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Abstract

Multiple airports system in a metropolitan area usually has operation rules such as domestic-int'l division and perimeter restriction.  Japan’s capital Tokyo has two large airports, Narita Int'l Airport (NRT), which is used for international flights, and Tokyo Int'l Airport (HND), which is domestic hub.  In the near future HND will expand its capacity drastically, so that Japanese government considers relaxing the regulation for the int'l flights.  This paper aims to examine the influence of the change of the rule.  We apply a network equilibria model to the Japan-based international air transport market and simulate the impacts of new operation rules.
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1.  Introduction

Multiple airports system in a metropolitan area usually has operation rules such as domestic-int'l division and perimeter restriction.  When the policy change of the rules is planned, estimating the quantitative influence by policy alternatives contributes to decision making.

As for Japanese situation, we have two large airports in Tokyo Metropolitan area, Narita Int'l Airport (NRT), which is used for international flights, and Tokyo Int'l Airport (HND), which is well known congested airport and domestic hub.  Currently HND has the regulation that restricts scheduled int'l air services.  Since NRT is located far from Tokyo Metropolitan area, HND's internationalization has been requested for a long time.  As for travel to neighbor country like South Korea, passengers sometimes experience that access time to NRT is longer than international flight time.

On the other hand, Japanese Government conducts the new 4-th runway construction project of HND.  In spite of HND's limited use only for domestic air transport, the capacity is heavily constrained.  The capacity expansion project will increase the number of slot from 270 thousand to over 400 thousand.  Although the primary purpose of the new runway project of Haneda Airport is capacity expansion for domestic air transport, it may also produce some margin for international transport.  Japanese government therefore considers relaxing the regulation for the int'l flights by assignment of margin slots
).

Japan Civil Aviation Bureau (JCAB) is considering some alternatives of the new rules of slot allocation for international flights.  For example, perimeter based regulation is however one candidate.  The internationalization of HND will affect the relationship between NRT's market and HND's market.  There should be some important factors that can change the influence such as foreign points to serve from HND directly.

Some previous researches (MLIT(2003), Ishikura(2005), Ueda et al.(2005)) measured the economic effects brought by HND's expansion project.  However, such research's attention is only capacity expansion of domestic air transport; the influence of HND's internationalization has not been analyzed quantitatively.  This paper aims to analyze the influences through the simulation studies by using a network market equilibrium model.
2.  Methodology

3.1.  Assumptions of the Model Analysis

This paper applies an air transport network equilibria model whose structure is based on Takebayashi and Kanafani(2005).  This section describes the important assumption of the model analysis.  The theoretical framework of the model is represented in the next section.
We assume that two carriers distinguished by flag compete in an international (inter-airport) market.  Since bilateral agreement actually restricts the entry into international air transport market from/to Japan, third country's airline can hardly enter the market.  The difference of cost structure of the airlines between countries may be larger than it between airlines in same country.  That is why we assume this market situation.
Another important assumption is exogenous international air fare.  An airline maximize its profit by controlling only frequency in international air market.  Although the reason of this assumption is mainly to let the problem be easy to solve, we can often observe the fact that the fare in a route is almost same without depending on air carriers.  The theoretical framework of the model can handle variable fare system.
We add some other specific assumptions in order to emphasize the viewpoint of analysis.  The model assumes fixed OD demand; we analyze the competition between airlines in an international route.  Our model does not take into account the constraint of aircraft scheduling and aircraft ownership.
2.2.  Model Formulation

In this section, we briefly present the model formulation.  This model is based on the model developed by Takebayashi(2004) and Takebayashi and Kanafani(2005).  Furthermore, the part of passengers’ behavior is modified by following Zhou’s approach (Zhou et al., 2005).  The detail of the model structure is same as Takebayashi et. al,(2006).
2.2.1  Airline’s behavior

Let a certain commercial link 
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 means a link operated by the airline n; 
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 mean a set of links operated by the airline n.  The service route provided by the airline n is indicated as 
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 is a set of service routes that the airline n provides.  Following the basic assumption mentioned above, the control variables of the airline n are flight frequencies, 
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.  Note that if each airline is “homogeneous”, the airfare of route k in rs OD market,
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The airline n’s profit maximization problem can be formulated as:

[Airline’s Profit Maximization Problem: AMAX]
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where
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 denotes the flow of passengers from r to s on route k; Ω denotes a set of O&D pairs; 
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 is a dichotomous variable that takes one when kth route in rs OD market is operated by airline n and otherwise it takes zero; 
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denotes passenger flow of link l operated by airline n; 
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 denotes aircraft size on link l operated by airline n; 
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 denotes a dichotomous variable that takes one when kth route in rs OD market involves link ln and otherwise it takes zero; 
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 shows general constraints relative to 
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 is an optimal value function with respect to air passengers’ route choice behavior.

Object function (1) consists of profits (first term), and costs (second to fourth terms).  Constraint set (2) expresses that the number of air passengers do not excess available seat number.  Constraint set (3) means the general constraints with respect to flight frequency.  Constraint set (4) shows the non-negative/positive constraints of control variables.  Constraint set (5) shows the flow of passengers defined as the best response function to carriers’ behavior.

2.2.2  Passengers Behavior

We assume that air passengers choose their best routes by comparing disutility that each route gives; passengers’ disutility mainly consists of three elements; travel time, travel costs and connectivity.  Travel time involves access/egress time between centroids and airports as well as line haul time; travel cost involves access/egress fees and airfares; the connectivity is expressed as flight service frequency for each OD market. In this paper, we adopt SUE/FD with bottleneck for this analysis.  In this article, we follow Bell and his followers’ formulations (Bell, 1995; Zhou et al., 2005), so that we adopt SUE/FD with bottleneck for describing the air passenger’s behavior.

Let the disutility for passengers who use link l 
[image: image25.wmf]l

u

.  Since we assume the fixed demand in the passengers allocation, the OD flow volume between origin r to destination s,
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, should be preserved.  Moreover, we concern the link flow capacity constraints.  Therefore, the general formulation of SUE with bottleneck is given as:

[Passenger’s Route Choice Behavior as SUE with bottleneck: PMIN]
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where, θ denotes a predetermined distribution parameter in SUE.

Equation (6) and (7) are the same as Bell formulated.  Constraint set (8) shows the link flow capacity constraint, which consists of aircraft size, 
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Since the congestion cost due to the link flow capacity constraints is involved in passenger’s disutility function, the passenger’s disutility function at commercial link l, 
[image: image33.wmf]l
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, can be strictly treated as a convex function.  The problem PMIN is a convex programming problem, so that the congestion cost on link l is obtained as the value of Lagrangean multiplier, λl, reflecting the activity of constraint set (7).

2.2.3  Parameter Estimation

Parameters of the model are given from some statistical data sources.  ICAO's financial statistics (Series F) specifies the airline's cost parameter in the operating cost function.  By the assumption, unit cost (per kilometer) is different among airlines according to its flag.  The cost function is namely given as following equation.
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where 
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 denotes unit cost parameter of airline n; 
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 denotes the length of link l.

The estimated parameters are shown in table-1.

Table-1  Unit Cost Parameters of Airlines

	
	flag
	parameter ($/pasenger-kilometer)
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	Japan
	0.097
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	Korea
	0.083
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	China
	0.073


source: ICAO




We use int'l passenger movement survey data produced by JCAB for estimation of parameters of passenger's behavior and OD volume.  Disutility function is specified as follows.
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where

D_pl: Monetary cost regarding domestic transport at link l
I_pl: International air transport cost (air fare) at link l
Tl: Time related factor at link l
T: Available time (=24hours)

I_Tl: Line-haul time of international air transport at link l
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: Frequency of international air transport by airline n at link l
D_Tl: Line-haul time of domestic transport at link l
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: Frequency of domestic transport by airline n at link l
ACT: Access time at link l
TYO: Dummy variable regarding Tokyo route; (=1 if link l is included in a path via Tokyo)

As for the parameter calibration, we use the International Air Passenger’s Census data by JCAB.  Values of LOS variables of access by mode, such as airways, railways and buses/subways are picked up from diagrams.  Transfer times at NRT and HND are from OAG Flight Guidebook.  Note that all cost parameters are given as USD under the assumption of exchange rate of 1USD=110JPY.

Since international flight services do not begin yet at HND and the regular price of airfare of international flight is homogeneous, we calibrate the parameters relating to the route choice as of binary choice between direct flight from local airport and flight via NRT.

Table-2  Passenger Behavior Parameters

	
	parameter
	t-value
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	-0.0234
	-150.36

	
[image: image45.wmf]2

a


	-0.0098
	-112.30

	
[image: image46.wmf]3

a


	-0.0630
	-128.84
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	0.71
	28.52

	Adjusted Likelihood Ratio
	0.305


3.  Numerical Simulation Analysis

3.1. Overview 

In the numerical computation, we assume a simple duopoly market; we deal with the head-to-head competition between Japan flag carrier and Korea/China flag carriers.  Basically, Japanese central government adopts the “bilateral agreement” as the international air transport agreement.  In this context, it is rational to assume that when HND accepts the international flights, airlines which start its operation are Japan flag carriers and the airlines of counterpart countries of bilateral agreements.  Since wage level, capital cost, and other cost factors are different, airline’s cost structure must be different between countries.  Therefore, it is rational to assume the oligopoly competition between representative flag carriers.

In the computation, we have following assumptions:

1) The airfares as predetermined and fixed.

2) Airlines aim to maximize their net profits by controlling international flight frequencies. 

3) Each O&D flow is predetermined and fixed.

4) The feeder flights in domestic flights are not operated by foreign carriers.

5) We do not deal with the airline’s aircraft rotation and aircraft selection.

These assumptions are for refusing complexity in computation. Assumption 1) is reflecting the IATA’s fare structure; actually, international airfare in certain service link 

3.2. Scenario Studies 

In this section, we discuss the scenario studies for evaluating the airport management policy under multiple airport system in Tokyo Metropolitan Area.  As mentioned in INTRODUCTION, allocation of international flights to HND is very serious problem because of concerning the balance between HND and existing international airport, NRT.

Since HND is much closer to the center of Tokyo metropolitan area than NRT, passengers generally prefer HND use if there is no restriction.  The simulation aims to understand the market characteristics by comparing results of some patterns of HND's international operation.
Note that since we discuss the short stage international markets, we evaluate the market performance per day in the following applications.  Flight frequency is a continuous variable in our computation.  Non-integer frequency results therefore appear in the following analysis.

(1) Japan/Korea Market

This market is known as the busiest international market relating to Japan.  It is generally accepted that the operational cost of Korean carriers is lower than of Japanese carriers and Korean carriers are more competitive in operational costs than Japanese carriers.  When Korean carriers begin their service flights, their competitiveness will affect to Japanese carriers' behavior and passenger's route choice.
Table-3: Japan-Korea(Seoul) Market

	Scenarios
	Carriers
	Airport
	Freq.
	PAX
	Load Factor

	Both use NRT

(Benchmark)
	JPN
	NRT
	5.40
	1363
	84%

	
	KOR
	NRT
	5.84
	1375
	78%

	Both use NRT and HND

(Case 1)
	JPN
	NRT

HND
	0.93

5.40
	1.5

1362
	1%
84%

	
	KOR
	NRT
	0.97
	1.5
	1%

	
	
	HND
	5.84
	1374
	78%

	JPN uses HND

(Case 2)
	JPN


	NRT

HND
	0.99

4.67
	296

1402
	100%

100%

	
	KOR
	NRT
	5.06
	1040
	68%

	KOR uses HND
	JPN
	NRT
	4.49
	995
	74%

	(Case 3)
	KOR
	NRT

HND
	0.96

4.85
	287

1456
	100%

100%


The results are listed in Table 3.  Let us see each policy’s impact on airlines’ strategies.  When both airlines use HND, both mainly use HND for international flights; therefore, total number of flights remains the same.  Note that we set the minimum flight frequency constraints on NRT flights for mathematical reason, which means fLOW=1, so that NRT flights have positive numbers; but actually this constraints are slightly violated.  Amount of PAX also remains the same.

Results from Case 1 to Case 3, it is also found that if carriers are accepted to use HND as international airport, they concentrate their flights to HND. This tendency may be acceptable in general sense.  On the other hand, if the airport authority (the Government in Japan) adopts the asymmetric use policies, i.e. Case 2 and Case 3, the results are totally different.

In Case 2, which assumes that Japanese carriers use both HND and NRT but Korean carriers is denied to use HND.  In this case, both carriers reduce total flight frequencies.  Furthermore, the load factor of Japanese carriers’ flights increase from 86% to almost full.  The same tendency can be found in Case 3.  When Korean carriers operate international flights from HND, they reduce flight frequencies and increase load factors.  These results imply that when the unequal HND use policy shrinks flight frequencies.  Above discussions consequently say that HND’s international use affects on airlines’ behavior, however there is almost no impact on air passenger’s benefit.

Airlines have incentive to concentrate their services on HND.  Under the situation that airport capacity has no constraint and airlines can choose airport freely, the services may shift from NRT to HND.  If asymmetric use of HND is permitted, the airline which uses HND will maximize load factor of the flights from/to HND.  The frequency decrease results imply that the dominant use in HND market may bring monopolistic supply situation.  When price rigidity condition is relaxed, airfare of HND route in the asymmetric condition may rise more than duopoly condition.
(2) Japan/Mainland of China Markets

Secondly, let us concern the Japan-Mainland of China markets, i.e. NRT-SHA and NRT-BEJ. These markets are recognized as rapidly growing markets relating to Japan because of the tight economic relation between Japan and Mainland of China.

In the numerical computations, unfortunately Case 3 does not have a result.  Case 1 shows the head-to-head competition between Japanese and Chinese carriers.  The result of Case 1 says that this close competition does not affect on the airlines’ behavior; each airline’s service frequencies from HND almost remains the same that frequencies appearing in Benchmark; they switch their service flights from NRT to HND.  This tendency is as the same that we find in Japan-Korea markets. 

However, in Case 2, we have some strange airline’s behavior. Japanese airlines do not increase their flights of HND-BEJ but remain the frequencies of NRT-BEJ. We need further investigation for understanding this result.

Table-4: Japan-Mainland of China Markets

	Scenarios
	Carriers
	Airport
	Freq.
	PAX
	Load Factor

	Both use NRT

(Benchmark)
	JPN
	NRT-BJS

NRT-PVG(SHA)
	4.03

2.61
	749

288
	62%
37%

	
	CHN
	NRT-BJS

NRT-PVG(SHA)
	4.67

3.03
	765

298
	55%

33%

	Both use NRT and HND

(Case 1)
	JPN
	NRT-BJS

NRT-PVG(SHA)

HND-BJS

HND-PVG(SHA)
	0.97

0.99

4.03

2.61
	0.95

0.28

748

288
	0%

0%
62%

37%

	
	CHN
	NRT-BJS

NRT-PVG(SHA)
	0.95

0.95
	0.94

0.27
	0%

0%

	
	
	HND-BJS

HND-PVG(SHA)
	4.67

3.03
	764

297
	55%

33%

	JPN uses HND

(Case 2)
	JPN


	NRT-BJS

NRT-PVG(SHA) HND-BJS

HND-PVG(SHA)
	4.02

1.00

1.00

1.61
	601

43

299

485
	50%

14%

100%

100%

	
	CHN
	NRT-BJS

NRT-SHA
	4.67

1.91
	614

58
	44%

10%

	CHN uses HND(Case 3)
	JPN
	NRT-BJS

NRT-PVG(SHA)
	Not convergence
	
	

	
	CHN
	NRT-BJS

NRT-PVG(SHA) HND-BJS

HND-PVG(SHA)
	Not convergence
	
	


(3) Discussion of role of airport: HND/NRT 

According to above discussions, when each airline is accepted to use HND as international airport, each airline will use HND as the primary airport and set the same frequencies.  Following this suggestion, we have remarks as below:

1) When JPN/KOR/CHN airlines use HND for international flights, this policy brings 18,673 flights per year.  Tentative slot capacity for international flight plans to be 30,000; therefore capacity does not constrain the market behavior currently.
2) All flights may shift from NRT to HND if there is no restriction of airline's airport use.  If Effective upper limit of international use is adopted, the regulation may affect to market condition.
3) Asymmetric use of HND may bring monopolistic condition; total flight frequency may be diminished.  However, the asymmetric use will be hardly accepted because of bilateral agreement practically.
4.  Concluding Remarks

HND has the much advantage of accessibility to downtown of Tokyo.  HND's internationalization will drastically affect to the market conditions regarding HND and NRT.  This paper simulates some scenarios about the internationalization of HND by means of a network equilibrium model.  The analysis results imply a possibility that all airlines permitted to choose airport will shift their all flights from NRT to HND.  Japan should prepare for this big move with regard to facilities, CIQ systems, and so forth.  

We however ignore some important factors in the model: competition between direct flight route to local airport and connecting route via HND/NRT, transit passenger through Japan, and slot capacity constraint in HND.  Our next research program plans to deal with these matters.
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�) JCAB reports the prospects of the use of Haneda Airport in near future. (http://www.mlit.go.jp/koku/04_outline/08_shingikai/05_bunkakai/index.html）
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