: the right to fly from the home country to another

4th: the right to fly from another country to the home country

5th: the right to fly beyond the destination into third countries

6th: the right to fly, via the home country, between two other countries

7th: the right to fly between two foreign countries

8th: consecutive cabotage

9th: stand-alone cabotage

The first two rights are called “transit rights” and the others are “traffic rights”.

3



Chapter 1. Introduction

Consequently, foreign airlines start various flight services in international flight market
in Japan, e.g., Kansai-Guam route by Korean Air and Kansai-Saipan route by Asisana
Airlines.

As part of Margaret Thatcher’s economic reforms, British government started to
privatize airports. British Airport Authority, which operated seven airports in London
and Scotland, was privatized under the Airport Act in 1986 and was listed in London
Stock Exchange in 1987. The movement of airport privatization has spread all over the
world. Aéroports de Paris, which operates 14 airports including Charles de Gaulle
International Airport, and Fraport AG, which manage Frankfurt Airport and holds
stocks of several airports around the world, are listed in securities exchanges. Some of
Japanese airports are also under privatization. Japanese government adopted
concession style as the privatization method. Kansai airport and Itami airport were
integrated into one company and the operation right will be sold in 2016. The main
purpose of airport privatization is improving operation efficiency. Oum, Adler and Yu
[2006] and Miiller, Ulkii and Zivanovié [2009] showed evidences empirically that
airports with government majority ownership are significantly less efficient than
airports with a private majority. Therefore, it can be said that the main purpose of

airport privatization can be achieved.
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1.3. Key Issues on Air-Transportation Market

The characteristic of air-transportation market is the vertical relationship between

airports, airlines and passengers. Airports provide their services both airlines (runways,

cargo terminals, and so on) and passengers (passenger terminals). Airlines perform as

downstream firms, that is, they utilize airport facilities as inputs and offer flight

services to passengers. In the industry, both airports and airlines have market power.

1.3.1. Airports

The largest issue related to airports is runway congestion and flight delays. After the

deregulation, airlines choose Hub-Spoke network structure in which all regional routes

are concentrated at a hub airport. Therefore, major hub airports suffer from heavy

traffic problem. For example, twenty percent of airline flights in the United States were

delayed between 2000 and 2007 [Zhang and Czerny, 2012]. Ball et al. [2010] estimated

that the total cost of transport delays in 2007 was $31.2 Billion. Many researchers have

tried to solve this problem. In early period, Levine [1969] and Carlin and Park [1970]
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advocated the use of price mechanism, i.e., congestion tolls. Their models based on road

congestion model and treated flights as “atomistic”’. However, the atomistic assumption

doesn’t capture correctly the usage of runways because a congested airport is usually

dominated by only a few airlines. Daniel [1995] and Brueckner [2002] developed models

which explicitly consider the airlines’ market power. They raised the possibility of

“self-internalization”, that is, a large airline take into account the fact that its

additional flight generates extra congestion costs for its own flights and passengers. The

Brueckner [2002]'s model predicted the “market power” effect. An increase in the

market share increases the degree of self-internalization, and therefore reduces airport

congestion. Pels and Verhoef [2004], Zhang and Zhang [2006] and Basso [2008]

investigated this “market power” effect and showed that the optimal airport charge for

large airline should be lower than one for small airlines.

Airport privatization and regulation are also big issue. As mentioned in Section 1.2.,

many airports were privatized around the world. However, airport privatization has a

serious side-effect. Privatized airports might utilize their market power owing to local

monopoly position. In fact, Bel and Fageda [2010] found that private unregulated

airports set their charges higher than public ones in their cross-sectional study. Zhang

and Zhang [2003], Basso [2008] and Czerny [2012] supported the result theoretically.
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Therefore, many types of price regulation regimes have been studied. Two price

regulations, “Price-cap” and “Cost-based”, are widely adopted. Yang and Zhang [2012]

investigated the impact of economic regulations on investment and operation efficiency

in transportation industry. Their result is that the level of capacity investment is higher

under cost-based regulation than price-cap regulation. This result coincides with

“Averch—Johnson effect” [Averch and Johnson, 1962]. In addition, they showed that

welfare under price-cap regulation is higher than cost-based regulation. Oum et al

[2003], Perelman and Serebrisky [2010] and Liebert and Niemeier [2010] compared the

efficiencies under both regulation systems.

The above studies, however, focus on only a single airport and ignore airline networks.

In order to completely capture the effects of congestion and market power of airports on

social welfare, it is needed to consider the whole network. This is because airlines

construct networks all over the world, and then strategic behavior of airports affects

each other. The second problem is that most of researches on congestion conducted only

normative analyses. They investigated optimal airport charges and investment, but

haven’t cleared what kind of “market failure” exists and what kind of markets suffers

from serious welfare loss yet.
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1.3.2. Airlines

After the deregulation and “open sky” agreements, airline alliances were established.

Three global alliances (Star Alliance, One World, Sky Tram) made up 73.6% of the world

international market in 2008 [Zhang and Czerny, 2012]. The alliance system enables

airlines to access to markets all over the world by code-sharing, cooperative marketing,

the joint frequent flyer program, etc. This new operation system made it convenient for

passengers to transfer within an alliance, which promoted the development of

hub-spoke networks.

Bruckner and Spiller [1994] started to analyze the effects of hub-spoke networks on

user benefit. They pointed out that hub-spoke networks generate “economics of density”

because the network structure leads to the use of larger and more efficient aircrafts and

the convenience of higher flight frequency. Pels et al [2000] investigated the optimal

network and showed that hub-spoke networks are better than point-to-point when the

market size is large. Brueckner [2005], Alderighi et al. [2005], Flores-Fillol [2009] and

Silva et al [2014] studied the topic from various viewpoints, such as airport congestion,

competition between airlines and so on.

These researches have two problems. First, locations of hub airports are given

exogenously. Most researches assume that the airport in the largest city or located at
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the geographical central can be the hub airport. Owing to this assumption, it is

impossible to analyze the hub airport choice problem of airlines. Second, flight

schedules have been ignored, that is, previous papers assumed that all flights are at the

regular interval. However, departing time of flights affects passengers’ scheduling delay

cost which is one of components of “full price”.

1.3.3. Innovative contribution of my thesis

The main purpose of my thesis is to explain what kind of distortion exists in the pricing

strategy of airports and the network choice of airlines, and provide prescriptions by

which policy makers make air-transportation market more efficient. In order to achieve

the purpose, I relax some of assumptions which are set in previous papers. In chapter 2,

I establish the model where locations of airports and populations of cities are arbitrary,

which enable me to analyze the welfare loss for each origin-destination market. In

chapter 3, the location of hub airport is determined endogenously, which allow me to

investigate competition between airports for the hub position. In chapter 4, I focus on

flight schedules to study the condition where airline competition should be introduced

in terms of social welfare.
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1.4. Plan of the Thesis and Preview of Results

This thesis proposes different models to answer various research questions and provide

policy implications. Chapter 2 and 3 investigate pricing strategies of private airports.

Chapter 2 studies airports in a hub-spoke network. The network is given exogenously

while locations of local airports and population of local cities are arbitrary. Chapter 3

deals with airport competition for hub position. The model treats network endogenously

by considering airline’s decision on its route, and captures the strategy of each airport to

be hub.

Chapter 4, which consists of both empirical and theoretical parts, analyses the effects of

airline competition on flight schedules and social welfare. The empirical part checks the

relationship between the competition and un-evenness of flight schedules. Then, the

theoretical part clarifies the condition in which monopoly is better than competition for

the social welfare. The basic setting and main results of each chapter are followings.

1.4.1. Airport Pricing of Private Airports in an Asymmetric Hub-Spoke

Network

10
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The purpose of Chapter 2 is to investigate pricing strategies of private airports in the

asymmetric hub-spoke network. In the model, the hub-spoke network consists of one

hub airport and the arbitrary number of local airports. The hub airport charges the

different amount of airport fees on its departing passengers and transit passengers. The

airline provides flight services and consumers decide their demand for air-travel

according to the generalized cost.

The summary of results is following. First, local airports which are far from the hub set

their airport fees low. This is because the demand from a spoke airport gets smaller as

the distance between the spoke and the hub increases, due to the airline’s high

operating cost and high airfare. Second, the hub airport lowers its transit fee when the

hub airport gathers transit passengers from local airports which are far from the hub.

Transit passengers from distant local airports pay high airfare. Therefore, the hub

needs to offer the discount of transit fee to increase transit demand.

Finally, we propose the policy implication from the viewpoint of price discrimination. In

real, the hub airport applies the single transit fee to all transit passengers. However,

the social welfare can be improved by allowing the hub airport to charge different

transit fees according to the original local airports of transit passengers.

11
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1.4.2. Price Competition of Airports and its Effect on the Airline Network

The purpose of Chapter 3 is to investigate price competition between two airports for

the hub position. Especially, we clarify the mechanism; why relatively small airport (e.g.,

Singapore Changi airport in ASEAN region or Frankfurt airport in Germany) can be the

hub of a network. We construct the model that includes the following two features: i) the

airline can choose its network configuration (point-to-point or hub-spoke) and ii) two

airports compete for airport charges by considering the airline’s choice.

The summary of results is following. First, the relatively small airport is aggressive to

discount its airport fee to be hub since small airport can increase its demand greatly by

acquiring transit passengers. This is the reason relatively small airport is chosen as the

hub airport. Second, a hub-spoke-network (point-to-point network) is realized if the

fixed cost of an international flight is small (large) and the distance between two

airports is short (long).

Finally, we compare the equilibrium network and optimal network to capture the

network distortion by the airport competition. We find that a point-to-point network is

more likely to be realized in equilibrium than in optimal, and that the relatively small

airport shouldn’t be the hub in optimal. To solve these distortions, we propose political

12
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implication that both the under and upper limit regulations on airport fees are needed.

1.4.3. The Effects of Airline Competition on Flight Schedules and the Social

Welfare

The purpose of Chapter 4 is to investigate whether the new entrance and airline

competition improve the social welfare or not. In general, it is thought that competition

leads to lower price, and government should introduce and promote competition.

However, by taking into account flight schedules, we may find the case in which

competition harms the social welfare.

At first, we construct the empirical model to study the relationship between airline

competition and un-evenness of flight schedules. Next, we develop theoretical model to

clarify the condition in which monopoly is better than competition for the social welfare.

The summary of results is following. First, airline competition leads to un-even flight

schedules. This un-even schedule raises schedule delay cost (the valuation of the time

difference between the desired departing time and the actual departing time). Second,

the increment of schedule delay cost is large for routes with low frequency. This means

that the negative effect of competition is large for such routes. Third, monopoly is better

13
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than competition for routes with low flight frequency and vice versa. This is because the

negative effect (increasing schedule delay cost) dominates the positive effect (lowering

airfares) in low frequency routes. Therefore, government should keep monopoly for

low-demand local routes.

14
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Chapter 2
Airport pricing of private airports

in a Asymmetric Hub-Spoke Network

2.1. Introduction

After the liberalization in the aviation industry, the networks of airlines changed from
the point-to-point to the hub-spoke design. As a result, passengers departing from
airports at a spoke node (local airport) now have to transit at a hub when they travel.
This transit at the hub imposes some additional costs on passengers from local airports.
Therefore, transit passengers incur larger trip cost than those departing from hub
airports. The cost related to the transit may include the airport fee payment; that is,
transit passengers have to pay the airport fees at the departing local and hub airports.
However, hub airport operators offer a discounted fee for transit passengers. Figure 2-1
summarizes the ratio of the discounted transit airport fee against the departing airport
fee for the five largest airports in Europe in 2011: London Heathrow (LHR), Charles de
Gaulle (CDG), Frankfurt (FRA), Amsterdam (AMS) and Madrid (MAD). In Figure 1, the

degree of the discount differs among these five airports: LHR offers the highest transit

15
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fee, 82% of the departing fee, while MAD offers the lowest, 53% of the departing fee.

Here, the fees include both airline fees (landing fees, noise charges and parking

charges) and passenger fees (the Passenger Service Facility Charge (PSFC) and

Passenger Security Service Charge (PSSC)). The object of discount is the latter.

The formation of the hub-spoke network may also affect the local airport fee. Figure 2-2

shows the relationship between the fee of European airports and the minimal distance

to the five largest airports in Europe: LHR, CDG, FRA, AMS, and MAD. Each dot

represents an European airport with more than one million passengers in 2011, while

the bold line in Figure 2-2 represents the fitted line. The fitted line may suggest that the

airport fee decreases as the minimal distance to the major hubs increases. This chapter

aims to clarify the mechanisms of the data presented in Figures 2-1 and 2-2; that is, (i)

why do local airports, which are farther from the hubs, set their airport fees lower and

(ii) what is the determinant of the discount rate for the transit passengers offered by

hub airports?

16
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Figure 2-1: The ratio of the transit fee against the departing fee*
*This figure compares the fees of departing and transit passengers from a B787 passenger jet (280
seats). To compute the fees, we use the IATA Airport, ATC and Fuel Charges Monitor (IATA, 2013) and
set several assumptions: the aircraft utilises the parking for three hours during the daytime; the

loading factor is 71%; and the MTOW (Maximum Takeoff Weight) is 301 t.
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Figure 2-2: The relationship between the airport fee and the distance to the hub*

*: This figure demonstrates the departing fees for passengers boarding a B787 passenger jet (280

seats) for European international airports, which are appeared in the IATA Airport, ATC and Fuel

Charges Monitor (IATA, 2013). In computing the airport charges, we set the same assumptions as in

Figure 1.

Silva and Verhoef (2013), Silva et al. (2014), Pels and Verhoef (2004) and Czerny and

Zhang (2015) examined welfare-maximizing public airports. These studies showed that

optimised airport charges internalize congestion externalities and correct the

inefficiency caused by airlines’ market power exertion. However, research focused on

private airports is needed because many airports all over the world, especially in the

United Kingdom, have been privatized, or undergoing the process of privatization.
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Focusing on the private airport setting, airport competition is the largest concern. Teraji

and Morimoto (2014) explained the mechanism whereby airports in relatively small

cities are chosen as hub airports by the model in which two airports compete for the hub

position. Kawasaki (2014) studied price discrimination strategy of two competing

airports. Czerny et al. (2013) focused on competition between two ports in two countries

for demand in a third region. These studies have a problem in which they assume a

symmetric network or focus only on one or two airports.

We develop the model with private airports in an asymmetric hub—spoke network to

analyze how distance between the hub and spoke airports affects airport charges. In the

model, spoke airports locate at an arbitrary distance from the hub and the number of

local airports is also arbitrary.

The rest of this chapter is organized as follows. In Section 2.2, we describe the model,

which is used to clarify the reason why local airports that are farther from the hubs set

their airport fees lower and what affects the discount rate for the transit passengers at

hub airports. In Section 2.3, we solve the game among airports and compare the

analytical results with some stylized facts described above. In Section 2.4, we derive the

welfare effect for each local market and analyse how the distance to the hub affects the

welfare loss of each market. In Section 2.5, we suggest the discriminatory pricing policy
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to improve the social welfare. Finally, Section 2.6 states concluding remarks.

2.2. The Model

Let us consider a situation in which an airline connects S+ 1 airports with a foreign

country by forming a hub-spoke network as shown in Figure 2-3.3 In Figure 2-3, y,

represents the distance between the hub and each spoke s, and we normalize the

distance between the hub and foreign country to 1. Hereafter, we refer to the hub

airport as Airport h, each local airport as Airport s (s =1,2,..,5), and City i (i =

hand1,2,,S) is the city in which Airport i is located. The population of City 1 is

represented by n; and we normalize the population of City Ato 1, n;, = 1.

3 Long-haul flights from Airport h to the foreign county represent flights such as those from Europe
to Asia or to the United States.
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Airport

Distance:

Foreign country

Distance:
Airport h

Figure 2-3: Hub—Spoke Network

The economy has three agents: airports, airline, and consumers. The sequence of

decisions among these agents is as follows. First, all airports set their airport fees

simultaneously to maximize their revenue. Second, the airline sets its fares to maximize

its profit. Finally, consumers in each city decide their demand for flights to the foreign

country. Hereafter, we trace the decision-making process.

The demand for air services is

dh =1- Pn — Qg4 (11)

d; =n,(1—ps—a; —ag) for s=1,2,..5, (1.2)

where p; denotes the airfare. a; and a; denote the airport fees of the hub for the

departing passengers and for the transit passengers, respectively. We call the former
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“departing fee” and the latter “transit fee.” In Eq. (1.2), a, is the airport fee of a local
airport. Hereafter, we refer to passengers departing from Airport h as “hub passengers”
and passengers departing from Airport s as “local passengers.”
The airline creates the hub-spoke network and provides two types of flights, connecting
flights between Airport h and each local airport, and direct flights between Airport A
and the foreign country. We assume that the airline’s operating cost is proportional to
the passenger-kilometer. Specifically, operating cost per passenger is cy, for the
connecting flight and ¢ for the direct flight. The total operating cost is
s
C=cdy+ 2(1 +y.)ed,. @)
s=1

The first term is the operating cost for shipping hub passengers and the second term is
the operating cost for shipping local passengers. Here, we assume that the airline does
not pay airport fees. In reality, while airlines pay airport fees such as landing, aircraft
parking, and handling fees, they are shifted onto passengers through the airfare.
Therefore, the equilibrium demand and social welfare are given just as functions of total
airport fees (= the sum of all the fees levied by airport operators). Therefore, in our
model, only passengers pay airport fees. Similar assumptions are used in Oum et al.
(1996) and Kawasaki (2014).

Using (2), we obtain the airline’s profit as
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s
7= @n - Odi+ ) [ps— (14 7)clds 3
s=1
The first term is the profit from hub passenger and the second term is the profit from

spoke passenger. The airline sets its airfare p; to maximize profit:

maxrt.
Di

We obtain airfares from the first-order conditions as follows:

1+c—ay
Pn = 5 (4.1)

1+ +y)c—a;—ag

Ps = > (4.2)

Substituting these two equations into equations (1), we rewrite the demand as a

function of airport fees, a;, a;, and ay:

l1—-c—ay
dp =————, (5.1)
2
ngll—(_A+y)c—a—a
ds — s[ ( ys) t s)] (52)
2
Each airport levies airport fees on passengers. Total fee revenue is computed as
s
Rh = addh + atE dS' (61)
s=1
R, = a.d,. (6.2)

The first term of (6.1) is the revenue from hub passengers and the second term is

from local passengers. We ignore airports’ operating cost; therefore, private airports

set their airport fees to maximize their fee revenue, that is,

max R;.
a;t;
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2.3. Equilibrium

This section derives the equilibrium airport fees in the hub-spoke network.

Furthermore, we verify the stylized facts given in Figures 2-1 and 2-2; specifically,

whether the distance to the hub affects the airport fees of each local airport and

whether the hub operator reduces its transit fee as the network size expands. In

Subsection 2.3.1, we solve the game among airports, and Subsection 2.3.2 uses this

solution to check if the two stylized facts work in our setting.

2.3.1. Equilibrium Airport Fees

Solving each airport’s revenue maximizing problem, we obtain the best reaction

functions as follows:

as(ay, ...

ag =

Jas) =

as (at) =

1-c¢
7.1
—, (7.1
1-c 1 Z§=1asns
— =y +=—=————|, 7.2
2 2 <C]/ " §:1ns 72)
1-(1+y)c—a; (7.3)

2

Here, 7 = Y5_,n.¥s/Ys_1 ng is the population-weighted average distance between the
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hub and local airports. See appendix A for the derivation of the best responses and

equilibrium airport fees. According to equations (7), we obtain Lemma 1:

Lemma 1

The transit fee of the hub and the airport fee of local airports are strategic

substitutes.

For local passengers, airport services at the hub and each local airport are

complementary goods. Therefore, if one airport increases its fee, the other airport has to

decreases its fee.

By solving equations (7), we obtain the equilibrium airport fees as

1-c

ag = 2 , (71)
1-(1+7y)

A =—Z2"" (8.1)
1—-c 1

as=——+2c(y = 3v). (8.2)

2.3.2. Pricing Strategies of Private Airports
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In this subsection, we discuss pricing strategies by focusing on the distance. We start
with airport fees of local airports. Hereafter, Airport s~ is farther from the hub than

Airport s, thatis, y > ys. From (8.2), we obtain

as; —a =%(7_3Vs)_%(7_373’)

’
N

Cc

= E(YS’ —Vs) > 0.

This result is summarized in Proposition 1.

Proposition 1

Airport fees of the local airport decreases as the distance to the hub, ys, Increases.

Demand for connecting flights decreases and becomes more elastic as the distance
between a local airport and the hub increases because airfares become higher due to the
airline’s higher operating cost. Therefore, the local airport lowers its airport fee to boost
demand. This result explains the fitted line in Figure 2-2. When the distance to the hub
is long, the local airport chooses the lower airport fee, which offsets the higher airfare
and increases the demand.

We move to pricing strategies of the hub airport and investigate the discount for transit

passengers. According to (7.1) and (8.1), we obtain the ratio of the transit fee to
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departing fee as follows:

a, 2 2c

o 3 30-0" ®)

Differentiating (9) with respect to 7, we obtain Proposition 2.

Proposition 2
The ratio of the transit fee to the departing fee decreases as the weighted average

distance, y, increases.

The hub lowers its transit fee and compensates for higher airfare of local routes to
attract more transit passengers when local airports are located far from the hub. On the
other hand, the departing fee is independent from the location pattern of local airports.
Therefore, the transit fee gets relatively small compared to the departing fee as the
average distance becomes large. Note that in Figure 2-1, the discount ratio of MAD is
the lowest among the five largest airports. This can be interpreted as follows. Since
MAD locates at the fringe of Europe compared to the other four airports, the operator of
MAD discounts the transit fee more than the others to attract more transit passengers

from local airports.
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2.4. Welfare Analysis

This section clarifies the effect of distance to the hub upon the social welfare for each
local route. To deal with this problem, we designate Route s as the route from Airport s
to the foreign country via the hub. We define the social welfare for Route s as the gross
consumer benefit minus the social cost.
1
W = E (1+pstatag)ds —(1+ys)cds. (10)
The first term is the lower part of the inverse demand function and the second term is
the operating cost. The social welfare in the equilibrium is
1
Wy = — (21X, + Y)(3X; — V)n,. (11)
288
Here, X;,=1—c—cy; and Y =1—-c —cy.
At the optimum, airfare should be equal to the airline’s marginal cost, and airport fees
should be zero. Therefore, the social welfare in the optimum, W?, is
1
W == XZn,. (12)

See Appendix B for the derivation of these social welfare functions. The welfare loss is

Wpe — W, and we define the welfare loss ratio on Route s as

_ W -wy
BS:W—;’

_ 1 81+18Y+Y2 (13
144 X, X2) )
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This ratio indicates the degree of market distortion. A large 6; means large welfare loss
and large market distortion.

To analyze the relationship between the welfare loss and the distance, let us compare
the two local airports, s and s’ (v, >7¥s). From (13), we can state

<0.

6, — 0, =— 18(1 1>Y+1 L)y
STV T a4 | \X, T X, Xz X2

Since, y¢ >y , then Xg=1-c—cyyg <Xs=1—c—cys - therefore, 6, <6y .

Summarizing this, we obtain Proposition 3.

Proposition 3

The welfare loss ratio, 0, increases as the distance between the hub and local airport,

ys, Increases.
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Fare, Cost

Demand function

NBF —
Welfare Loss

Marginal Cost

Figure 2-4: Welfare Loss for Route s

This result is derived from the hub’s transit fee which is identical for all transit

passengers. To clarify this mechanism, we define the “Net Benefit of the First trip

(NBF,)” and the “Total Markup (TM,).” NBF, captures the net social gain of the first trip

along Route s, which is computed as the highest willingness to pay (equal to unity)

minus marginal cost of the flight operation, (1 + y,)c. Thatis, NBF, =1 — (1 + y,)c. TM,

captures the aggregate private gains of the airline, the hub and Airport s: that is,

1+a;,+a,—1+y)c
2

TM; = [ps -1 +]/S)C] tagt+as=

_1—(1+7)c+9{1—(1+ys)c}_ Y +9XS
B 12 12 12 12°

(14)

In Figure 2-4, the area CDE is the welfare loss and the area ABE is the social welfare in

the optimum. Since the slope of the demand curve is unity, according to Figure 2-4, the
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welfare loss ratio is written as 6, = (TM;/NBF,)?. While both TM; and NBF, decreases
in ¥, the decrease of TM; is less significant than NBF, due to the identical transit fee
at the hub. Therefore, 6, is increasing in y;.

In this section, we analyzed social welfare for each route under the identical transit fee.
Next, we evaluate the welfare effect of the “discriminatory fee scheme” under which the

hub can set different transit fees for each route.

2.5. Discriminatory airport fee policy

Proposition 3 shows that the relative welfare loss is increasing with the distance to the
hub due to the uniform transit fee at the hub. To avoid the welfare loss due to the
uniform transit fee, we consider the case where the hub can set its transit fee for each
local route separately according to the demand elasticity. We call this case
“discriminatory fee case.” In this case, the hub’s revenue maximizing problem is reduced
to maximize the fee revenue for each route. That is,

max a; ¢ d.
ats

Here, a;; is the transit fee for Foute s passengers. The best response is

1-A+y)c—ag
> :

at,s(as) =
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Using the spoke’s best response, (7.3), we obtain the transit fee as

1-(1+y)c
afs =ad = —

In the discriminatory fee scheme, TMZ is computed as:

5{1 - (1 + )/S)C} _ %

TM{ = [ps = (1 +ys)cl + afs +af = g e

(15)
In contrast, the total markup under the uniform fee scheme, TM¥, is computed in Eq.
(14). In comparison of these two,
TMY — TME = % + % —% = —C(Vi; 2]

This indicates that, for the routes where y, > y, the discriminatory fee scheme improves
the economic welfare. This is because, in these routes, the discriminatory fee scheme
results in the airport fee payments reduction4 and the lower total mark up. In contrast,
due to the rise in the airport fee payments, the economic welfare of the routes for y, <y
1s decreased when the discriminatory fee scheme is introduced.

Next, we focus on change in the welfare loss of the entire network. Because the welfare

loss for each route is expressed as the triangle CDE in Figure 2-4, the loss for each route

4 The differentials in the fees incurred by transit passengers in two cases are computed as:

u da 1 =
g — Qs = §(YS -7,

u da 1 2
as — Qs =E(V_YS)C.

Superscripts u and d indicates the uniform fee and the discriminatory fee cases, respectively. Also

note that the fees under the uniform case (with the superscript u) are derived as in Egs. (8).
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is calculated as n,TM?2/2. Aggregating the loss for all routes, the differential in the

welfare loss of the entire network under the two alternative fee schemes is computed

as®

S g (ngl2 - TM;‘Z)
AWL = z > : (16)
s=1

If this sign is negative, the discriminatory fee scheme is more efficient than the uniform
scheme; that is, the discriminatory fee scheme improves the economic welfare. To obtain
a clear result, we assume that all local cities have the same population, that is,

n=n,; =n, = - = ng. We rewrite Eq. (16) as:

ASW = nco? >0, (17)

288S

where o2 is the variance of y; [see Appendix C for derivation of Eq. (17)]. This result is

summarised as follows:

Proposition 4

When all the local cities have an identical population size, the discriminatory fee

scheme is more efficient than the uniform scheme in terms of the entire welfare.

5 Since, under the two alternative fee schemes, the hub passengers incur an identical airfare and
airport fee, the loss at the hub airport remains at the same level; therefore, we ignore the change in the
loss at the hub.
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As shown in Proposition 4, when all the spoke cities have an identical population size,

the policy maker can improve social welfare by allowing airports to discriminate

passengers in setting airport fees. However in reality, price discrimination is banned in

many countries. For example, the EU Airport Charges Directive (2009/12/EC) prohibits

differentiated fees to airlines using the same service. In the US, airports are compelled

to offer same fees for same service by 2013 FAA’s Policy Regarding Airport Rates and

Charges. Since these restrictions harm social welfare, we suggest that the

discriminatory fee scheme should be introduced based on our results.

2.6. Conclusion

In this chapter, we analyzed airport pricing in an asymmetric hub-spoke network and

obtained three results. First, the airport fees of a local airport decreases as the distance

to the hub increases. This is because the demand from the local airport gets relatively

smaller as the distance between the local and the hub increases, due to the high

operating cost and airfare. Second, the ratio of the transit fee to the departing fee

diminishes as the weighted average distance increases. Demand of a local route is a

decreasing function of the distance. Therefore, the hub lowers its transit fee in attempt
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to boost the demand for transit services when local airports locate far from the hub at

average. Third, the welfare loss ratio increases as the distance between the hub and

local airport increases. The mark-up ratio of a long local route is large due to the

identical transit fee. According to the large mark-up ratio, the welfare loss ratio also

becomes large. Moreover, we showed the possibility that the discriminatory fee scheme

improves the social welfare.

We need to extend our model in two aspects. First, we should consider airport groups

and alliances among airports. If some airports are in one group or operated by a parent

company, airport operators try to maximize the total profit of their group or company.

Second, we should establish a model in which network structures are endogenous. It is

often observed that some large airports compete for hub positions. Such competitions

lead to discount of airport fees. In chapter 3, we tackle the second extension, i.e.,

endogeneity of the airline networks and analyze competition between airports.
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Appendix A: Derivation of best responses

We differentiate (6.1) with respect to a, and ¢, and the first order conditions for the

revenue maximization problem are:

ORn _ g 1+a,2% _ Al
aad T da aad - ( ' )
aRh—zs:d+ Sads—o A2
aa - S at aa - Y- ( . )
t o531 s=1 ¢
Here,
ady, 1
—_—=—— A3
aad 2 ( )

We differentiate (6.2) with respect to the total fee, a,, and the first order condition is

AL L A4
aas - Us aS aas - M ( . )
Here,
dd, 0d 1
2 2= —Cn. (A.5)

dag zaat T2

We arrange (A.1), (A.2), and (A.5) for a4, a;, and ag using (A.3) and (A.5) and obtain

1-c
ag — =0, (A.6)
2
s s s s
a asn

%2n5+2 SZS—(l—c)Zns+c2ysns=O, (A.7)

s=1 s=1 s=1 s=1

1-(1+y)c
at+as—%=0 (A.8)
Solving (A.7) for a,, we obtain

1-c 1 _+Z§=1asns A9
a; = > > cy §:1ns . (A.9)
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Here,
— Zg:l NgYs
VESs
s=1"s
Solving (A.8) for a,, we obtain
1-A+y)c—a;
as = 5 :

Appendix B: Derivation of social welfare

(i) The social welfare in the equilibrium

Plugging (1) into (11), we delete d, and obtain

1
W = E(1+ps+at+as)_(1+ys)c (1_ps_as_at)ns-

Plugging (4.2) into (B.1), we delete ps and obtain

VVS* = [3_3(1+ys)c+at+as][1_ (1+Vs)c_at_as]n3'

| -

Plugging (8.1) and (8.3) into (B.2), we delete a, and a, and obtain

1
Wy = 88 (22 —22¢ — 21y,c — y¢)(2 — 2¢ — 3ysc + yo)ng

1

= —og (21X + V)(3X; = V)ng.

Here, X;,=1—c—cy; and Y=1—-c—cy
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(ii) The social welfare in the optimum condition

Conditions for the optimum are that airfare should be equal to the airline’s marginal
cost and that airport fees should be zero. Under these conditions,

a;=a;=as; =0, (B.4.1)

ps = (L+vs)c. (B.4.2)
And then, the demand in the optimum is

dy = ng[1— (1 +ys)c]. (B.4.3)

Plugging (B.4)s into (11), we obtain the welfare function in the optimum as

1
VVSO = 5(1 —Cc— Cys)ns

= Estns'

Appendix C: Comparison of two airport fee schemes

The difference of the social welfare under both schemes is

1
AWL = E“Z[(TMg)Z — (TM¥)? ]

N

1
= EnZ(TMg + TM¥)(TME — TMY). (C.1)

N

Here,
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1
TME& + TM¥ = E(ZO —20c — ¢y — cys),
da u 1 Y2
TMg —TMg = E ¥ = ¥s)-

Substituting them into Eq. (C.1) and we obtain

1 _ i}

AWL = —n Y [(20 = 20c — c7 — cy5) (7 — ¥5)]

288
S

1

288 [Cys 20(1 - C)Vs - CVZ - 20(1 - C)V]

=2_88"[‘32Vs —20(1—6)2)/5—&)/ +20S(1-o)y|.  (C2)

Because n = n; = n, = -+ = ng, we rewrite the weighted average distance as:

_ XsYs _
7= ‘;S@EyS:Sy.
S

We simplify Eq. (C.2) as:

AWL —ﬁn<02ys Scy )

— 1 ne ZS]/S _ -2
2885 s 7

nco? > 0,

~ 2885

2
where 02 = (25% — )72) > 0 1is the variance of y;.
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Chapter 3
Price Competition of Airports and its Effects on Airline

Network

3.1. Introduction

In recent decades, liberalization of the aviation industry has been practiced through
airport privatization, airline deregulation, and “Open Skies” agreements. Airport
privatization has caused airport operators to focus on the profits from their airports
more significantly than those before such privatization while airline deregulation and
Open Skies agreements have loosened constraints on carriers’ network choice.
Observing these several changes in the aviation industry, Graham (2008) claims that
carriers consider low airport charges as a key factor in their decisions regarding the
airports to which they will provide flight services. This indicates that airport operators
may have incentives to discount their airport charges in order to be selected as a flight
destination or a hub airport. In fact, Kuala Lumpur International Airport (KUL)
introduced a discount program in which landing fees for new routes and increased

frequencies are discounted 100% for three years. This KUL program has a significant
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effect on the carriers’ network choices:®é for example, in 2013, Turkish Airlines launched

direct flight service between KUL and Istanbul instead of the former one-stop service

via Bangkok. This shows that operators can induce the carrier to form a favorable

network for them by discounting their charges.” In this chapter, we focus on the

following issues: 1) whether airport operators discount their airport charges; ii) if so,

when does price competition between airports occurs? By dealing with these questions,

we investigate the problem how such discounts and competitions affect network

structures.

After the seminal works of Starr and Stinchcombe (1992) and Hendricks et al. (1995),

several studies have focused on the carrier’s network choice (for example, Brueckner

2004; Kawasaki 2008; Flores-Fillol 2009).8 More specifically, these papers focused on

the carrier’s tradeoff between the hub-spoke and point-to-point networks, namely the

scale economy of the hub-spoke network (density and distance economies) and the

additional operating costs for providing connecting flights. Although Graham (2008)

6 Indeed, as a result of this program, KUL has experienced a significant increase in the number of
passengers (from 21 million in 2004 to 40 million in 2012), which is much faster than Singapore
Changi Airport and New Bangkok International Airport.

7 Consequently, the price competition among airports is observed in several regions. In East Asia, for
example, Narita International Airport (NRT) cut its charges in 2013 to enforce competitive power
against Incheon International Airport, which offers lower airport charges to carriers than NRT.

8 Brueckner (2004) analyzes the topic using three airports and a monopolistic carrier model. The
carrier chooses a hub-spoke network when the fixed cost for a flight is high relative to the marginal
cost for a seat and when passengers place a high value on flight frequency. Kawasaki (2008) extends
the model of Bruechner (2004) by introducing the heterogeneity in value of time among passengers,
leisure, and business demands. Flores-Fillol (2009) extends the model by considering the duopoly case
and shows that asymmetric equilibria may arise, namely one carrier chooses a point-to-point network
while the other chooses a hub-spoke network.
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claims that the airport operators’ choices are additional key determinants in the

network choice of carriers, these papers ignore the behavior of operators. In addition,

the pricing policy at airports itself is another topic that is drawing attention (Oum et al.

1996; Brueckner 2002; Pels and Verhoef 2004; Zhang and Zhang 2006; Morimoto and

Teraji 2013). These studies that deal with the pricing policy presume the carrier’s

network is fixed, and focus on its direct effect on the hinterland’s welfare. The airport

pricing policy, however, may indirectly affect the welfare of its hinterland through the

change in the carrier’s network.® To capture this effect, it is important to focus on

competition among airports, and this type of competition has also been studied. Most of

studies in this strand (Pels et al. 2000; De Borger and Van Dender 2006; Basso and

Zhang 2007; Mun and Teraji 2012) focus on the competition between airports in a

relatively small region (for example, airports in a metropolitan area). Therefore, the

carrier’s network choice, point-to-point or hub-spoke, is not considered. Competition in a

relatively large region (for example, airports in multiple countries) is studied in

Matsumura and Matsushima (2012) and Czerny et al. (2013). These studies deal with

competition between countries for the infrastructure operation, but the carrier is not

allowed to choose its network configuration.

9 Congestion and the carrier’s network choice are studied in Fageda and Flores-Fillol (2013). However,
they deal with the effect of the carrier’s network choice on congestion.
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We establish a model that enables us to investigate the interaction between airport

competition and the carrier’s network choice. Specifically, we focus on multiple airports

that are competing in a specific region: for example, the airport competition between

Narita International Airport and Incheon International Airport in the East Asian region.

The monopoly carrier provides international flight services from a continent, for

example, East Asia, to another continent such as the United States or Europe. When

providing the service, the carrier chooses one of two networks: i) it directly connects all

airports in a region with the final destination (point-to-point) or ii) it directly connects

one of the airports in a region (the hub) to the final destination and provides connecting

flights between the hub and the other airports (hub-spoke). In the model, the airport

operators first set their airport charges and second, the carrier decides its network

configuration. Therefore, each operator considers the carrier’s network choice when in

setting the charges. By employing this model, we deal with the question of how the price

competition among airports distorts the carrier’s network choice. In addition, through

the analysis, we also show the distortion by the private operation of the airports.

The remainder of this chapter is organized as follows. Section 3.2 describes the model

while Section 3.3 focuses on the optimal network, which is the reference for the

comparison with the equilibrium network. Section 3.4 derives the equilibrium network
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in which airport operators compete via airport charges, and Section 3.5 evaluates the
welfare effect of airport competition by comparing the equilibrium network with the

optimal one. Finally, Section 3.6 provides some concluding remarks.

3.2. The Model

3.2.1. The Basic Setting

Suppose that an economy consists of two cities: Cities 1 and 2. Residents in each city
travel to the foreign country in another continent using the airport at their residence.
We assume that each airport is operated by a private firm, and we call operator 7 the one
who manages Airport 7. A monopoly carrier provides the intercontinental air service
from these two airports to the foreign country. When providing the intercontinental air
service, the carrier makes a network choice (point-to-point or hub-spoke). The carrier
also determines which airport would be the hub if it chooses the hub-spoke network.
Figure 3-1 summarizes the three possible network configurations. In Figure 3-1,
network P1is the point-to-point while network H; corresponds to the hub-spoke case in

which Airport 7 ( = 1, 2) is the hub. Moreover, note that 1, and I in Figure 3-1
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represent the distance between Airports 1 and 2, and the distance from Airport i to the
foreign country, respectively. In addition, we assume that |, <l , and we normalize

the distance between Airport 1 and the foreign country to unity, | =1.

Foreign Country (FC)

Airport 1

Airport 2

Foreign Country (FC) Foreign Country (FC) Foreign Country (FC)

Direct Flights Direct Flights Direct Flights Direct Flights

Airport 1 Airport 2 Airport 1 Airport 2

Network P Network H; Network H,

Figure 3-1: Three Alternative Network Configurations

Our model has three types of economic agents, the two airport operators, the monopoly
carrier, and households. These three types of agents determine their choices in the

following sequence. First, two airport operators simultaneously set their respective
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airport charges. At the second stage, given the choices of airport operators, the
monopoly carrier determines its network configuration, &V, and airfares for users at the
two airports, p. Finally, the households in each city decide whether to travel to the
foreign country from the airport near their residence.

We assume that intercontinental air service demand is inelastic. That is, households in
each city travel to the foreign country once unless the airfare, P;, exceeds the
reservation price. In addition, all households have a common value of the reservation
price, and it is normalized to unity. Therefore, the aggregate demand for the

international air service at City 71is

. ifp, <1
{n. if p, @

0 otherwise,
where N, is the population of City 7. To simplify the analysis, we normalize the total

population of the economy N, +N, to one. In addition, N denotes the population of

City 1, and, without loss of generality, we limit our focus on the case where 1>n>1/2.
In the following subsections, we describe the carrier’s network choice and the behavior

of airport operators.

3.2.2. The Carrier
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When providing the air service, the carrier must incur three types of costs: the

operating cost, the airport charge payment, and the fixed cost for handling the direct

flight. We assume that the operating cost is proportional to passenger kilometers and

that airport charges are paid on a per-passenger basis. In addition, we assume that the

fixed cost is solely generated from the direct flights to the foreign country. This fixed

cost can be interpreted as the airport charge at the foreign country or as the cost related

to the long haul flights.10 In summary, the carrier’s total cost, C(N;a), under network

N (N =P, Hi, H) is given by

C(P;a)zicliFni+iaini+2F, (2.1)
i=1 i=1
C(H;;a)=(cl; +c|12nj)+Lai (1+nj)+ajan+ F,fori=12j=i, (22

where ¢, a;, and F represent the operating cost per passenger kilometer, the airport

charge per passenger at 7, and the fixed cost for handling the direct intercontinental

flights. In Equations (2), the first term of the RHS is the operating cost, the second term

1s the airport charge payments, and the third term is the fixed cost. Also note that these

equations show that the carrier can save the fixed cost by forming a hub-spoke network

instead of a point-to-point network since it can reduce the number of routes to the

foreign country.

10 This fixed cost includes the cost for additional crews (pilots and flight attendants) in order to
provide a daily flight to each of the long haul routes. For example, Japanese airlines allocate at least
two sets of crews for each intercontinental route, such as Tokyo to London and Tokyo to New York City.
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Since the market is under a monopoly, the carrier chooses the airfare, p;, that is equal
to the reservation price, p; =1. Therefore, given the airport charges a=(a,,a,), the
carrier determines its network configuration, N (N =P, Hi, H>), in order to maximize its
profit, 7(N;a):
7z(N;a)=1-C(N;a). (3
Let Ma) denote the carrier’s network choice, which is derived according to the following
problem:
N (a)=argmax z(N;a). 4)
Furthermore, the carrier provides the service at Airport 7 if the profit at Airport i,
7;(N;a), is non-negative.ll Formally, this condition is written as
7, (N;a)=n—-C,(N;a)>0. (5)
Here C,(N;a) is the total cost for providing the service at Airport 7 under network N:
C/(P;a)=C;(H;;a)=cln, +an +F, (6.1)
C,(H;;a)=(cl;e +cly, ) +(a +2a;)n;, fori=1,2, j =i (6.2)
Equations (6) show that in the case of the hub-spoke network, H,, the carrier allocates
the fixed cost of direct flights to the total cost at the hub, C,(H;;a). This specification

can be interpreted as follows. When choosing a hub-spoke network as its network

11 Since the demand at each airport is inelastic, the cross subsidy between the routes from the two
airports always lowers the carrier’s profit.
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configuration, the carrier first decides whether to provide the direct flight between the
foreign country and its hub. Then, it decides whether to provide the connecting flight

from the hub to the spoke airport.

3.2.3. Airport Operators

Each airport operator sets the airport charge in order to maximize the airport charge
revenue. Since the airport charges are paid on a per-passenger basis, the airport charge
revenue is proportional to the number of users. The number of Airport 7 (7 =1, 2) users,
m,, however, varies with the carrier’s network choice, N. To put it differently, we can
express the number of Airport 7 users as a function of the carrier’s network choice, NV
m, =m,(N). The number of Airport 7 users is equal to the population of its hinterland
when the carrier chooses point-to-point (N =P) or Airport 7 as the spoke airport
(N =H,): namely, m;(P)=m,(H;)=n;. If the carrier determines Airport 7 as its hub
(N=H,), m(H,)=n +2nj =1+ N; because n; users from the spoke airport, j utilize
the hub, i1, twice: for the arrival of the connecting flights and the departure of the direct
international flights.

When setting the airport charge to maximize revenue, each operator considers two
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conditions. The first condition is Equation (4), the carrier’s network choice, Ma). By
using Ma) and the number of Airport 7 users, M (N), the revenue of Airport 7 is
computed as

R(a.a;)=R(N(a))=am (N (a)). (7
The second condition is Equation (5), which states that each operator must assure that
the carrier earns a non-negative profit when setting its airport charge. Otherwise, the
carrier does not provide the service departing from the airport and the operator cannot

earn the revenue.
3.3. The Optimal Network

To evaluate the equilibrium network configuration, we first focus on the optimal
network configuration that maximizes the social surplus. The social surplus, SS (N),

under each of three networks, N, (N =P, i, and Hb) is computed as follows:

2

2 ) ,
SS(P):an (1_ pk)j{an(pk —Cle _ak)_ZFJ+anak :1—Cznk|k - 2F,
k=L = —

k=1

(8.1)
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2

SS(Hi):kZ:‘nk (1— pk)+sz:nk(pk_CliF _ai)_nj (CI12+ai+a2)_FJ+ai+niZak

k=1

=1-c(le +njl, )-F fori=12,j =i.

(8.2)
In Equations (8), the social surplus consists of three components: the consumer surplus,
the carrier’s profit, and the airport operators’ revenue. By summing these three
components, the airport charges and airfares are cancelled. In addition, since the
reservation price is constant, the optimal network is derived as the network that
minimizes the social cost of the air service. Furthermore, throughout this chapter, we
consider the case in which the direct flights from Airport 2 generate non-negative social
surplus, F <(1-n)(1—c).
First, we focus on two hub-spoke networks. In comparison of costs for the service
provision between the two networks, A1 and He, Lemma 1 summarizes the condition in

which network A assures a lower social cost than Ha:
Lemma 1

Let us denote Al =\ —|,. =1-1,. . Network H assures a lower social cost than

network He if Al <1,,(2n-1) ; otherwise, network Hz does.
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Proof:
The difference in the social surplus between networks A1 and He is computed as follows:
SS(H,)-SS(H,)=c(l,- —-1)+cl,(2n-1)=—cAl +cl, (2n-1),
where Al =1-1,. . Solving this for Al, SS(H,)>SS(H,) if
Al <l,(2n-1).

QED
In Lemma 1, the threshold, 1,(2n—1), is positive since N>1/2 while Al =1-1,.
shows the locational advantage of Airport 2 if Al >0. This indicates that from an
efficiency perspective, hubbing at Airport 2 is superior to at Airport 1 if Airport 2 has a
relatively large locational advantage compared to Airport 1 (that is, Al >1,(2n—-1)).In
contrast, the carrier should utilize Airport 1 as its hub instead of Airport 2 if the two
cities are equidistant from the foreign country (Al =0). Since the population of City 2 is
smaller than that of City 1, placing the hub at Airport 1 can save the operating cost of
connecting flights between the two airports.
In order to derive the optimal network configuration, we compute the threshold of fixed
cost, F=F°(P,H,) at which

sS(P)=SS(H,).
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For F<F°(P,H,), forming network Psaves the social cost; otherwise, it is network H.

According to the comparison of social surplus, F° (P,H,) is computed as:

SS(P)-SS(H,)=n;c(lx +l,—1;-)-F =0
& F=F°(P,H)=ngc(lp +l, -1, ) fori=12, j =i. 9)

By applying Lemma 1 and F°(P,H,), the optimal network configuration, N0, is

summarized as follows:

Proposition 1

1) When Al<1,(2n-1) , network Hi is the optimal network configuration if
F>F° (P, Hl) ; otherwise, it is network P

i) In contrast, when Al >1,(2n—1), network H: is the optimal network configuration

if F>F° ( P,H, ) s otherwise, it 1s network P

Proof:

See Appendix A.

In Equation (9), the threshold F°(P, H.) is equal to the incremental operating cost at
the spoke airport when the network is changed from P to H. Therefore, Proposition 1
states that forming the hub-spoke network is efficient if the fixed cost, #] is larger than

the incremental operating cost, F° (P, H,). In addition, as in Lemma 1, it is efficient for
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the entire economy to place the hub at Airport 1 if the two airports are equidistant from
the foreign country. However, when Airport 2 has a locational advantage (that is,
Al >1,(2n—-1) ), placing the hub at Airport 2 becomes the optimal network

configuration for F>F°(P,H,).

3.4. The Equilibrium Network

This section addresses how the equilibrium network is determined. Since the operators
first determine the airport charges, we solve the game among the carrier and operators
through backward induction. Subsection 3.4.1 deals with the carrier’s network choice:
namely, how the carrier determines its network configuration given the airport charges
at the two airports. Subsection 3.4.2 focuses on the behavior of airport operators. In
other words, considering the carrier’s network choice, this subsection explains how the
two operators set the airport charge. Finally, Subsection 3.4.3 describes the equilibrium

network configuration.

3.4.1. The Carrier’s Choice
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As in Equation (4), given the airport charges at the two airports, the carrier determines
its network configuration, N(a). When determining the network choice, the carrier
solves the following two problems: i) which network maximizes its profit; and ii) given
the network, whether to provide the service at each airport. In this subsection, we start
with the second problem: that is, given the network choice, N, whether to provide the
service at each airport. Under each of three alternative networks, N, (N=P,H;,H,),
the non-negative profit condition at Airport 7 (i=12) is given by ;(N;a)=>0.
Solving these conditions for the airport charge at Airport 7, a;,

7 (P;a)=7 (H;a)=n(1-cl. —a)-F >0
_F

<a <3(P)=a(H)=1-cl. fori=12, (10.1)

7 (Hja)=n, Ll—c(cljF +1,) - 2a —aiJZO

ea <a(a;H;)=1-c(l; +l,)-2a; fori=12,j =i. (10.2)
Equations (10) determine the upper bounds of airport charges for three alternative
networks. In other words, network /N becomes a candidate for the carrier’s choice as
long as Equations (10) are satisfied. In case of network P, for example, the carrier may
choose to provide the direct flight service to both airports if each of two airport operators
chooses a <@ (P).
Provided that Equations (10) are satisfied, the carrier determines its network

configuration, N(a), according to the comparison of the profits under the three
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alternative networks. Lemma 2 summarizes the carrier’s network choice, N(a).

Lemma 2

The carrier’s network choice, N (), is determined as follows:

P ifa (P)>a >4 fori=12
N(a)=4H, ifa,<min{4,4(a H)} and a, <&, (a; H,), (11)
H if a, <min{4,, 4, ( (H,)} anda, <& (a,;H,),
where
cll:+1, -1,
a= F_ (te b ’F)forizl,z,j;ti, (12.1)
2n 2
na, ne(li+l, =l )=nic(le +1,-1;)
o~ Y i jF 12 iF j iF 12 jF . . .
(a. )= fori=12, . .
a(a) " + n or i j#i (12.2)
Proof:
See Appendix B.

By using Lemma 2, we hereafter consider the case of &(P) >4, : that is, the carrier
always has three alternative networks for candidates of its network choice, Solving this

condition, & (P)>§,, for F, it is rewritten as follows:

n(l—n)LZ(l—c)+cI12Jl
1+n;

(13)

a(P)-4>0=Fc<

Together with the assumption such that F <(1—-n)(1—c), we denote by F , the upper
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bound of the fixed cost:

n(1-n)| 2(1-c)+cl, | n(1-n)[2(1-c)+cly, |
1+n ’ 2-n '

F =min{(1-n)(1-c),

In summary, hereafter, we derive the equilibrium network configuration in case of

F<F.
a; a; = d;(az) or a; = dx(ay)
7’
I\ et
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Figure 3-2: Carrier’s Network Choice in the Case of |z =1,¢
Figure 3-2 summarizes the carrier’s network choice in (@,,8,) space in the case of

L =L =1 and &(P)>4 . As shown in Figure 3-2, for sufficiently large value of

airport charges (that is, & >48, and a, >@,), the carrier chooses network P. This is

57



Chapter 3. Price Competition of Airports and its Effects on Airline Network

because (under this circumstance) the carrier can save the airport charge payment for
connecting flights by forming network . In contrast, the carrier chooses one of the two
airports as its hub if one operator offers a relatively low airport charge compared to the
other airport. For example, the carrier determines network H: as its network
configuration if the operator of Airport 1 sets the airport charge within the range of
8,<4 and & <&(a,).

Lemma 3 summarizes how the change in the parameter values affects the domain of

each network in Figure 3-2:

Lemma 3

1) The domains of networks H; and Hz expand as the two airports are located closer or as
the fixed cost for the direct flight increases;

11) The domain of network H; expands as the population of City 1 increases;

117) The domain of network H» expands as Airport 2 is located closer to the foreign

country.

Proof:

By differentiating Equations (12) with respect to %, l,, n, and Al, Lemma 3 is

58



Chapter 3. Price Competition of Airports and its Effects on Airline Network

confirmed. For part i),

%:—E<Oand%:i 0
al, oF 2n,
For part ii),
A A a, (a
g9, __ F = >0, 0% __ F2<O, and a( 2)= 2na22+ Chy >
on 2(1-n) on2n on (1-n)" (1-n)
For part iii),
4 A 04, (a
B g gyl ¢ g
oAl 2 oAl 2 oAl 2(1—!‘\)
QED

Part 1) of Lemma 3 indicates that two parameter values, l;, and F affect the carrier’s
tradeoff between the point-to-point and hub-spoke networks. Namely, a decrease in the
distance between the two airports, |,, expands the domains of A and Ha because of
the reduction in the additional operating costs for connecting flights. An increase in the
fixed cost, F, also widens these domains since providing the direct flights at the two
airports becomes more costly.

Part ii) of Lemma 3 shows that Airport 1 becomes a more attractive candidate for a hub
as the population of City 1 increases. In comparison of networks /1 and He, providing
the connecting flight from Airport 2 is less costly than providing it from Airport 1.

Furthermore, the increase in the population of City 1 leads to a further reduction in the
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cost of the connecting flight from Airport 2 since this increase causes a decrease in the
population of City 2. Therefore, compared with network P, the disadvantage of choosing
network Fi shrinks. Finally, for part iii) of Lemma 3, note that an increase in
Al=1-1,. implies that Airport 2 becomes relatively close to the foreign country
compared to Airport 1. In this case, it is more likely for the carrier to choose Airport 2 as
its hub. This situation is observed in several regions: for example, the “Oneworld”
alliance selected Madrid and Helsinki, which are located on the edge of Europe, as the

hubs for the Americas and East Asia, respectively.

3.4.2. The Operators’ Choices

At the first stage, two operators simultaneously set their airport charges in order to
maximize the airport charge revenue:

R (a.a;)=am (N(a)) fori=12, j=i.
As in Figure 3-2, however, the number of Airport 7 (7 =1, 2) users, M (N(a)), changes
discontinuously. That is, for example, suppose that the two airports initially choose
(a,,a,) =(&(P),a,(P)), point A of Figure 2. Then, the operator of Airport 1 experiences

a sudden increase in its users from M =N to M =n+2n, =2-n if the operator sets
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the airport charge & <& while no such jump is realized for @ >a, >4 even if the
operator cuts its airport charge from 8, =&, (P). In other words, at point A of Figure 3-2,
each operator faces the following problem: whether to discount its airport charge in
order to increase its airport users and its revenue.

Therefore, we formulate the operator’s problem as follows. Each operator chooses its
strategy regarding the airport charge from the following two alternatives. The first
strategy is such that, independent from the carrier’s network choice, the operator
exploits the carrier’s direct flight profit at its airport, and we name this strategy the
“exploiting strategy.” The second strategy is to discount the airport charge in order to
attract the carrier to set its airport as the hub, and this strategy is called the “discount
strategy.” Let us denote by a’ and aid the exploiting and the discount airport charges,
respectively. Then, the problem for the operator of Airport 7is formulated as follows:

max R (a,a;). (14)

aie{aiE ,aid}
Furthermore, in order to simplify the analysis, we assume that the two airports are

equidistant from the foreign country, | =1, =1.

3.4.2.1. The Exploiting Strategy
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We define the exploiting strategy by the airport charge that fully exploits the carrier’s
direct flight profit at a single airport. In other words, each operator seeks to exercise its
market power against the carrier if they employ this particular strategy. When deriving
the exploiting airport charge, each operator must consider the carrier’s network choice.
Under the assumption of Equation (13), however, the carrier chooses network P as its
network configuration if two operators simultaneously decide to exploit the carrier’s
profit. In other words, when choosing to exploit, each operator can earn the maximal
revenue if they choose their airport charge so that 7,(P;a) =0. Therefore, let us denote
by a’ the exploiting airport charge. It is computed according to r,(P;a)=0 as

follows:

af:ﬁi(P):l—c—nE fori=12. (15)

3.4.2.2. The Discount Strategy

Each operator can raise their revenue by becoming the carrier’s hub thourgh
discounting their airport charges instead of playing the exploiting strategy. Let us
define by such airport charge, aid , the discount strategy. This strategy, however, does

not mean that operators discount until their airport charges become zero since they can
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earn a’n, when playing the exploiting strategy. Therefore, the operator discounts its
airport charge as long as & @+n j) = af N, . According to this relation, we can derive the

lower bound of the discount airport charge as

n(1-c)-

F .
a (l+n)=an <a = T fori=1,2. (16)
+n.
J

The carrier’s network choice, N(a), and the parameter values are common knowledge
for both operators. Therefore, using the competitor’s lower bound of the discount airport
charge, a;=4a;, in Equation (15), it is easy for each operator to compute the discount
airport charge, which assures them to become the carrier’s hub. According to Equations

(11), (12), and (16), the discount airport charge is computed, as follows:

Lemma 4

The operator of Airport 1 sets Its discount airport charge as

Focl,

- if F<F¢,
) 2n; 2 -
ai = 17
ni(l—c)_ nF +<ni_nj)CIlZ ifFidSF,
1+n n;(1+n) 2n,
where
Fo_ 2n(1-n)(1-c)+cn (1+n)l, fori—12.

3+n,
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Proof:

It is shown in Appendix C.

3.4.3. The Nash Equilibrium

Table 3-1: Payoff Matrix

Airport 2 a, =a; a, =a;
Airport 1
a =a R.(af,a5). R, (a5.2) R(af.af). R, (a5, a)
8 =3 R (a,2;).R, (2.2 ) R (a'.2;).R,(2;.2)

In Subsection 3.4.2, we defined two strategies regarding the airport charge (the
exploiting and the discount airport charges), as in Equations (14) and (16). By applying
these two types of airport charges in Equation (7), we obtain the payoff matrix, as
summarized in Table 3-1 above. Using Table 3-1, the Nash Equilibrium of the operators’

game (a,,a,) and the carrier’s network choice, N" =N(a,,a,) are derived, as
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follows:

Proposition 2

The Nash Equilibrium, (3,,a,,N"), is characterized as follows:

(a3, N")={(af,a,H,) if F <F <min{F,F|, (18)
(af,a5,H,) if max{F, F}<F <F,
where
Eo 2n(1-n)(1-c)+cl,n (1+n,) fori=12
1+3n,
~ 2 1-n) |l
|:E—n(1—n)(1—c)+CL +n(2 il =3
Proof:

See Appendix C.

According to Proposition 2, for a sufficiently low fixed cost, F, the equilibrium network
configuration falls into network P while the hub-spoke network, Hi1 or H2, emerges at
the equilibrium if the fixed cost is sufficiently large. It is, however, difficult to evaluate
the effects on the equilibrium network of other parameters such as the population of
City 1, N, and the distance between the two airports, |,.By comparing the thresholds

of Equation (18), we obtain the sufficient condition with respect to the population of City
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1, N, such that network H is never realized at the equilibrium:

Corollary

The network H; never emerges at the Nash Equilibrium if N>2/3.

Proof:

See Appendix C.
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Figure 3-3: Equilibrium Network Configuration, N*
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By using Proposition 2 and the Corollary, we summarize the equilibrium network
configuration in (l,,F) space in Figure 3-3. The upper side of Figure 3-3, 1), shows the
case in which N<2/3 while the lower side, ii), corresponds to the case of 1>n>2/3.
Let us take a closer look at N<2/3. The upper side of Figure 3-3 shows that the carrier
chooses network P as its network configuration when the fixed cost for operating direct
intercontinental flights is sufficiently low or when the distance between Airports 1 and
2 is sufficiently large; otherwise, the carrier’s network choice becomes hub-spoke. In the
case of a hub-spoke network, the carrier may choose one of two airports as its hub.
Namely, Airport 2 becomes the carrier’s hub if the two airports are relatively close;
otherwise, Airport 1 is selected.

Since Airport 2 has a disadvantage in the hinterland demand (N, <n,), the carrier
always incurs the larger cost for connecting flights if it chooses Airport 2 as its hub. Let
us denote by AC(H;,H,;a) the difference in the cost between networks Hi and He.

Then,

AC(H,,H,;a)=C(H;a)-C(H,;a)
=cl, (1-n)+a,(2-n)+a,(1-n)-[cl,n+an+a,(1+n)]
=cl, (1-2n)+2[a (1-n)-a,n]. (19)

If the sign of (19) is negative, then the carrier chooses Airport 1 as its hub; otherwise,

Airport 2 is selected. Since the first term, Cl,(1—2n), is negative for N>1/2, Airport
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2 must discount its airport charge so that the difference in airport charges between the
two airports offsets the gap in the cost, Cl,(1—2n), if it wants to become the carrier’s
hub. Furthermore, this gap is monotonically decreasing in |, ; therefore, Airport 2
must discount more as the distance between the two airports, |, , increases. The upper
side of Figure 3-3 indicates that the operator of Airport 2 can increase its revenue by
discounting its airport charges when the two airports are close. However, as the
distance between the two airports increases, the loss due to the discount outweighs the
gain from becoming the hub; therefore, Airport 2 stops discounting.

In the case of 1>n2>2/3,12 in contrast, the lower side of Figure 3-3 shows that the
carrier always chooses Airport 2 as its hub if it sets a hub-spoke network configuration.
This is due to the difference in the gain of becoming the hub between the two airports.
In order to capture this gain, let us define by p; the ratio of Airport 7 users between

networks H;and H;

(20.1)

12 One might think that for (L—n)(L—c)>F > F , which we ignore in the analysis, network Hi may
appear as the equilibrium network configuration. However, network A1 may not be realized for
(1-n)(L—c)>F >F because of the following two reasons. First, the dominance of network Ho
against Hi is attributed to the difference in the population size rather than the size of the fixed cost or
the distance between the two airports. Second, within the domain of (1—n)(L—c)>F >F , the two

airports are close to one another; therefore, operator 2’s loss from discounting is not significant, as
argued above.
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m,(H,) 1+n 2

= = -1 .
m,(H,) 1-n 1-n (202

Note that o, is decreasing in the population of City 1, n, and for 1>n2>2/3, at most,

P, =2, whereas p, is increasing in n, and for 1>n>2/3, at least, p,=5. This

indicates that Airport 1 receives a smaller gain from applying the discount strategy

than Airport 2 does when becoming the carrier’s hub. Furthermore, the gain of Airport 1

decreases as its hinterland demand, n, expands. Therefore, the Corollary and ii) of

Figure 3-3 indicate that, in the case of 1>N>2/3, the operator of Airport 1 stops

discounting since its gain is quantitatively small.

3.5. Discussion

In this section, we address the question of how a private airport operator’s behavior can
distort the carrier’s network choice. In order to simplify the analysis, we focus on the
case in which the two airports are equidistant from the foreign country. In such a case,
although network A1 always dominates H2 from the efficiency since
Al=0<cl,(2n-1), as in Lemma 1, the carrier may choose H: as its network
configuration according to Proposition 2. This is because the operator of Airport 2

receives a larger gain, p,, from becoming the carrier’s hub than that of Airport 1, o, :
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P, >3>p for1>n>%.

This indicates that the operator of Airport 2 is more willing to discount its airport
charge than Airport 1. As a result, for some sets of parameter values, offering the
discounted airport charge attracts the carrier to Airport 2 and as a result, it becomes
the carrier’s hub. This is observed in several regions: for example, in East Asia, airports
in relatively small cities such as Kuala Lumpur and Seoul offer relatively low airport
charges, and they have larger connections with cities in other continents than those in
relatively large cities such as Bangkok and Tokyo.

Other than the realization of network H2, Proposition 3 shows that the private

operation of airports disturbs the formation of a hub-spoke network:

Proposition 3

Network P is more often observed at the equilibrium than at the optimum.

Proof:
See Appendix D.
In order to provide the intuition behind this proposition, we compare the carrier’s cost

between the hub-spoke network, H;, and network P.
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AC(P,H;;a)=C(P;a)-C(H;;a)

:c+22:aknk +2F —[c(1+llznj)+ai (1+n;)+a;n, + FJ
k=1
=F —cl,n, —2an;. (21)

Equation (21) shows the carrier’s tradeoff: namely, the carrier prefers network Pif the
sign of Equation (21) is negative and network Hj otherwise. Since externalities, such as
airport congestion, are absent in our model, at the optimum, airport charge is equal to
zero while under the private operation, the airport charge is positive. This means that,
at the equilibrium, the carrier must incur the additional airport charge for utilizing the
hub, Airport 7, as well as the cost for the connecting flight. As a result, because of the
positive airport charge, network P is more easily observed at the equilibrium than at
the optimum.

Figure 3-3 summarizes the comparison of the equilibrium and the optimal network
configurations in the case of Iy =l,0 =1 and N<2/3. According to Figure 3-3, we can
confirm the distortion of the private airport operation on the carrier’s network choice, as
explained in this section. That is, within the domain A of Figure 3-4, due to the
competition between the two airports, the equilibrium network configuration is network
H: while the optimum is Hi. The domain B corresponds to Proposition 3; namely,
because of the private operation of airports, the carrier chooses network Pinstead of Hi

at the equilibrium.
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Figure 3-4: Equilibrium vs. the Optimum

3.6. Conclusion

In this chapter, we focused on the question of how price competition among airports

affects the carrier’s network choice. In order to address this question, we constructed a

model in which the behaviors of both the carrier and airport operators were considered.

By using this model, two types of network configurations were derived: the optimal and

the equilibrium network configurations. At the optimum, airports at relatively small

cities may become the carrier’s hub when they have the locational advantage against

those of large cities; otherwise, hubbing at airports in large cities is efficient. Conversely,
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at the equilibrium, airports at relatively small cities may become the carrier’s hub even

if they have no locational advantage. This is because operators of airports at small cities

are willing to discount their airport charge since they receive relatively large gains from

connecting flights from their spoke nodes. In addition to this effect, the private

operation itself also distorts the carrier’s choice. Namely, the market power of airport

operators leads the carrier to choose a point-to-point network instead of a hub-spoke

one.

Finally, we suggest topics for future research. First, in order to maintain analytical

tractability, we omit the costs of user’s transit and airport operation. However,

introducing these two factors may change operators’ behaviors under price competition.

Therefore, it is necessary to extend our model by introducing these two factors. In

addition, since we have ignored air service demand among the hub airport and spoke

nodes, our results overstate the inefficiency of the private operation. Namely, this type

of extension (introducing the air service demand among the hub airport and spoke

nodes) reinforces the carrier’s benefit of hubbing; thus, the inefficiency of private

operation may be mitigated. It is also necessary to introduce airport congestion into the

model since several hub airports experience severe congestion. This addition is useful

for considering how the price competition affects airport congestion as well as the
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carrier’s network choice.

Appendix A: The Optimal Network Configuration

Proposition 1
1) When Al<1,(2n-1) , network Hi is the optimal network configuration if
F>F° (P, Hl) ; otherwise, it is network P
i) In contrast, when Al >1,(2n—1), network H: is the optimal network configuration
if F>F° (P, H2) s otherwise, it 1s network P
Proof:
The thresholds are derived as follows:
SS(P)-SS(H;)=nc(le +l,—1;)-F=0fori=12, j=i. (A1)
Solving this for Z,
F=F°(P,H,)=c(1-n)(l, +1-1,- )=c(1-n)(l, +Al), (A.2)
F=F°(P,H,)=cn(l, -1, +1)=cn(l, —Al). (A.3)
By comparing these thresholds, we obtain the following relation:
FO (P,H,)— F° (P,H,) =c| Al—(2n-1)l, | (A.9)

(A.4) indicates that if Al<l,(2n-1), then F°(P,H,)—F°(P,H,)<0. Suppose that
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Al <1,(2n—-1) is satisfied. In such a situation, SS(H,)<SS(H,) holds according to
Lemma 1. Therefore, in the case of F>F°(P,H,), together with the definition of
F°(P,H,), we have SS(P)<SS(H,)<SS(H,). In contrast, for F<F°(P,H,), it is
easy to derive the optimal network configuration by simply using the definition
F°(P,H,). In the case of Al >1,(2n-1), we can derive the optimal configuration

using a similar argument for Al <1,(2n-1).

QED
Appendix B: The Carrier’s Network Choice at the Equilibrium
Lemma 2
The carrier’s network choice, N (), is determined as follows:
P ifai(P)Za.>é.fori:12
N(a)=1{H, ifa, <min{4,4 (a )} and a, <a, (a;; H,), (11)
H if a, <min{4,, &, ( H,)} anda, <3 (a,;H,),
where
c(l.+1,-1I
=t _ (b +he =) fori=12,j#i, (12.1)
2n 2
na, ne(li+l, =l )=nic(le +1,-1;)
i(a )= —L 4+t : L ™ fori=12,j#i. 12.2
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Proof:
N(a) is derived through the comparison of profits, 7(N;a), under the three
alternative network configurations. First, suppose that the carrier chooses network Pas
its network configuration. Since N(a)=P, according to Equation (4), the following
must hold:

z(P;a)-z(H;a)=F—cn; (I +h, -1 )-2n,a >0 fori=12, j i
Solving this for a;, we obtain the following:

F _C(IiF +I12_|jF)
2n. 2

]

z(P;a)>7n(H;a)<a >4 = fori=12j=i. (B.1)

Together with Equation (10.1), the carrier sets network P as its network configuration
if:

a(P)>a >4 fori=12. (B.2)
In the case of N(a)=H,,

7(P;a)-z(H;a)=F—cn; (I +1, -1 )-2n,a <0 fori=12, j =i,

7(Hj;a)-z(H;a)=nc(li +1, =l )—nic (e +1, — 1 )+2[an; —an |<0fori=12, j =i.

The former holds if and only if & <4&,. Solving the latter relation for &,, we obtain
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~(a) na, nic(ljF+|12—|ip)—njc(|iF+|12—|J.F)
i\ 7]

n, 2nj

fori=12,j=#Ii.

(B.3)
According to Equations (10.1), (10.2), (B.1), and (B.3), the carrier’s choice becomes H; if:
a < min{éli,éi (aj),a (Hi)} anda, <@ (a;H;) fori=12, j=i. (B.4)
By using Equations (B.2) and (B.3), the carrier’s network choice is determined as in
Equation (11).
QED
Also note that, under the assumption, F <F , Equation (11) is rewritten as follows:

P
N(a)=4H, ifa<min{4, 4 (a,)}anda,<a,(a;H,), (B.5)
H, {4,,4,(a,)} and a, <& (a,;H,).

Appendix C: The Discount Strategy and the Nash Equilibrium
First, we derive the discount airport charge, as in Lemma 4:

Lemma 4

The operator of Airport I sets its discount airport charge as
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F ifF <R
2nj 2
a' = (n " )cl a7
ni(l—c)_ nF L) Mhe ifF>Fid,
1+n n;(1+n) 2n,
where
Fo 2n(1-n)(1-c)+cn (1+n)l, fori—12.
3+n,
Proof:

Under the discount strategy, the operator must discount its airport charge unless it
succeeds in taking the hub position in the carrier’s network. According to Lemma 2, if

the operator of Airport 7 wants to become the carrier’s hub, then its airport charge, a;,

must satisfy the following relation:

cl,

F
i i - - ’ (C].)
2n, 2

a <d(a)=—Lt+ 2 (C.2)
Note that (C.2) depends on the competitor’s airport charge, a;. Therefore, for any
possible value of the competitor’s airport charge, the discount charge of Airport 7 should
assure that Airport 7 becomes the carrier’s hub. As explained in Subsection 4.2, the

competitor j discounts its airport charge at most @; =a;. Applying this to (C.2),

N (1—C) nF +(ni_nj)CIlz.

ai:ai(e—li)_ 1+n, _nj(1+ni) 2n;

(C.3)
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(C.3), however, does not necessarily imply the condition (C.1). Therefore, by
comparing (C.3) and &,, we obtain the threshold as follows:

i_cl_lz_ni(l—c)Jr nF (ni—nj)cl12

ai_ai(g")ZZn. 2 l+n. n (L+n) 2n

J
_ (3+n,)F _ni(l—c)_cl12
2n,(1+n;)  1+n  2n,

J
SF<F= 2n(1-n)(1-c)+cn (1+n)l, | ©.0
3+n;

i

>0

QED
In order to derive each operator’s best response, it is important to derive the number of
each airport users under the four possible sets of the airport charges. In case of
(a,8,)=(a,a;), the number of each airport users is equal to the population of the
hinterland since &’ > &.; therefore, N(a;,a;) =P . Lemma 5 summarizes the carrier’s
network choice when (a,a,)=(a/,a}) or (a,a,)=(a,a)) while Lemma 6 shows
the network choice in case of (a,a8,)=(a’,aJ).
Lemma 5
Suppose that operator 1 chooses the discount strategy while operator j chooses the
exploiting strategy (that is, @, = aid and a; = a? ). In such a case, the carrier sets its
hub at airport i, which offers the discount airport charge.

Proof:
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Suppose that operator 1 chooses the discount strategy while operator 2 plays the
exploiting strategy (that is, (a,,a,)=(a/,a})). We check whether (a,,a,)=(a/,a;)
satisfies the following two conditions for N(a!,aj)=H,:

a’ <min{a, 4 (a)}, (C.5)

a; <a,(a;H,). (C.6)
We first take a closer look at the RHS of (C.5). By the calculation (or Figure 2), it is
shown that & =& (4,). Furthermore, since &’'(a,)>0 and & >4,, the RHS of (C.5)
is min{4,4,(a;)}=4 . The discount strategy of Airport 1 is given by
a' =min{4,,4,(a,)}; therefore, in case of (a,a,)=(a’,al), (C.5) is automatically

satisfied. For the RHS of (C.6),

A, Fo e

a,(a;H,) =1—c—m =a,(P)=a;.
Furthermore, since a' =min{4,,4,(a,)} and a,(a;H,)<0 , (C.6) is also
automatically satisfied when (a,,a,)=(a,a}). By using a similar argument for the
case of (a,,8,)=(a’,a)), we can show N(a7,a))=H,.

QED

Lemma 6

Suppose that both operators choose the discount strategy, namely (8,,8,) = (af , ag ). In

such a case, the carrier’s network choice is
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H, if max{lf,lfl}<F,
N(af,a) )=1H, ifF, <F<F, (C.7)
H, or H, otherwise,

where
F- 2n(1-n)(1-c)+cl,n (1+n) foricl2
1+3n,
F= —n(l— n)(l—c)+ CL2+ n(;'_n)J |, _
Proof:

As in Lemma 4, the discount airport charge of operator 7 depends on the fixed cost, Fid .

We define Ed and F? as:

E'=min{F’,F}},
F'=max{F'F/}.
Hereafter, we derive the carrier’s network choice, N(c’:\1d ,ag ), for the following three
situations: 1) F<F"; i) FY<F; iii Ed <F<F'. For F<F", each of the two

operators chooses aid =4 . In such case, network H; (i =1, 2) becomes the carrier’s

choice if:
a<min{a,a (4 )}, (C.8)
4, <a(4;H,) (C.9)

First, since, by the calculation (or Figure 2), & =& (& j) , (C.8) is automatically satisfied

In addition, (C.9) is also satisfied for F SEd :
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7 (8;H,)=1-c(1+1,)- 24 :1_c_;:aj (P)=a’>4.  (C.10)
J

Therefore, the two hub-spoke networks, A1 and FHe, remain the candidates for the
carrier’s network choice:
N(af,aj)=H, orH, if F <EF". (C.11)
In case of F'<F, a'=4 (@;). Under this circumstance, network H; (i = 1, 2)
becomes the carrier’s network choice if:
a (gj)Smin{éi,éi(éj (a ))} (C.12)
3 (a)<a;(4(a)):H,). (C.13)
Let us start with the condition (C.13). Note that, for F® <F, we have &(a;)<4 .
Together with this, since aj'(ai; H;)<0 and &(&;H;,)=a,(P)=aj>4,,
<& (&:H,)<a (& (a)):H,). (C.14)
Therefore, (C.13) is satisfied for F? < F, and now we consider the condition (C.12).

Y<& for F'<F , we need to derive the condition at which

Since & (a
d(a;)<a(d;(a)) holds. By using Equations (12.2) and (17),

)) h co(n-n)) _n(l-c) F _na

j ‘(") 2n, 1+n,  1+n, 1+n,

=a. (C.15)

Hence, the comparison of §(a;) and &(&;(a)) is equivalent to that of &(a;) and

|
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n(2n-1)(1-c 2n-1)F 2n-1)cl,
e e
& F 2 F =nfa-n)(1-o)+ 20 e 19
3,(a,)-a :(1—n)(2n—1)(1—c)+ (2n—1)F _(2n—1)c|12S0
PRTR T o n)(1+n) n(2—n)(1+n)  2n
(2-n)(1+n)cl,

& F<F=-n(l-n)(1-c)+ (€17

2

According to the conditions (C.16) and (C.17), 4&(a,)<4&(4,(a,)) and
4,(a,)>4,(4,(a,)) for F>F; therefore, network Hi becomes the carrier’s network
choice. For F<F , the carrier chooses FHo since & (a,)>4,(4,(a,) and
4,(8,)<4,(4(a,)). In summary, for F* <F,

H, ifF>F%andF >F,
) (C.18)

N(a'a)- H, ifF>F®andF <F

Finally, we derive the carrier’s network choice in case of Ed <F <F°. Suppose that

F'=F and F=F/.In this case, (a’,a)=(4,(a,),4,). The carrier chooses Hi as
its network if:

4 (a,)<min{4,5(4,)}, (C.19)

4,<a,(4(a,):H,). (C.20)

Since &4 =4,(8,) and F'= F!, (C.18) holds with the strict inequality for

Fld <F< de according to Lemma 4. (C.19) is also satisfied according to Equation

(C.10). Therefore, network FH: remains a candidate for the carrier’s choice for
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F’ <F <F/. For this domain, we also need to check whether the carrier chooses F.

This is the case if:
4, <min{a, (& (a,))}, (C.21)
51(92)351(32; Hl)' (C.22)
As in Equation (C.14), the condition (C.22) holds with the strict inequality. For the

condition (C.21), by using (C.15),

Fdy (L-n)(-o)-F _

a, -, :2__
n 2 1+n
E < 2n(1-n)(1-c)+cl,n(1+n) 2n(1-n)(1-c)+cl,n (1+n,) £
B 1+3n - 1+3n, o

In comparison of F, and F’, we have F, >F" since 1+3n<3+n. Therefore, for

F < IE1 , the carrier may choose network H2 as its network configuration. In summary, in

caseof F' <F<F/,

- d_ d —
N(a,ag)={ O TEE =R <P =Py 29
H, ifFE <F<F'=F"

In case of de <F< Fld , a similar argument is applied; therefore, the network choice is

derived as

H, orH, if F'=F' <F<F,

N(a' al)= — _ (C.24)
(& 2){H2 ifF, <F<F%=F¢

where

E_ 2n(1-n)(1-c)+cl,(1-n)(2-n) _2n(1-n)(1-c)+cl,n, (1+ nz).

2 4-3n 1+3n,
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By summarizing these conditions, (C.11), (C.18), (C.23), and (C.24), we obtain (C.7).
QED
By using Lemma 5, we obtain each operator’s best response against the competitor’s
exploiting strategy as follows:

Lemma 7

Suppose that the competitor chooses the exploiting strategy. Each operators best

response against the competitor’s strategy is

) afif[fngsmin{F,F}1 (C.25)

a® if F<F,andF <F,

a, = (C.26)

where
E- 2n(1-n)(1-c)+cl,n (1+n,) forio12,
1+3n,
F=-n(l-n)(1-c)+ CL2+n(21—n)J|12 _
Proof:

Suppose that the competitor j chooses a; = a‘j . Then, by using Lemma 5, the difference

in the payoffs is computed as
R(a'.a})-R (a5,af)=a’ (1+n;)-an, (C.27)

By using the definition of &;, (C.27) is rewritten as
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d d
a’' (1+n;)-an =(a' —a;)(1+n;).
Therefore, in this case, the sign of (&' —a,) determines whether the discount strategy
becomes the best response against the competitor’s exploiting strategy. According to

Equations (16) and (17),

A_a =m_%_w>0@ e 2n(1-n)(1-c)+cl,n, (1+nj)= =
-7 n(1+n) 2 1enp - 1+3n, a
(C.28)
< (a)_a __h@n-1(1-¢)  (2n-1F (2n Lch,
B [ N e [E [ R
e F<F=-n(l-n)(1-c)+ (2- )(1+”) | (C.29)
5, (a,)-a :(l—n)(2n 1)(1- C)+ (2n—1)F _(2n—1)cl1220
B (2-n)(1+n)  n(2-n)(1+n) 2n
& F>E=-n(l-n)(1-c)s Z=MErN)Ck (.30

2

Together with Equation (17) and the assumption, F <F , each operator’s best response,
I* , against the competitor’s exploiting strategy is derived as Equations (C.25) and
(C.26).
QED
Finally, Lemma 8 summarizes each operator’s best response against the competitor’s
discount strategy.

Lemma 8
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Suppose that the competitor chooses the discount strategy. Fach operators best
response against the competitor’s strategy is always the exploiting strategy.
Proof:
Due to the discontinuous change in the number of airport users, we derive each
operator’s best response against the competitor’s discount strategy according to the
following process. First, we focus on the best response of operator 7 in case of
N(a/ a;5) =H;, and then, we solve the problem of operator /in case of N(a;,a;)=H,.
In case of N(a',aj)=H,, the difference in the payoff is:
R (a".af)-R (aaf) = (1+n;)—an, =(a ~a,)(1+n;).
Therefore, we can apply the same argument as in the proof of Lemma 7, and the best
response is identical to Equations (C.25) and (C.26). However, according to Lemma 6,
N(a,a)=H, if max{F,F}<F,
N(af,aj)=H, ifF,<F <F.
Hence, by using (C.25) and (C.26), we need to derive the best response against the
competitor’s discount strategy of operator 1 for max{lf, lfl}< F, and that of operator 2
for IE2 <F <F. In case of operator 1, for this domain, F< max{lf, Ifl}, according to
(C.25), its best response is always the exploiting, ai* =a;’ . For IE2 <F<F , as shown

in (C.26), the best response of operator 2 is also the exploiting since F< max{lf, lfl}
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In the case of N (af , a;’) =H;, the difference in the payoff between the two strategies is
R(a'a))-R(aa]) =(a" -&)n.

The best response is determined by the sign of aid —a’. However, under our setup, for
F<FE‘, a'=4 <a’. In addition, for F>F‘, since & >4 (a ;) according to Lemma
4, af > &, (a J-) . Therefore, each operator’s best response against the discount strategy is
always the exploiting strategy, i.e., ai* = af if a; = a‘j .

QED
By using Lemmas 5, 6, 7, and 8, we obtain Proposition 2.
Proposition 2

The Nash Equilibrium, (aI , a;, N"), is characterized as follows:

(a7.a5,P) ifF<min{F,F,F},
(af,a;,N*): (af,ag,Hl) iflfstsmin{lf,lf}, (18)
F

where
E- 2n(1-n)(1-c)+cl,n (1+n,) forio12,
1+3n,
F=-n(l-n)(1-c)+ CL2+n(21—n)J|12 _
Proof:

According to Lemma 8, each operator always plays the exploiting strategy if its

competitor chooses the discount strategy. Therefore, by using Lemma 7, in the case
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where one of the two operators plays the discount strategy, the equilibrium airport

charges are derived as follows:

ifF, <F<
(ai : ) (C.31)
max

a) if {

In either case of (C.31), as in Lemma 6, the equilibrium network configuration, N,

/—-"-\
'I'I le
\q,_,

Th
—_——
IA

'l'll

falls into H, if (a;,a,)=(a,a}) andinto H, if (a/,a,)=(af,a)).
In the case of F <min{F,, F,}, both operators have no incentives to discount. Therefore,
the equilibrium airport charges are (3,,a,)=(a;,a;). As in Lemma 8, furthermore,
since &’ > &, the equilibrium network becomes P.

QED
Finally, we state the Corollary, which summarizes the condition where network Fh
emerges at the equilibrium.
Corollary
The network H; never emerges at the Nash Equilibrium if N>2/3.

Proof:

Let us begin by focusing on the threshold, F :

n(1-n)| 2(1-c)+cl, | n(1-n)|2(1-c) +C|12J
1+n

Ifzmin{(l—n)(l—c) , -
Since Nn>1/2,
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n(l—n)L2(1—0)+cL2J<:n(l—n)LZ(l—c)+ch2J
1+n 2-n

?2—n<§<1+n
2

Furthermore,

(on)a—o) 2O e ] () @o0) daniion)

1+n 1+n
1-n)(l-c
That 1s,
1-n)(1-c ifl, >x,,
_ 12 A
F= n(l—n)[z(l—c)+cl12 Stherwise
1+n '

According to Proposition 2, network fh is realized at the equilibrium if the following

condition is satisfied:

IA
T
IA
3.
5
——
:I'Ix
Ll
——

Through a comparison of the upper thresholds, we obtain

cl, (1+n)(2-n) 2(1-n)(1-c)

(1-n)(1-c)-F =(1+n)(1-n)(1-c)- (2]

<0&el,>x; =
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n(l-n)[2(1-c)+cl, | - 2n(1-n)(3+n)(1-c)-cl,(2+2n° +n-n’) 0
1+n 2(1+n)
2n(1-n)(3+n)(1-c)

c(—n3+2n2 +n+2) ’

Sy, > X =

Since we have assumed that N> 2/3, evaluating the three thresholds, x4, x5 and xc, at

n=2/3,
XA| 2:XB| 2:Xc| 2:1—_C,
"3 "3 3 2
OX, | =_9(1—c)< 0% | __9(1—c)<ai :_171(1—c)<0
on |, 2 4 on|2 8c  onj.2 176¢
3 3 3

These imply that for Nn>2/3, X, <Xz <X, . Therefore, for Nn>2/3, the upper

threshold is given by

. F if |
min{ ,F}z ! 12<?(B’ (C.32)
(1—n)(1—c) otherwise.

Finally, we compare the upper threshold (C.32) with the lower, If2 :

:_(2—n)L6n(1—n)(1—c)—cI12(2+3n—n2)J 0ol <x 6n(1-n)(1—c)

8—6n c(2+3n—n2) ’

E_

N

_ (1-n)|/(5n-4)(1-c)—cl,(2-n)|

(1-n)(1-c)-F, =- 0o, <x = CN=H=C),

4-3n c(2-n)

Again, by evaluating these three thresholds, x5, xp, and x5, at N=2/3,
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ol 2 = Yol 2 = x|, 2 ==
ey P TR 2¢
oxg| _ 27(1-c) oxs| _ 9(1-c) x| _ 9(1-=¢c) .
onl, 2 8&  on|,2 &  onl|2  16¢
3 3 3

These relations indicate that for N>2/3, X, <X, <X, . By using the definitions of x
(k = B, D, E), we obtain the following relations among the fixed cost thresholds,
F,,F, and 1-n)(1—c):
(1-n)(1-c)>F, > F forx<x,
F,>(1-n)(1-c)>F for x; < X< X,
F,>F >(1-n)(L1-c) forx; <x<x,,
F>F, >(1-n)(1-c) forx, <x.

QED

Appendix D: The Equilibrium vs. the Optimum

Proposition 3

Network P is more often observed at the equilibrium than at the optimum.

Proof:

At the equilibrium, network Pemerges if F <min{F,F,,F} while at the optimum, it

is the case if F <F°(P,H,). By comparing these thresholds,
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(1-n)(1-c)-F°(P,H,)=(1-n)| (1-c)-cl, [>0
l1-c

<:>|12<yAET, (D.1)

2n(1-n)(1-c)—cl, (1+n-4n*)

R-Fo(PH,)= 1+3n 70
2n(1-n
Sl < e Eﬁx Yar (D.2)
2| n(1-n)(1-c)—-cl, (1-n)’
SR L )k M
<, <y Eﬁx Yar (D.3)
n(l—n)LZ(l—c)+cI12J_FO(P’ H,) = 2n(1-n)(1-c)—cl,(1-n) 20
1+n 1+n
<, <yp Elz—_nnx Y- (D.4)

First, note that for (D.2), IEl >F°(P,H,) is always satisfied if 1+n —4n* <0, ie.,
1>n> (1++/17) /8. Otherwise, the signs of these relations are dependent on the value
of l,.In order to prove Proposition 3, we focus on the coefficients of thresholds in (D.2),

(D.3), and (D.4). According to the computation,

2n(1-n) =1+ (2n—1)(nJ;1) >1forn<
(1+n-4n%) 1+n—4n

1+x/1_7 1+x/1_7
8

Sy, <Yy forn< g

n
1_ >le Ya <Y
2n
n >l Y, <VYp.
These indicate that as long as (1—n)(L—c) > F°(P,H,), the equilibrium threshold of

network Palways exceeds F°(P,H,).

QED
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Chapter 4
The Effects of Airline Competition

on Flight Schedules and the Social Welfare

4.1. Introduction

Deregulation in aviation industry is intended to promote competition through new
entries, which is expected to lower airfares and thereby raise the social welfare. In
Japan, deregulation removed restrictions on entry, and four airlines started to flight
services in 1996 and 1997. In the US, Department of Justice rejected American Airlines
to merge US airway at first.

However, competition affects not only airfares but also flight schedules. Table 4-1 shows
time tables for a monopolistic route (Tokyo-Toyama) and a competitive route
(Tokyo-Kushiro). As can be seen in this table, flights depart at almost same intervals in
the former route. In contrast, in the latter, departure times of two airlines (ANA and
JAL) tend to be close to each other. This might be due to competition of Hotelling type to
attract passengers whose desired departure times are distributed on the time axis. In

this case, total scheduling delay cost (hereafter, SDC) in competitive routes would be
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higher than that in monopolistic ones. If this effect is significant, promoting entries may

result in efficiency loss. In this chapter, we focus on the scheduling effect of competition.

Some positive aspects of monopoly have been pointed out. Bruckner and Spiller [1991]

introduced the economy of density. The higher traffic density allows the use of larger,

more efficient aircrafts and this effect leads to lower cost per passenger-mile on dense

route. Bruckner [2002] and Silva and Verhoef [2013] showed that airlines which have

large share at their hub airports internalize congestion. Mayer and Sinai [2003] and

Santos and Robin [2010] empirically showed that flight delays are lower at highly

concentrated airports because the airline internalizes congestion.

Previous researches ignored flight schedules and SDC was given directly while SDC is

linked with scheduling strongly. Brueckner [2004], Kawasaki [2012], Alderighi, Cento,

Nijkamp and Rietveld [2005] and Flores-Fillol [2009] treated flight frequency as one of

components of generalized cost (GC = airfare + 1/frequency). These models implicitly

assume that all flights are at even interval and SDC is the inverse of frequency.

The purpose of this paper is to present the condition where monopoly is better than

competition and contribute to establishment of anti-trust policies. Competition has two

effects, that is, price effect and scheduling effect. The former effect increases demand

and improve social welfare, which is shown as the left path in Figure 4-1. It has been
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pointed out traditionally and is the basis of anti-trust policies. The latter effect raises

SDC and decreases demand, and then harms social welfare. It depends on the trade-off

between the effects which monopoly or competition is better in term of social welfare.

This chapter is organized as follows. Section 4.2 is the empirical part in which we verify

that competition changes flight schedules and raise SDC by introducing un-evenness

index. In section 4.3, we estimate the decrement of airfares by competition and the

demand function to justify the theoretical model. Section 4.4 is the theoretical part. We

establish the model based on empirical regressions to derive the condition where

monopoly is more desirable than competition. Finally, section 4.5 concludes.

Tokyo—Toyama Tokyo—Kushiro
Dep. Time Airline Dep. Time Airline
6:40 ANA 7:40 ANA
9:45 ANA 8:10 JAL
13:40 ANA 11:20 ANA
15:35 ANA 12:30 JAL
18:25 ANA 17:00 ANA
19:50 ANA 17:50 JAL

Table 4-1: Flight schedules for monopolistic and competitive routes
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Competition

/ Flight schedule

Airfare

Scheduling
Delay

—

Demand

Social welfare

Figure 4-1: Effect paths of competition to social welfare

4.2. Flight Schedules and Scheduling Delay Cost

In this section, we show empirical methodology to provide an evidence that flight

schedules of monopolistic routes are at more even interval than competitive routes.

First, to measure scheduling delay, we construct new variables based on intervals of air

schedule and we define the metric which captures “un-evenness” of the air schedule

using the variables. Second, we present the research design which connects schedule

distortion and competition. Then, we discuss the data for empirical analysis. Finally, we

derive the fact which supports our hypothesis aforementioned by the simple regression
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model.

4.2.1. Scheduling Delay and Un-evenness Index

Scheduling delay (hereafter, SD) is defined as the time difference between the desired
departing time and actual flight schedule. We assume that all airports are operated
from 6:00 through 21:00, that is, total business time of each airport is up to 900 minutes.
This assumption is quite natural because most airports can be operated in this time
range due to agreements with local residents or aviation policies. It is also note we could
construct a circler timeframe by connecting 6:00 and 21:00. This implies that, for each
route, departing times are arranged along the circle’s perimeter with 900 minutes. Then
we denote actual intervals between flights as {Intj =12, f}, where f is its
frequency. In addition, passengers’ desired departure time is assumed to be continuous
uniformly distribution across the perimeter. Figure 4-2 shows an example of intervals

and scheduling delay for a route with three services.
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SD

Average SD

Time

Int1 Intz Int3

Figure 4-2: Flight intervals and Scheduling delay

Then, for a given route, we calculate the average of SD, which is equal to the average

height of all triangles:

j= Jj=
425211ntj 3600

Zf Int? Zf Int?
SD; = S 111y

where i denotes route. This metric is minimized when actual departing times are set at
regular intervals, which we define minimum SD as follows:

SDM = —— = ——

It is note that, by definition, SD; increases as the time schedule becomes uneven.
Together these SD metrics, we could construct the new measure which represents
how the time schedule is distorted relative to the minimized case, that is,

“unevenness”. The most fundamental methodology is calculating how many times
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the actual SD value is larger than minimum SD value. Thus, for a given route, we
define the SD metric divided by its minimum value as the unevenness index:

Ind SD; (1)
naex; = ——-—
)

min

L
It is straightforward that this index is more than or equal to one for all routes,
particularly as the degree of the distortion of flight schedule relative to optimal
scheduling becomes larger, reflecting it, the index becomes larger. Since this index could

capture the scheduling distortion by the standardized way for all routes, we employ it as

a basis for analysis.

4.2.2. Un-evenness and Competition

To clarify the rigorous relationship between calculated unevenness index and
competition among airlines, we introduce the simple regression model. To identify the
competition and monopoly, we construct the dummy variable Multi_Dummy;, which is
equal to one in the case with competition (i.e., more than or equal to two airlines) and

zero otherwise. Then, we regress the unevenness index on the dummy variable:
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Index; = ay + a; X Multipymmy, + & (2)

where ¢; is an error term. If the competition leads to increase in scheduling distortion,

coefficient @; must be positive. Negative estimate indicates the opposite. It should be

considered that whether or not unevenness index depends on only competitive status.

However, the airline schedule is rarely affected by other factors including the capacity of

airplanes or the distance. We also could define the number of airlines as the explanatory

variable instead of dummy variable, but all results remains to be unchanged. Therefore

this simple reduced formulation could capture the causal effect of competition on

unevenness of air scheduling.

4.2.3. Data

We briefly describe the data. We focus on all Japanese domestic routes with two or more

flights in a day and 50,000 or more passengers per year. 85 routes!® meet these

13 In order to focus on urban area rather than airports themselves, we integrate multi airports in same
region. While there are alternative definitions, we consider urban employment area in Japan in 2005
defined by Kanemoto (2005). For instance, Kansai international airport, Itami (Osaka) airport, and

Kobe airport are all in the Osaka area in terms of urban employment based data. Thus, we combine
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conditions. We use the timetables published on September 1 in 2011 to calculate

scheduling delays.

4.2.4. Results

Using the data, we could take a first look on the relationship between distorted air
scheduling and competition. For example, the un-evenness index is 1.12 in
Tokyo-Toyama route which is monopolistic route, while the value of competitive
Tokyo-Kushiro route is 1.22. (See table 4-1 for the timetables of these routes.) To check
our hypothesis that the competition leads to un-even schedule, we estimate the

regression model above and derive the main result:

Index; = 0.436 X I(Number of Airlines > 2) + 1.121

(9.25) (32.28)

these airport and routes arriving and departing at these airports are regarded as a single route. Other
areas are Tokyo area (including Narita airport and Haneda airport), Nagoya area (including Chubu
international airport and Nagoya airport), Sapporo area (including Chitose airport and Sapporo

Tamaoka airport), and Fukuoka area (including Fukuoka airport and Kita-Kyusyu airport).
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where Index; is estimator of unevenness index and 7 is an indicator function. The

numbers in a parenthesis show ¢ value of coefficients. Strongly positive value and

significance of the coefficient for competition imply that monopoly leads to more

equalized schedules, while competition deteriorates them. This finding underpins our

hypothesis. We conclude with the derived fact:

Fact

If competition status changes from monopoly to competition, the unevenness of air

schedule becomes larger.

4.3. Preparation

This section provides empirical analysis on air demand and airfare. While plenty of

previous literatures analyze the determinants of them, we still need parameters needed

for theoretical analysis in the later section. Particularly, we focus on the demand and

the relationship between competition and airfare. We first provide the data and the

research design for it, the model of Ordinary Least Squares (OLS) estimation, then

estimate it using Japanese data.
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4.3.1. Regression Model

For air demand, we estimate the following linear regression:

x; = Po + BrGeneralized cost; + B, Distance; + €; 3)

where x; is the relative demand size, Generalized cost; is generalized cost calculated

for each route and Distance; is the distance of each route. ¢; is error term. For our

purpose, coefficient B; captures how scheduling delay has impact on the air demand.

For airfare, we estimate the following linear equation:

Fare; = yo + y1 Multi_ Dummy; + y,Distance; + ysNew pymmy, + U; (4)

where Fare; is cut-rate airfare and Multi_ Dummy; is the same variable in section 4.2.

u; 1s error term. In addition, we add New_Dummy; which is equal to one if the focal

route is operated only by new airlines and zero otherwise. Because, in Japan, newly

companies set the airfare lower than existing companies to attract more passengers, we

control the effect. Among the coefficients, y,; captures how competition directly affects

airfare. By definition, note that distance directly affect demand and indirectly affect

through generalized cost. Therefore we have to consider multicollinearity problem.

105



Chapter 4.
The Effects of Airline Competition on Flight Schedules and the Social Welfare

However, except for perfect multicollinearity, estimators satisfy consistency and

efficiency. In fact, correlation between distance and fare is strictly lower than one, thus

OLS estimator is BLUE. For our purpose, we emphasize the preferable feature of

estimator to avoid the misspecification problem.

4.3.2. Data

Most data for airfares and demand is cross section data in 2010 obtained from Survey of

services conducted by specified Japanese air carrier, Survey of services conducted by

Japanese air carrier other than specified Japanese air carrier, and Airline origin and

destination survey conducted by Ministry of Land, Infrastructure, Transport and

Tourism (MLIT).

We here define some variables for OLS estimation. First, population in each urban

employment area (i.e., potential demand) is computed as the summation of population

in each municipality constructing it. Given them, actual relative flight demand size for

each route is defined by the actual number of passengers divided by population of urban

employment areas linked by the route. This enables us to adjust demand size in terms

of potential demand size. On the other hand, for each route, we calculate its airfare by
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averaging reported airfare taking account of discount. In fact, most passengers pay

cut-rate price; for example, if a passenger reserve a seat 2 weeks advanced, she pay

discounted price. To do this, we compute the average airfare with weighting the number

of passengers who pay the discounted price. Thus we define the cut-rate airfare as an

explained variable instead of a regular price. For other explanatory variables, distance

1s the cruising distance reported in the survey and its unit is kilometer. Generalized cost

1s calculated following previous studies. Generalized cost is defined as summation of

airfare and scheduling delay cost. We compute the scheduling delay cost by multiplying

scheduling delay SD; by value of scheduling delay, which is equal to 10.9 Yen per

minute in line with Tseng, Ubbels and Verhoef [2005].

4.3.3. Results

Table 4-2 shows the results of regression presented above. All coefficients are strongly

significant. It is apparently showed that air demand decreases when generalized cost

increases. This implies that scheduling delay cost has negative (indirect) impact on

demand. For airfare, competition between multiple airlines sufficiently decreases its

airfare. Combining these results and fact in section 2 could support our main idea that
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competition has negative impact on demand through distortion of time schedule, on the

other hand, it decreases airfare, which leads to positive effect on demand. Also note that

other results including the impacts of distance and newly airline are quite natural and

in line with previous literatures.

In the next section, based on the empirical results, we provide theoretical explanation

for our idea.
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Each entry reports

Demand size Airfare
OLS estimator
Generalized Cost - 0.00000683
(-4.19)
Distance 0.000143 15.645
(5.06) (18.77)
Multi Dummy -1724.10
(-3.40)
New Dummy -8240.49
(-5.22)
Constant 0.0926 12757.57
(3.83) (19.41)
Adjusted R* 0.2203 0.8188
Observations 85 85

Table 4-2: Estimation of demand size and airfare
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4.4. Theoretical Analysis

In this section, we analyze how competition affect the social welfare based on the results

of the empirical part. We clarify the condition in which monopoly is better than

competition in terms of the social welfare. At first, we introduce the model which

represents the effect of competition on the SDC and the airfare.

4.4.1. Model

As shown in (1), the average scheduling delay is calculated as

s =s™Mnj = [kf1, 5)

k is a positive constant and f represents the frequency. Based on regression (2), we

formulate un-evenness index as

im = ao (6.1)
iC = Qg + a, (62)
Ai = a, (6.3)

The subscripts m and ¢ stand for monopoly and competition, respectively. A indicates

the difference between competition and monopoly. a, and a, are corresponding to o,
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and a, in the regression equation (2) respectively. (6.3) indicates that competition leads

to more un-even schedule by a;. Using equations (6) on un-evenness of the schedule, we

rewrite scheduling delay as

s™ =aqapkf! (7.1
s¢ = (ag+a)kf ! (7.2)
As = a kf~1. (7.3

We formulate the airfare as

p™ =b, (8.1)
p“=b, — by (8.2)
Ap = _bl (8.3)

b, and b; are corresponding to f3,+ B,Distance + 3New_Dummy and —f; in

regression equation (3) respectively. (8.3) indicates that competition leads to lower

airfare by b;.

We assume the linear demand function as

X = Cy— 1P — C3S. 9

Here, the generalized cost is p + ¢, /c; *s and ¢, /¢ is value of scheduling delay!4. c,

and ¢; are corresponding to y, + y,Distance and —y; in equation (4) respectively.

14 According to Tseng, Ubbels and Verhoef [2005], Value of Scheduling Delay is 4.6566€/hour. We
convert it to Yen by 1€ = 140¥ and obtain c¢,/c; is 10.9 Yen per minute.
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Using equations (8) and (9), we obtain the demand functions for monopolistic and

competitive cases.

x™ = cy — byc; — agckf 1 (10.1)
xc = CO - (bO - bl)Cl - (ao + al)Czkf_l (10.2)
Ax = byc; — ayckf 1 (10.3)

The first term in (10.3) is the decrement of the airfare and the second term is the

increment of SD by competition.

We assume three assumptions as following.

Assumption 1:

The airfare in monopolistic case is higher than the increment of SDC.

by > a;cilckf~ @ p™ > c,/cq As

p™ = 28,402 and c¢,/c; *As = 214 when Distance = 1,000, New_Dummy =0 and f = 5.

Therefore, this assumption is acceptable.

Assumption 2:

In monopolistic case, the demand is positive even if SDC gets double.

Co — bocy — 2a¢c,kf™1 >0 & x™ > ¢,s™
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x™ =0.0373 and ¢,s™ = 0.0037 when Distance = 1,000, New_Dummy =0 and f =5.

Therefore, this assumption is acceptable.

Assumption 3:
We set the lower bound of f as
f =citea(2a0 +apk

f =0.1908 when Distance = 1,000 and New_Dummy = 0. Frequency should be two or

larger so that competition can occur. Therefore, this assumption is acceptable.

4.4.2. Discussion

In this subsection, we analyze the effects of competition on the demand and the social
welfare focusing on the frequency. Differentiating (7.3) with respect to f, we obtain

Lemma 1

Lemma 1
As the flight service becomes frequent, the increment in SD by competition becomes

small
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08 o dkf? <0
af - 1 f
Flight intervals are short for high frequency route, therefore the increment in SD is

small while the flight schedule gets un-even by competition.

We differentiate (10.3) with respect to f and obtain Lemma 2.

Lemma 2

As the flight service becomes frequent, the increment in demand becomes large.

0Ax

W = al_lazdlkf_z >0

The first term in the right hand side of Eq. (10.3) is the decrement of the airfare and the
second term is the increment of SDC. The former independents of frequency while the
latter is decreasing function of frequency. Therefore, the change in the generalized cost
by competition also decreases in frequency.

We analyze the social welfare. We define the welfare as the social benefit minus social
cost. The former is consumers’ benefit from their flights and it is depicted as the lower
part of the invers demand function. The latter is SDC which is taken by consumers and

we ignore the operating cost of airlines.
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We define two effects of competition, namely, “demand effect” and “SD effect”. “Demand
effect” 1s the improvement of the social welfare by the increase in demand due to the
decreasing in the airfare by competition. This effect is shown as the square BEFG in
Figure 4-3 and ASW), = 2(GC™ + GC€ — 2¢;~'¢,5°) Ax. “SD effect” is the decrement of the
social welfare by the increase in SDC. This effect is depicted as the square ABCD and
ASWs = ¢, Lc,As x.

The change in the social welfare is ASW = ASW,, — ASW; and it depends on the trade-off

between two effects which monopoly or competition is better in term of the social

welfare.
E
Gen
o« ENRER NI N
g 5pe A B it .I
¢, 1, ASD { Zl_lc jzn ////%
1 G2 D . i i
\—Y—x’

Figure 4-3: “Demand effect” and “SD effect”
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We calculate the values of both effects by using equations (7), (8) and (10).
1
ASWD = E{zbo - bl - alcl_ICZkf_l}(blcl - a1C2kf_1) (111)
ASWS = a1C1_1C2kf_1(CO - b0C1 - a()CZkf_l) (112)

We differentiate (11)s with respect to f and obtain Lemma 3.

Lemma 3-1
As the flight service becomes frequent, the iImprovement in social welfare by demand

effect is large.

Proof:

AASW,
of

= aickf % (bg — ayci te k)

According to assumption 1, by — a;cyrc,kf ™1 > 0 and then dASW,/df > 0.

(Q.ED)

As shown in Lemma 2, the increment of demand is large for routes with high frequency,

so demand effect is large when the number of flights is large.

Lemma 3-2

As the flight service becomes frequent, welfare loss by SD effect becomes small.
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Proof:

dASW;
af

= —aycy ek f 2 (co — bocy — 2a9czkf )
According to assumption 2, ¢, — byc; — 2agc,kf "t > 0. Therefore, dASW/df < 0.

(Q.E.D.

As shown in Lemma 1, the increment of SDC is small for route with high frequency,
SD effect is small when the number of flight is large.
Finally, we analyze the relationship between the total effect and frequency. Using
(11), we rewrite the total effect as
ASW = ASW,, — ASW;
1
=3 (2ag + a)ajcitc2k?f~2 — ajcocr Lok f 7+ A,

where, A = %(Zbo —by)bic, = %(pm + p©)bic; > 0.

Lemma 4
As the flight service becomes frequent, change in social welfare by competition is

large.
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Proof:

0ASW L »
F = a;cocy Ckf THf — (2a0 + ay)cq teok}

According to assumption 3, f > f = (2ay + a,)cy ¢ k. Therefore, IASW /0f > 0.

(Q.E.D.

Lemma 4 indicates ASW(f) is increasing in the area f > f as depicted in Figure 4-4.
ASW(f) is minimum at f = f and maximum value is A when f — co. We summarize
results and obtain
(i) When ASW (}_‘ ) < 0, the solution f* exists and

ASW <0 if f<f<f",

ASW >0 if f*<f.
(i) When Asw (f) >0,

ASW >0 forall f>f
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ASW

Figure 4-4: Change in the social welfare and frequency

From the form of ASW (f), we obtain
Proposition
When ASW ( f ) <0and f < f < f*, monopoly is better than competition in terms of the

social welfare.

For low frequency routes, SD increases largely by competition as shown in Lemma 1
and demand increases only a little or decreases as shown in Lemma 2. Therefore,

monopoly is better than competition for low frequency routes.
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4.5. Conclusion

In empirical part, we showed that competition leads to un-even flight schedule. In

theoretical part, we showed that monopoly is better than competition for routes with

low frequency. SD effect is large when the number of flights is small because SDC for

low frequency routes is large even in monopolistic case. On the other hand, the demand

effect is small for low frequency routes. Therefore, the SD effect overwhelms the

demand effect for low frequency routes.

We have two tasks for the future. First, we should consider airline networks. Hub-Spoke

networks have been adopted by airlines widely after the deregulation and open skies,

and then many passengers make transit at the hub. Second, it is also important to

extend our empirical analysis to other countries and international market although we

focused on only Japanese domestic market in this chapter.
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Chapter 5

Conclusion

5.1. Summary

This thesis has proposed different models to answer various research questions
concerned with air-transportation market. We have suggested some implications to
which policy makers refer when they make decision on deregulation and privatization.
In Chapter 2 and 3, we focused on the distortion caused by the pricing strategy of the
private airports, and in Chapter 4, we dealt with the condition in which the airline
competition improves the social welfare. The summary and main results in each chapter
are following.

In Chapter 2, we established the model with arbitrary location of airports and
population in each city, but the exogenous flight network. We investigated the airport
pricing strategies of private airports and suggested the discriminatory pricing policy. At
first, we found that a local airport far from the hub set its fee low. This is because
passengers who depart from such airport pay high airfare, and the airport has to lower

its fee to boost the flight demand. Second, the hub airport discounts its transit fee when
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the weighted average distance is long. By the low transit fee, the hub airport collects

transit passengers from distant local airports. Third, the welfare loss caused by markup

of the airports and airline is serious for routes with long connection flight due to the

identical transit fee. Finally, we showed that the social welfare under the discriminatory

transit fee system is higher than the one under the identical transit fee system.

Therefore, we suggested that the policy maker should allow airports to set different

transit fees route by route.

In Chapter 3, we treated the route structure as endogenous to study the relationship

between the airports’ pricing strategies and the airline’s network choice. To achieve this

purpose, we develop the model with three-stage game. At first, two airports choose a

strategy from the alternatives, i.e., exploiting strategy and discount strategy. Next, the

airline chooses its flight network from point-to-point or hub-spoke. Finally, consumers

decide whether they travel the foreign country or not. Comparing networks in optimal

and equilibrium, we showed two results. First, the relatively small airport can be

chosen as the hub airport in equilibrium, but which never occurs in optimal. This is

because the small airport discounts its airport fee aggressively to obtain transit

passengers from the large city. However, this is inefficient because passengers from the

large city are compelled to transfer. Second, point-to-point network is more likely to be
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realized in equilibrium than in optimal. Private airports set their fees higher than their

marginal cost (zero in the model). Therefore, the airline chooses point-to-point to avoid

paying airport fees twice at the hub airport. Our results imply that both too high and

low airport fees lead to distortions of the flight network. To correct these distortions, we

suggested the policy implication that both the under and upper limit regulations on

airport fees are needed.

In Chapter 4, we analyzed the condition where monopoly is better than competition in

terms of the social welfare. Using Japanese domestic flight data, Section 4.2 showed

empirically that airline competition leads to more un-even flight schedules. Section 4.4,

the theoretical part, pointed out two effects of competition, i.e., “demand effect” and “SD

effect”. The demand effect, which is positive on the social welfare, is large when the

number of flight is large. On the other hand, the SD effect, which has negative impact,

1s small when the flight services are frequent. Integrating these results, we suggested

that the policy maker should introduce competition only for routes with frequent flight

services.

5.2. Topics for the Further Research
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We have various new topics to research because air-transport industry is in the dynamic

movement and the industrial structure is changing at a rapid pace. The largest change

is emergence of Low Cost Carriers (LCC) which provides cheap flight services. Most

previous researches suppose traditional full service carriers (FSC) in their models.

However, LCCs have grown in recent decades and share 24 % of whole air-transport

market as of 2011. Especially, 87% of domestic flight services are provided by LCCs in

Philippines [CAPA, 2013]. Some papers have dealt with LCCs. For example, Dobruszkes

[2006] investigated flight network of LCCs in European market, and Graham and

Vowles [2006] analyzed the relationship between FSCs and LCCs. However, we have

more rooms to study this new market taking account of characteristics of LCCs (e.g.,

single aircraft type, point-to-point services, frequent use of secondary airports etc.).

Another topic which should be researched is airport consolidations. Since mid-1990s,

airport alliances and airport holding companies have been formed. For example,

Schiphol Group has 100% stocks of three airports in the Netherlands and 19% of

Brisbane Airport in Australia, and operates John F. Kennedy International Airport's

Terminal 4. Maquarie Airports, which was found by the investment fund, holds stocks of

airports in Australia, Belgium, Denmark and the UK [Forsyth et al., 2011]. At the

present time, the main purpose of airport consolidations is sharing “know-hows”.
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However, integrations of management can leads to change in the strategic relationship.

On one hand, if airports in a same region engage in an alliance, airport fees might rise

due to regional monopoly. On the other hand, a group of airports which serve the same

0&D market might lower airport fees to avoid “double markup”. Although the recent

wave of airport consolidation, its effects haven’t been investigated yet sufficiently.

In addition to these new topics, we should apply our theoretical models for empirical

analysis. Although the results shown in this thesis have significant implications, we

aren’t sure that our results still hold in reality. Therefore, we should check the

robustness of our models and results empirically.
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