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Time Series Analysis of Air Transportation Service Quality and Travel Demand in Japan

Abstract

The evolution of domestic air travel service in Japan is a product of many factors including airline responses to the changing aviation market, government interventions in terms of regulatory/deregulatory policies, infrastructure investments, and changes in market structure. This paper presents an empirical investigation of the changing quality of passenger airline service and its implications in domestic aviation market in Japan using qualitative review, and a time series analysis of the domestic airline markets from 1986 to 2003. The results show that to meet the ultimate aim of deregulation to increase air passengers’ welfare gain, there is a need to instill measures to correct service imbalance and to create innovative airport demand-capacity management measures.
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Introduction

Advocates of air deregulation claim that competitive market increase public welfare by making prices more affordable and airlines more productive. The degree of competitive pressure has also been argued as one of the motivational factors for airlines to improve its service efficiency (Alam and Sickles, 2000). However, a number of negative outcomes have surfaced out of free aviation markets. Some of these problems are congestion in hub or central airports, price wars, consolidations, and bankruptcy (Kahn, 1988). One of the main causes of these problems is the failure to anticipate long-run strategies and responses of airlines to endure in a highly competitive environment. One of the needs for effective policy setting in a passenger aviation market is to be able to anticipate possible strategies of airlines to ensure a considerable cut in the total demand. This is necessary in avoiding detrimental effects of deregulation in terms of network imbalance and inequalities on macro-level economy. 

About twenty years have passed since the deregulatory course of the Japanese domestic aviation market started. Throughout this period, improvements in the service quality of airline industries had taken place. With the domestic passenger demand increasing twofold since 1986, the number of scheduled airline departures increased 1.8 times and the total seat capacity increased about 2.2 times. These figures highlights two contrasting points in the liberalized air market in Japan - on one hand is the continuously expanding domestic aviation market, and on the other hand is the slight excess in capacity, which is causing financial losses in the airline industries.

Many studies had been conducted on the effect of deregulation on passenger demand (Nepal et al., 2006), and network characteristics (Ida and Tamura, 2005) in Japan. Other studies had dealt with the joint effect of air deregulation and the transport system (Okada et al., 2006, Yamaguchi et al., 2002). Limited studies had investigated the long-run relationship of service quality and domestic travel demand in Japan. Long-term effects of deregulation should be considered as airline industries in many markets become unstable in the long-run (Button and Stough, 2000).
This paper aims to contribute in characterizing how carriers respond in terms of service quality adjustments to maintain and acquire domestic market niches using time series data of domestic passenger aviation in Japan. The characterization of this relationship is helpful in formulating policies that may prevent ill effects of the deregulation on air passengers in terms of welfare loss. The article consists of two main parts – (1) background of the domestic aviation market and the evolution of airline services in Japan, and (2) a time series analysis of a panel data of Japan domestic airlines’ service and operational variables from 1986 to 2003. The next section provides an overview of the series of deregulatory policies that shape the current state of the Japanese aviation market. The third section proceeds to discuss the changes in airline industries’ service quality brought about by these policy measures. The fourth section presents an analysis of the strategic behavior of airlines using the panel data. Finally, the last section offers findings and policy recommendations.
Air Deregulation Policies in Japan

Strong market regulation characterized the airline service industry before 1986 - Japan Airline (JAL) served international routes; both JAL and All Nippon Airline (ANA) served domestic trunk routes; and ANA and Japan Air System (JAS) served local domestic routes. The Civil Aeronautic Law (CAL) of 1952 imposed a strict system of government licensing over airlines. Most of service related factors such as serviced routes, flight capacity, and fare were subjected to the approval of the government. Fare rates were usually proportional to distance. 

The subsequent rise in passenger demand on the trunk routes (i.e. routes between Sapporo, Tokyo, Osaka, Fukuoka, and Naha) prompted policy makers to introduce gradual competition in the market. In 1986, two or three carriers were allowed to operate on high-demand routes
.  Many criticized this move towards liberalization as the systems of strict licensing and approval remained unchanged (Yamauchi and Ito, 1995). In 1997, the demand standards were abolished, and double and triple tracking were allowed in all routes. Fare deregulation was also imposed in stages.  In 1990, standard cost systems defining fare zones were implemented. By 1994, fare discounts of as much as 50% of the standard price were already allowed prior to approval. Discounts for advance purchasers were introduced in 1995, and a vital move to infuse more flexibility in pricing was done in 1996 when airlines were given pricing flexibility through a 25% standard fare deviation and were allowed to set their own normal fare. The deregulation process likewise propped up the emergence of startup airlines. To help in entering the market, startups were allocated some fix number of flights in their routes in 1994. They were further given departures and arrival slots in the new runway in Haneda airport in 1997.
The recent 2000 amendment to the CAL made significant attempts to address the growing industry by escalating competitiveness in the market, addressing the diverse needs of the passengers, and increasing safety. The three main features of the revised law were: (1) easing entry of new carriers by the abolition of supply-demand restriction and changing the licensing system into permit system evaluated only on safety requirements; (2) the system for changing fare for domestic lines were changed from authorization system to advance registration system (ARS); and (3) changing schedule and routes in regular domestic airports where changed to ARS except for busy airports with traffic restrictions that still employ authorization system
. 

The deregulatory efforts of the government to escalate competition in the market were relatively conservative compared to that of the US. The benefits of deregulation in the domestic air service in Japan in FY 2002, which was estimated to be around 24.9 billion dollars
, more than matched the adjusted annual benefits from of deregulation in the 1980s in the US, which is about 22.7 billion dollars (Morrison and Winston, 1989). Deregulation, as different as they may be in terms of approach and mechanisms, has generally resulted in increased public welfare.

Post-deregulation Changes in Domestic Airline Service

The deregulation in Japan highlights the gradual relaxation of entry and fare restrictions from 1986 to 2000. Right after the multiple-tracking system was introduced in 1986, a steady decline in aviation market concentration was observed. Figure 1 shows that the Herfindahl-Hirschman Index (HHI)
 decreased 1.3 times from 1986 to 2003. On the other hand, the travel demand continue to increase at a steady rate with some peaking in 2001 potentially caused by disincentives to travel because of exogenous shocks (i.e. 9-11, SARs). Other than these reasons, the demand for air transportation remains to be in good shape and shows trend of gradual growth in the future.  We discuss in this section the changes in the airline industry after doses of deregulation policies imposed by the government on the aviation market. Discussions include entry of new carriers, consolidations, fare competition, network changes, capacity constraints in Haneda airport, and industry strategies.

New Carriers, Bankruptcy, and Mergers

After the mandate on fixed market segments in 1986 was removed, the competition in domestic air service was limited to the three big carriers - ANA, the privatized JAL, and JAS.  To maximize yield by addressing market segments and increasing efficiency in services, the two main airlines expand services by delegating smaller subsidiary airlines to serve regional routes. JAL’s subsidiary airlines include Japan Air Commuter (JAC) and Japan Transocean Air (JTA) during the regulatory regime and Hokkaido Air System (HAC), J-Air, JAL Express (JEX) in the late 1990s. ANA, on the other hand, has Air Nippon (ANK). 
New players enter the market after lightening of entry restrictions in 1994. In 1998, Skymark Airlines (SKY) entered the Tokyo-Fukuoka route and a local startup, Hokkaido International Airline (Air Do/ADO), entered the Tokyo-Sapporo route. Recent entrant, Skynet Asia Airways (SNA), entered the Tokyo-Miyazaki route in 2002. As the competition became fiercer, startups had hard times competing in the market. Air Do filed bankruptcy protection from creditors in 2002 while SNA sought the help of state-backed Industrial Revitalization Corporation of Japan in 2004. Airline failures of incumbent and new carriers were common sights in liberalized air markets elsewhere in the world.

Post-deregulation regime is an era of airline mergers driven by economies of scale. After the Fair Trade Commission (FTC) decided that the merger of the 1st and 3rd biggest carrier will not create unfair competition in the network, JAL and JAS merged in 2002. ANA, disapproving at first, receded and allied itself with the new airline Air Do. It agreed to help Air Do in its restructuring and later entered into a code-sharing agreement with the airline. Competition of full-service domestic carriers was then trimmed into duopoly, the JAL/JAS merger and the ANA/ADO partnership. A relatively successful startup Skymark Airlines, which had also suffered losses, diversified its routes by taking in routes slots given up by ANA due to the JAL/JAS competition
.  Driven by corporate strategies, main carriers and new entrants entered into code-sharing agreements in the recent years; JAL and Skymark agreed to share codes in April 2005, and ANA and Sky Net Asia began code-sharing in April 2006. 
Fare competition

Indeed, deregulation had changed the battlefield of domestic airline industries from service quality competition to price war. While fares remain to be slightly proportional to distance, the volume of discount tickets has extensively increase. The 2003 Airport Passenger Survey conducted by the Ministry of Land, Infrastructure, and Transportation shows that around 75% of air passengers use some kind of discount tickets irrespective of trip purpose (See Figure 2). Business traveler even showed strong preference for discount tickets. Group discount tickets, on the other hand, are marked down for leisure travelers. Various discounts tickets are available for tourists, advance planner, birthday celebrants, frequent flyer, senior citizens, students, early/late flyers, and passengers of highly competitive routes. Deep discounts of as much as 60% are available for tickets bought in advance (Ito, 2003). Cutthroat fare competition among full-service carriers and startups has transpired and is still happening in many routes. At one time, ANA and JAL/JAS offered discounted tickets close to that of the discount airline rival in the Tokyo-Miyazaki, Tokyo-Fukuoka, and Tokyo-Kagoshima lines. With main carriers still having bonus mileage incentives, the startups became clear inferior options. In response, FTC issued a warning of violation of Antitrust Law as they are not reducing prices across the board but only to routes serviced by the startup airlines. 

Network Capacity Constraints

Compared to the US, the air network in Japan has shorter trips and lesser frequency (Figure 3 refers). They, however, show the same tendency of more frequent flights for shorter distance (500-1,500 km) origin-destination (OD) pairs. Haneda airport, with a demand equivalent to 60% of the network, is one of the busiest airports in the world. Heavy competition both in local and trunk routes has caused airlines to maximize resources – to enter profitable routes, and to withdraw from unprofitable ones. Figure 4 shows the route entries and withdrawals in four route types. Majority of route entries and withdrawals were borne by the trunk (Haneda excluded) and local lines. A route specific HHI trend is shown in Figure 5. Thick solid lines represent trunk routes, thin solid line represents main domestic routes, and dashed lines represent local lines. The figure shows that market concentration in trunk and main domestic line has improved over the year. Local lines show unstable trend as carriers come and go because of weak demand. In the trunk lines, the degree of concentration has gradually dropped at the onset of deregulation in 1986. However, in 2002, when airlines collaborated and merged just two years after entry restrictions were lifted, concentration started to climb up again.
The Ministry of Transport reallocates the slots in capacity-constrained Haneda every five years. While network carriers held majority of the slots, incentives were given to startups by allocating some slots in their preferred routes. In 2004, startup airlines were given 20 slots to boost up competition in a number of major trunk lines. Airlines used some operational strategies to increase passenger capacity. To go around capacity constraint, Skymark operated night flight for the Tokyo-Okinawa routes during the high-demand summer months. 

Regional Jets

Regional jets were not as popular in Japan as in the US. In the US, regional jets became popular about two decades after deregulation particularly in regional lines feeding hubs of major airlines. It offers cheaper seat-kilometer cost that makes it appropriate for medium distance, high frequency lines (Poole Jr. and Butler, 1999). Figure 6 shows the average seat capacity per OD stage distance in Japan and the US. It can be seen that the US carriers’ operational characteristics, i.e. using smaller aircraft for short distance and high frequency flights, tends to be different to that of Japan, i.e. using big aircrafts in short distance, high-demand routes particularly those connected to Haneda airport. Post-deregulation trend, however, shows that from the mid 1990s, Japanese airliners have been decreasing the size of their aircraft and in doing so are increasing their load factor (See Figure 7). Moreover, main carriers ANA and JAL have added smaller jetliner in their fleet to add flexibility to their operations. The regional lines subsidiaries of these major carriers have been successfully using smaller aircraft in their regional lines. It is deemed that the future expansion of Haneda airline will mark the full entry of regional jets in Japan market.

Air-rail Competition

In June 2000, the three main carriers introduced ‘air shuttle flights’ to compete with Central Japan Railway Co., the owner of Tokaido Shinkansen Line for the Tokyo-Osaka route
. The airlines improved their services to match the convenience of the bullet train. They introduced service quality improvements such as discounted and bargain tickets, shared counters, shared booking service, increased frequency (1 flight per 30 min.), and luggage allowance. Tokaido Shinkansen, in an attempt to level off, made additional stop in another major station, Shinagawa, and increased its frequency to match the airlines. The competition that transpired in the Tokyo-Osaka route has clearly given the consumer greater benefits through better services.

Time-Series Analysis of Airline Service Level and Market Share 
Deregulation resides on the precept that competition is an impetus for service quality improvement in the airline industries.  However, the airline industries, motivated by the aim of long-run cost recovery in volatile markets have generally adopted industry strategies that produce losses rather than gains for the public. Airline industries that are given liberty in setting service quality level adopted diverse profit-maximizing strategies that involve increasing capacity in high-demand routes and streamlining in low-demand routes. As a result, air passengers in minor routes are inconvenienced by the wide difference in service quality (Ida and Tamura, 2005).
To understand how airlines respond to market forces under deregulatory regime in terms of changes service quality in the long-run, we conducted a panel regression analysis of annual Japanese airlines statistics from 1986 to 2003. The data is unbalanced as many new entrants came after the regulations relaxing entry restrictions. Limitation of route-based airline revenue data prevented us from conducting route-based analysis.

The database is compiled from three main sources: (1) the Air Transport Statistics Annual Report published by the Ministry of Land, Infrastructure and Transport, 1986-2003, (2) the Aviation Statistics Handbook published by the Japan Aeronautics Association, 2005, and (3) Annual Financial Reports of JAL and ANA. The data used in the analysis include annual observations are ANA, JAL, JAS, ANK, JTA, JAC, JEX, SKY, and ADO. Not all airlines were included in the analysis because of missing explanatory variable and insufficient data.

We use panel analysis to get inference on the inter-airlines and temporal dimensions. The linear regression model is defined as observations of airlines i=1…N in time periods t=1…T. Pooled, fixed-effect, and one-way random-effect models were estimated using TSP 4.5  We present here the results of the estimation of ordinary least square (OLS) model for the pooled data and the one-way random effect generalized least squared (RE-GLS) model shown in equation 1 and 2, respectively.
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yit represents the dependent variable that is the market share, x represent the K number of independent variables, β represents the Kx1 vector of parameters, α is the intercept and the μit is the random error and υit is random effect associated with the error distributed IID(0,συ2). Hausman test is used to test random effects. The specification showing the explanatory variables used in the analysis is shown in equation 3 below. 

	
[image: image3.wmf]it

it

it

YIELD

STGE

RTNO

PLSIZE

FRQ

l

MKTSHR

m

b

b

b

b

b

a

+

+

+

+

+

+

=

ln

ln

ln

ln

ln

ln

5

4

3

2

1


	(3)


Variables are log-transformed for easier interpretation. Five variables explain the dependent variable market share (MKTSHR). These variables are related to the airlines operating characteristics that indicate their level of service, namely, number of departures per year (FRQ), average number of available seat per flight, which is a proxy for plane size (PLSIZE), number of operational routes (RTNO), aircraft stage length or average route distance (STGE), and the yield per RPK (YIELD). A high frequency of flights represents service quality improvement as it allows passenger more leverage in planning their trips and lesser opportunity cost. It can represent either spatial origin-destination distance or how carrier’s aircraft optimize its stage length through efficient altitudes. PLSIZE is computed by the annual seat capacity of carrier divided by the number of departures. Plane size corresponds to a number of service related factors such as the nature of the routes in terms of demand needs and the quality of in-flight travel. RTNO represent extensiveness of the network covered by the carriers. Yield per RPK represents general health of the carriers’ service management and, in part, the degree how competition affects their operations. Table 1 shows the linear regression estimates. The first set of models uses the observations from the full service carriers ANA, JAL and JAS, while the second set of models uses the data of nine carriers including the startups. Since the goal of the model is to predict airline strategy to increase market share in relation to service quality variables, we disregard multicollinearity existing in the models due to correlation in log transformed RTNO and FRQ.
Both the pooled OLS model and the random effect GLS models show significant estimates. Both the RE-GLS model shows significant autocorrelation. Although the signs of the explanatory variables shows consistent signs, the scale of parameters are quite different. The models show that the service quality improvements needed by the full-service carriers are more deterministic than that of the general carriers. The general airlines need more drastic improvements in increasing departures, upsizing aircraft, streamlining routes, and minimizing stage distance, to be more competitive in the market. In terms of departure for example, models suggest that for main carriers, a 10% increase in the number of departures will have a corresponding 5% increase in market share increase assuming other variable remains constant. The needed increase of departures for the same percentage increase in market share is higher at 12% for general airlines. 
Estimates of RE-GLS2 also show that in the long-run increase in the number of departures has the greatest impact on market share. Another important factor of almost equal effect is the plane size which imply that a 10% increase in the aircraft size in terms of seats indicate an 11% increase in market share. The trade off between the number of departures and the aircraft size is important in the stand of the carrier as decision maker. The tendency of Japanese carriers to prefer bigger airliners may be because of their problem in increasing frequency of departures due to capacity constraints like in the case of Haneda airport. This strategic behavior can potentially change after the expansion of Haneda airport when carriers gain some leverage in increasing the frequency of their flight. By this time, with increase in departures capacity, small to medium size aircraft may be useful in increasing service capacity and yield. The model also imply that neither increasing the number of routes, nor longer OD distance or inefficient flight altitude, is good for improving competitiveness of a carrier in Japan. 
The negative relationship of number of routes and market share in the long term is due to the heavy competition that had taken place after the deregulation. For instance, after ANA lost its monopoly in the domestic market in 1986, its market share halved despite almost two times increase in the number of routes. On the other hand, when the new entrant Sky Mark dropped Osaka-Sapporo and Osaka-Fukuoka line due to lack of profitability in 2001, decreasing its number of routes from three to two, it gained about 27% increase in its market share from 1999 to 2001.
The models reveal a lot about potential concerns in a liberalized aviation market environment. One of the problem is the pending network imbalance in the distribution of the fruits of air liberalization should strategy of carriers to concentrate on more profitable high-demand routes continue. Passengers of local and low-demand routes do not realize the same benefits as those of the passengers of high-demand routes. Moreover, Haneda airport plays a critical role in ensuring a carrier’s market niche. This concern is particular to the competitiveness of new players in the industry.

Conclusion

Deregulation has changed the airline service industry in Japan. As the competition increases, new carriers struggle to survive while network carriers feel the pinch of the rivalry. The challenge on the supply-side is finding optimum service level and fare structure that will maintain their share of market. On the demand-side, more airline choices, cheaper air tickets, more frequent flights, and better services are becoming more and more available particularly to the passengers of trunk lines. Strategies involving mergers and consolidations become a dominant strategy after the deregulation.
The review and analysis we made in this paper identified two main concerns. First is the airline strategies that are causing network imbalance as it is causing service level disparity between trunk line and regional/local lines. Second is the central role of the hub, i.e. Haneda airport, in the network. The general tendency of carriers to survive the deregulated markets is to maintain sustainable flight frequency and capacity in Haneda. Considering the changing attributes of markets in Japan, policies that will ensure network balance and efficient management of traffic in central airport are badly needed. Policies such as air network reconfiguration, capacity management systems, transport system planning, and innovative regulation/deregulation measures in the airline industry are some of the possible answers. The expansion of Haneda airport in 2009, which will increase in its capacity 40%, provides windows for employing some of these solutions.
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Table 1. Market Share Linear Regression Estimates

	Variable
	Main Carriers
	Nine Carriers

	
	OLS1
	RE-GLS1
	OLS2
	RE-GLS2

	
	Coef.
	t-stat.
	Coef.
	t-stat.
	Coef.
	t-stat.
	Coef.
	t-stat.

	lnFRQ
	0.7758
	(7.34)
	0.5479
	(5.45)
	1.2987
	(18.33)
	1.2531
	(20.51)

	lnPLSIZE
	1.3093
	(6.20)
	0.8574
	(4.30)
	1.5225
	(16.88)
	1.1347
	(11.10)

	lnRTNO
	-0.2466
	(-2.85)
	-0.1614
	(-2.39)
	-0.2951
	(-4.50)
	-0.3291
	(-6.11)

	lnSTGE
	-1.1058
	(-2.18)
	-0.7540
	(-1.89)
	-1.0642
	(-7.99)
	-0.9126
	(-7.97)

	lnYIELD
	0.7507
	(4.39)
	0.5405
	(3.77)
	0.0639
	(0.59)
	0.2344
	(2.63)
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	-6.9272
	(-2.77)
	-3.8012
	(-1.71)
	-12.6632
	(-12.49)
	-12.7144
	(-12.62)
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Figure 1. Aviation Market Demand and Market Concentration
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Source: 2003 Air Passenger Survey, MLIT

Note: Percentages from 140,141 samples

Figure 2. Ticket Type and Trip Purpose 
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Figure 3. Comparative Network Characteristics of Japan and US 
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Figure 4. New and Withdrawn Routes 
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Figure 5. Route Specific Harfindahl-Hirshman Index 
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Figure 6. Comparative Network Fleet Characteristics of Japan and US
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Figure 7. Network Fleet Average Air Craft Seat Capacity and Load Factor
� Double-tracking and triple tracking was permitted for route with annual demand of greater than 700,000 and 1 million, respectively. This demand restriction was reduced to 400,000 and 700,000 in 1992, and 200,000 and 350,000 in 1996 until it was finally abolished in 1997.


� Civil Aviation in Japan 2005, Ministry of Land, infrastructure and Transport (http://www.mlit.go.jp/koku/english/).


� Seisaku Koka Bunseki Repoto (Policy Effect Analysis Report), No. 17, 2003, Cabinet Office, Japan.


� Herfindahl-Hirschman Index is a market concentration indicator equivalent to HH= Σn=1..N MS2n where MS2ni is the market share of carrier n.


� ‘Skymark to take over two ANA flight slots’, Japan Times (www.japantimes.co.jp), 24 October 2002.


� ‘Air-rail battle sends passengers to No. 1 with a bullet’, Japan Times (www.japantimes.co.jp), 03 July 2001.
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