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Abstract: The proposed paper aims to provide the comprehensive market model for simulating Japanese domestic air transport market and evaluate the management policy of three airports located in Osaka Metropolitan Area; KIX, ITM and KOB. The proposed model is developed based on Nash equilibrium theory and the model consists of three types of equilibrium: equilibrium between airlines, between passengers, and between airlines and passengers. The developed model is applied to the current Japanese domestic market and the model’s reproducibility is considered to be good. Finally, we carry out the scenario studies of management schemes.
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1. INTRODUCTION
Managing a multiple airport system in Osaka metropolitan area has been a serious problem since 1993; the problem is “how to have a balance in air transport demand between the in-city congested airport and the newly-opened big suburban airport.” Osaka International Airport/ITM is the in-city airport, which is located in 30 minutes away from the central district of Osaka City, 30 minutes away from Kobe City, and 60 minutes away from Kyoto City. ITM has been working as an “urban” airport and as a “very convenient” airport for air passengers. However, due to its airport noise problem, ITM has been working under very strict constrains, such as its limited operation hour. Therefore, a new big airport was needed for increasing air transport demand in Osaka metropolitan area.

In 1993 the Kansai International Airport/KIX opened as the main airport in Osaka Metropolitan Area. As the political measure, KIX is given the role of both domestic and international airport, while ITM shut down its services for international flights, and diminished its services for domestic flights.

KIX is located in the southern part of Osaka Prefecture and it is an offshore airport, so that its access condition is less convenient than that of ITM; we take more than 60 minutes from any big city in Osaka Metropolitan Area by any transport facilities. Due to KIX’s “inconvenient” location, the growth of the domestic air transport demand of KIX has been very slow--sometimes even declined. Contrarily, ITM has taken the share of domestic air transport demand from KIX because of its convenient location since 1997 in spite of its strict constrains. The airport authorities therefore face the issue in airport management-KIX whose growth of demand is sluggish has big capacity, on the other hand ITM whose domestic demand is increasing has limited operation. Thus, the difficulty of management of these airports raises the serious issue for the air transport management in Osaka Metropolitan Area.

Furthermore, the opening of the Kobe Airport/KOB in 2006 makes this issue more complicated. Although KOB is also the offshore airport, as it is located 15 minutes away from the central district of Kobe City and 35 minutes away from Osaka City, KOB is expected to work as “conveniently” as ITM.
After April 1st 2006, the runway capacity of ITM for wide-body jet aircrafts is reduced, and moreover, multi-engines wide-body jet aircrafts, i.e. DC10/MD11, A340 and B747s, are prohibited from using ITM. This new operation scheme makes the issue more complicated. 
KIX and newly-opened KOB are expected to cover the large reduction in passenger transport capacity at ITM. In particular, KOB is designed only for domestic air transport. Nevertheless, it is sometimes argued that whether they could deliver the expected result is skeptical, because KIX is less-convenient in location and the catchment area of KOB overlaps with of ITM. Furthermore, it is also considered that passengers may choose the bullet train services if ITM reduces its runway capacity, and then both KIX and KOB will have over-capacity problems. In order to operate the three airports efficiently, the effective management scheme of three airports is required.

One possibility of effective management scheme is “separating use of airport.” Currently, both of Japanese major airlines, JAL and ANA, operate flights at these three airports. If one airline leaves ITM—currently it is very congested— and move its base airport to KOB, how much impact can this movement bring? If this movement brings less negative impact on passengers and adjusts the imbalance of air transport demand between KIX and in-city airports, this movement may be adopted by airport authorities.

This paper proposes the comprehensive air transport market model and simulates the behavior of both airlines and air passengers at three airports with the developed model in order to give a useful suggestion to the issue. In the scenario studies, we focus on the potential of KOB and evaluate some management schemes for KOB and other airports. And the final goal of this paper is to evaluate the impact of management schemes by scenarios.
2. THE MODEL

We assume that there are two types of decision makers in the domestic air transport market: airlines and passengers. Airlines aim to maximize their net profit by controlling the network structure; passengers aim to minimize their travel cost by choosing the optimal travel paths. As we assume that each decision maker wants to adopt the optimal strategy, this situation is regarded as the equilibrium state. Here, we should note that there are three types of Nash equilibrium in this system: Nash equilibrium between airlines, between air passengers, and between airlines’ strategy and air passengers’ strategy. Existing researches dealing with the hub/network competition considering the passengers’ route choice (Kanafani and Hansen, 1988; Zhou and Harker, 1990) focus on the equilibrium between airlines, so that they do not consider other types of equilibrium. However, the lack of the latter two equilibria provides the less practical structure of the market: For example, the factor of congestion which is naturally considered when air passengers reserve seats is included in the equilibria between airlines’ strategy and air passengers’ strategy.

Some literatures following these approaches (Adler, 2002; Hsu and Chow, 2003) improve the model structure by introducing User Equilibrium with Fixed Demand (UE/FD) theory to the passengers’ route choice behavior. As a result, these models are able to handle all of three types of equilibria, and these models should provide detailed information about the market, such as passenger route choice, flight frequency, and so on. However, unfortunately, UE sometimes works as “non-differential” constraints on the competition between airlines. This “non-differentiability” makes handling the model behavior hard, so that it is difficult to obtain the stable equilibrium solution. In order to reduce this difficulty, introducing the theory of Stochastic User Equilibrium with Fixed Demand (SUE/FD) is effective. Since SUE adopts a Logit type allocation, it basically gives “differentiability” in passenger’s utility function.
The presented model also deals with three types of equilibrium and we, furthermore, adopt the SUE/FD with bottleneck (Bell, 1995; Zhou, Lam and Heydecker, 2005) in the passengers’ route choice. This improvement gives the easy-to-handle characteristics to the model.
2.1 Airline’s Behavior
We assume that an airline maximizes profits by controlling flight frequencies for each OD market. Many literatures addressing the oligopoly competition between airlines (Brander and Zhang, 1990; Oum, Zhang and Zhang, 1995) adopt either the quantity competition or the price competition. Since we formulate the competition at the annual level, the quantity competition should be acceptable. In the quantity competition, the carried passengers’ volume is the control variable. 

Generally, in the quantity competition, the price function is yielded as the reverse demand function. If we assume that passengers evaluate the flight frequencies as an element of generalized travel cost, the demand which equals to the passengers’ flow can be expressed as the function of flight frequencies. Eventually, the competition by controlling the flight frequencies can be regarded as a class of the quantity competition
. 
Let a certain commercial link be 
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 means 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, 
[image: image6.wmf]n

l

f

. Note that if each airline is “homogeneous”, the airfare of route k in rs OD market,
[image: image7.wmf]rs

k

p

, is uniquely given as 
[image: image8.wmf]rsrs

k

pp

=

.
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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 is the flow of passengers from r to s on route k; Ω is 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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is passenger flow of link l operated by airline n; 
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 is an optimal value function representing 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 exceed available number of seats. Constraint set (3) means the general constraint set of 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 Passengers Behavior

Passengers are assumed to choose the best available routes under carriers’ strategies. In this interactive structure, we also assume that each carrier gives passengers detailed information about routes.

We assume that air passengers choose their best routes by comparing disutility that each route gives, and passengers’ disutility mainly consists of three elements; travel time, travel costs and connectivity. Travel time includes not only line haul time but also access/egress time between centroids and airports, travel cost includes access/egress fees and airfares, and the connectivity is described as flight service frequency for each OD market.

Now we explicitly consider the transport capacity limitation. Since each aircraft has a limitation of available seats, transport capacity in each link is limited. That is, if all available seats of route k are full, passengers cannot choose route k. This type of allocation problem is formulated as the traffic allocation problem with bottleneck. Many studies apply the stochastic allocation theory to the air passengers’ behavior, so that henceforth we adopt SUE/FD with bottleneck for this analysis. In this paper, we follow Bell and his followers’ formulations (Bell, 1995; Zhou et al., 2005).

Let the disutility of passengers who use link l be 
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, should be preserved. Moreover, we consider 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 is a predetermined distribution parameter in SUE.

Equation (6) is the object function, which is modified from Bell’s formulation described as the path-based formulation. Equation (7) is the O&D flow preservation constraint sets. In equation (6), we set the disutility function as 
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Since the congestion cost resulting from the link flow capacity constraints is included in the passenger’s disutility function, the passenger’s disutility function on commercial link l, 
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, can be strictly treated as a convex function. The problem PMIN is the 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).
2.3 Equilibrium and Optimization

The above problem can be expressed as Quasi Variational Inequality Problem (QVI).
[Airline’s Profit Maximization Problem: AMAX-QVI]
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and constraints (2) to (5) hold,                                  (10)

where 
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 means the OD passenger flow which use route kn provided by airline n.

For solving the above QVI problem, we adopt the projection method with Method of Successive Average/MSA (Lam, Zhou and Heydecker, 2005).
Since this model assumes the quantity competition, if a bypass route is involved in every O&D market, AMAX-QVI has a local solution. 
3. APPLICATION
3.1 Market
In this chapter, we apply the model to the current Japanese domestic market and evaluate the validity of the proposed model. The target year is 2000.

First, since O&D traffic table is modified from the Traffic Survey 2000 (Prefecture level survey) which deals with annually aggregated data, we modify this data to one day trip data. Second, we focus on the Osaka Metropolitan Area based on the long trip O&D demand. Then we select the O&D market by the following rules:

1) Passengers can choose air transport mode.

2) When air transport mode is chosen, jet aircrafts are mainly used in the market.
Following these rules, we set four O&D zones: Hokkaido/Tohoku, Tokyo Metropolitan, Osaka Metropolitan, and Kyushu/Okinawa regions. The structure of O&D table is shown in Table 1.

Table 1: Structure of O&D Table

	Region
	Hokkaido/Tohoku
	Tokyo Metro.
	Osaka Metro.
	Kyushu/Okinawa

	Hokkaido/Tohoku
	0
	0
	A
	0

	Tokyo Metro.
	0
	0
	B
	0

	Osaka Metro.
	A’
	B’
	0
	C’

	Kyushu/Okinawa
	0
	0
	C
	0


In the Table 1, matrix A, B and C stand for the non-zero matrices. In each Region, Prefectures and Airports listed in Table 2 are included.
Because of the geographical condition of the airports, in Osaka Metropolitan and Fukuoka/Saga, the O&D passengers can choose the departure/arrival airport, and other O&D passengers are given a predetermined departure/arrival airport when they choose air route. 

Since the operational cost per seat-kilometer is given as the marginal cost, in this numerical computation, we may reasonably consider , the marginal cost per seat-kilometer to be predetermined and fixed, while the average cost per seat is variable. The marginal cost per seat-kilometer is obtained by adopting Brander and Zhang’s method (Brander and Zhang, 1990). We use the financial data of JAL/ANA reported by Ministry of Land-use and Transport (1998-2003).

The operational cost, 
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where 
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Table 2: Prefectures and Airports

	Region
	Prefecture
	Airport(s)

	Hokkaido
	Hokkaido
	Shin-Chitose

	Tohoku
	Yamagata
	Yamagata/Shonai

	
	Miyagi
	Sendai

	
	Niigata
	Niigata

	Tokyo Metro.
	Tokyo
	Haneda

	
	Kanagawa
	

	
	Gunma
	

	
	Saitama
	

	
	Chiba
	

	
	Ibaraki
	

	
	Tochigi
	

	Osaka Metro.
	Osaka
	Osaka, Kansai, Kobe

	
	Kyoto
	

	
	Hyogo
	

	
	Shiga
	

	
	Nara
	

	
	Wakayama
	

	Kyushu/Okinawa
	Fukuoka
Saga
	Fukuoka, Saga

	
	Kumamoto
	Kumamoto

	
	Oita
	Oita

	
	Nagasaki
	Nagasaki

	
	Miyazaki
	Miyazaki

	
	Kagoshima
	Kagoshima

	
	Okinawa
	Naha


As for the passengers’ route choice behavior, we adopt the following construction of disutility function:
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where, ACC_T is the access time of route r; ACC_C is the access cost of route r; LINE_T is the line haul time of route r; LINE _C is the airfare of route r; OPEN is the operation hour of air network. The final term of the right side means the average waiting time at the airport relating to use of route r. The final term is the function relating to the upper problem, AMAX. From ACC_T to OPEN, all of these values are predetermined and fixed. The values of parameters of equation (12) are calibrated under the following rules:

1) The value of parameter for travel time is equal to one.

2) Other parameters are normalized under the condition shown in 1).

Unfortunately, passenger’s behavior data, Survey 2003, does not include the full information of route choice by individual behavior, so that we should adopt the parameter estimation method to aggregated data. As a result, we estimate the value of parameters for travel cost (
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) at 0.195, other value at 1.000. The distribution parameter, θ, is set at 0.160. 
3.2 Model Validation

We apply the model to the actual domestic transport markets. The total number of airport pairs, i.e. service links, is 50 and total number of paths is 902, which includes bypass routes. Although there were three carriers in Japan—JAL, ANA, and JAS, JAS was merged by JAL. Then we assume the duopoly on Japanese market as the competition, because JAS flights are regarded as JAL’s flight in the computation.
Note that the data of air passengers’ flow choosing JAL/ANA/JAS are summed up —aggregated— due to the data limitation. Henceforth we evaluate the model’s accuracy on the link flow as the aggregated demand.
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                           Unit: PAX per day
Figure 1: Link Flow: Air Passengers (2000)

Figure 1 demonstrates the accuracy of the model by depicting the observed and computed link flow. The correlation coefficient is estimated at 0.879. To the extent of Figure 1 and the correlation coefficient, the model seems to reproduce the passengers’ behavior. As for the reproducibility of flight frequency, its correlation coefficient is estimated at 0.566 (see Fig. 2).
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Figure 2: Service Frequencies (2000)

3.3 Scenario Studies: Multiple Airport System and Its Management Scheme

In this section, the management scheme of multiple airport system after the Kobe airport opened is discussed. First of all, we should introduce a benchmark for the comparison between scenarios. We set the passengers’ flow and disutility for the current network and airfares as the benchmark. As mentioned in Chapter 1, since April 1st, 2006, wide body jet aircrafts with multiple engines such as B747 and MD11 are prohibited from using ITM, therefore, the number of available seats is largely reduced. The numbers of flights per day for each airline by airport are shown in Table 3.
Table 3: Current Slot Allocation per Day (April, 2006)

	A
	B

	ITM
	108
	ITM
	132

	KIX
	26
	KIX
	40

	KOB
	24
	KOB
	14


Under this condition, the total number of air passengers is 66,270 /day, and the average disutility is 24.17. The average load factor of both airlines is 61%, which is smaller than 78%, the actual load factor reported by the airport authority. It is supposed that the assumption of the mono size aircraft operation on each link gives this gap.

Adopting the above frequencies as initial condition, the result of the “optimization in frequencies” is shown in Table 4. Please note that in the following computations, we neglect the runway capacity constrains in other congested airports such as HND, SAP and FUK, in spite of the fact that these airports actually have strict runway capacity constrains. Thus in the following scenarios, we evaluate the idealistic/potential relations of KIX, ITM and KOB.

Table 4: Optimized Flight Frequencies per Day (April, 2006)

	A
	B

	ITM
	93.89
	ITM
	104.71

	KIX
	18.83
	KIX
	24.85

	KOB
	22.0
	KOB
	15.77


In the case of “Optimized,” the output of each airline is different because of the difference in operational cost. Since the computed operational cost of airline B is lower than that of airline A, airline B gains more profit than airline A. 

The total number of service frequencies decreases from 344 to 280.05 flights/day. Since the model assumes that airlines tend to  increase the flight frequencies in congested markets and reduce the flight frequencies in the less-profitable markets in order to raise load factors. As for the passengers’ flow, the total numbers of air passengers are 58,137/day; 8,133 PAX leave from this market. Meanwhile, the average disutility drops from 24.17 to 24.01, which shows that the “air” passenger’s benefit is improved. It is supposed that the airlines reduce the number of flights in unprofitable services and increases the number of flights in profitable services. 
Now we have the information of benchmark, then, let us consider the management policy of multiple airport system in Osaka Metropolitan Area. We focus on the potential of KOB because its potential is still skeptical.

In the scenario studies, we set the following management schemes.
1) One of two airlines shuts down its services at ITM and moves them to KOB.

2) As the option of scheme 1), the airline using KOB can shut down its services at KIX.

3) The other uses both KIX and ITM.

Table 5 shows the list of scenario studies. In the Table 5, A and B mean the airlines, and “YES” means that the airline has the service flight at the airport, while “NO” means the airline has no service at the airport. We deal with the competition between Full Service Carriers in Case 1 (weak separate use policy), Case 2 (moderate separate use policy), Case 3 (strong separate use policy), and in Case 4 we evaluate the impact of the LCC’s intruding. For instant understanding, we swap the legacy carrier’s network services to LCC’s. In Case 4, we assume that both airfares and operating costs are discounted by 30%. Note that in these scenario studies, we do not set the runway capacity constraints on KOB for evaluating the potential efficiency of each policy.--KOB’s actual runway capacity constraint is up to 60 flights per day due to the physical limitation of airspace. The results are listed in Table 6 and the results focusing on the airlines’ revenue are listed in Table 7.

From Table 6 and 7, we have different conclusion in different viewpoints:

1) If we evaluate the amount of PAX, the regulated situation (Benchmark) is preferable.

2) If we attach great importance to the air passenger’s average disutility, the moderate separate use policy (Case 2) is preferable.

3) If we consider the equality of profit between oligopoly carriers, the weak separate use policy (Case 1) is acceptable.

Table 5: List of Scenarios

	Index of Scenario Studies
	ITM
	KIX
	KOB

	Benchmark/Optimized
	A:YES，B:YES
	A:YES，B:YES
	A:YES，B:YES

	Case 1) both FSC
	A:YES，B:NO
	A:YES，B:YES
	A:YES，B:YES

	Case 2) both FSC
	A:YES，B:NO
	A:YES，B:NO
	A:YES，B:YES

	Case 3) both FSC
	A:NO，B:YES
	A:NO，B:YES
	A:YES，B:NO

	Case 4) B as LCC
	A:YES，B:NO
	A:YES，B:NO
	A:NO，B:YES


Table 6: List of Results-Frequency, PAX, and Disutility 
	Index
	Airline A
	Airline B
	Amount of Freq.
	Amount of PAX
	Average Disutil.

	
	ITM
	KIX
	KOB
	ITM
	KIX
	KOB
	
	
	

	Bench.
	-
	-
	-
	-
	-
	-
	340
	66,270
	24.17

	Opt.
	-
	-
	-
	-
	-
	-
	280.05
	58,137
	24.01

	1
	80.48
	38.15
	28.79
	X
	41.74
	64.83
	253.99
	50,093
	23.76

	2
	85.82
	37.41
	28.26
	X
	X
	69.53
	221.02
	40,822
	23.72

	3
	X
	X
	107.63
	99.79
	19.02
	X
	226.44
	42,013
	25.17

	4
	91.34
	41.47
	X
	X
	X
	68.16
	200.98
	37,518
	21.63


Table 7: Comparison of Profits
	Index
	Airline A
	Airline B
	Total

	Bench.
	100
	100
	100

	Opt.
	84.3
	125.4
	104.9

	1
	93.6
	87.7
	90.6

	2
	102.3
	37.3
	69.8

	3
	43.2
	140.0
	91.5

	4
	90.6
	33.5
	62.1


Several interesting characteristics are found in Table 6. First, the competition may reduce the total flight frequencies. Second, as for the amount of PAX, the current (Benchmark) scheme is most desirable. Third, in terms of improvement of the air passenger’s average disutility, the separate use (Case 3) policy is more preferable than others, but the amount of PAX drastically drops. And this tendency is more emphasized in Case 4.

Hence, we may have one hypothesis that the strong network asymmetry, which means each airline has the different network shape and the different characteristics, reduces the network performance.
The comparison of profits (Table 7) also shows this tendency. It is understood that the current network with optimization (Opt.) policy is most profitable in terms of the total amount of profit. If we adopt the asymmetric network use (Case 1 to Case 3) policies, these policies do not bring about better profitability or they lead to unequal profitability. 
With the entry of LCC, it is supposed that LCC boosts the flight frequencies, but the result shows the opposite direction. The amount of PAX decreases, while the passenger’s benefit increases. Though it is commonly believed that LCC launching is welcome for improving air passenger’s disutility, this result suggests that the effect of LCC is limited. This limitation is supposed to appear under the separate use policy. For confirming this hypothesis, we should carry out further studies.
4. CONCLUDING REMARKS

This paper proposes a domestic air transport market model as a bi-level optimization problem and discusses the directions of management of multiple airport system in Osaka Metropolitan Area. 
The main findings and suggestions are listed below:

1) Optimized network reduces the number of air passengers.
2) The status that each airline has slots at each airport is most desirable for air passengers.

3) LCC effect is limited under the separate use policy.

4) The strong network asymmetry reduces the network performance.

This study is a trial, so that we should improve our model and carry out more scenarios. One of the problems of our model is a less reproducibility of flight frequency. Its correlation coefficient is estimated at 0.566, and considered to be relatively low. Two reasons are supposed: First, we neglect the behavior of JAS, the third airline at that time. Second, we assume one representative aircraft on each service link. For example, we assume 747SR, which has more than 500 seats, on ITM-HND and some congested links, though some different types of aircrafts are operated in these links, such as B777 and B767. Since we assume the airline wants to exploit the economy of density, they reduce the flight frequency and raise load factors as highly as possible. This mechanism may cause the underestimation.

As of scenario studies, we did the limited number of scenario studies, so that we should carry out further scenario studies in order to verify these suggestions listed in 3) and 4).
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