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a b s t r a c t

An airport bus service, which is newly introduced in a multi-airport region, commonly
leads to a gradually increasing market share of airports until a new state of equilibrium
is reached. With the goal of speeding up and enlarging the increase in market share, this
paper proposes a timetable optimization model by incorporating reactions of airport-
loyal passengers to bus service quality. The simulation part of the model, which uses cumu-
lative prospect theory to formulate discrete airport choices, results in predicted passenger
demand needed in the optimization part. Then a genetic algorithm for multi-objective opti-
mization problems called NSGA-II is applied to solve the model. To illustrate the model, the
‘‘Lukou airport-Wuxi” airport bus in China is taken as an example. The results show that
the optimized timetables shorten the cultivation period and impel the market share to
grow rapidly.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

With the rapid development of the civil aviation industry, the number of airports in China has increased substantially
during the last ten years (Wang, 2011). In order to attract more passengers, several airports have introduced new services
such as ‘‘an airport shuttle bus” and ‘‘a city terminal” to enhance their competitiveness (Zhang and Wu, 2012). The airport
bus is a new access mode, which provides no-transfer service for passengers outside the airport home city (bus travel time is
over 2 h), while the city terminal is a more comfortable station where passengers can check in for their flight (Su, 2013).

The demand for the airport bus service, conditional on airport choice, will generally depend on the utility or service qual-
ity of the bus (Harvey, 1987). In this study, we assume that service quality depends on departure times, frequency and reli-
ability of the bus service (Hensher et al., 2003). Departure times dictate the possible synchronization with airline departure
times (Li, 2013; Niu and Zhou, 2013). Similarly, a higher frequency will increase the accessibility and decrease waiting time
in the airport (Reijsbergen and Gilmore, 2014). Reliability in this study concerns the probability that the bus arrives on time,
considering the variability and therefore uncertainty in travel times (Gosling, 2006).

Higher frequency will improve the service quality of the bus service. However, the demand may be too low to support
such high frequency (Sun et al., 2011). Consequently, airport authorities wish to optimize the timetable of the airport bus
service. The previously proposed models, which only incorporate passenger demand for a single day (Yang et al., 2009), have
been constructed on the assumption that long-run demand for the airport bus is stable (no big difference between daily pas-
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senger volumes). However, when the airport bus is initiated as a new service with the purpose of increasing the market share
in the multi-airport region, the demand for the airport bus will not become stable instantaneously at the beginning of the
operation (Hwang and Hyun, 2014). It is more likely that the demand will gradually increase over time until an equilibrium
is reached (Maertens, 2012). The speed in responsiveness depends on airport loyalty, which can be described as the inertia in
airport choice behavior. It may hamper the switch in airport choice after the introduction of a new airport bus service
(Mohsan et al., 2011). We define this duration, in which passengers’ demand gradually increases until it converges to an
equilibrium, as the cultivation period.

Although the cultivation period is essential for seizing the market (Jou et al., 2011), it has been ignored for a long time
period (Shugan, 2005). As a result, the optimized timetables have tended to fail satisfying or inducing the time-varying
demand during this time period (Chaudhuri and Holbrook, 2001; Lian and Rønnevik, 2011). The consequence has been a cost
increase and loss of opportunity in gaining a larger market share.

This paper, therefore, aims at formulating a timetable optimization model that differs in two important respects from ear-
lier work. First, it explicitly considers the cultivation period; secondly, it takes into account dynamic airport choice during
the cultivation period, focusing on the impact of inertia/loyalty on transitions in airport choice behavior.

The structure of the remainder of this paper is as follows: the second section reviews the literatures on timetable opti-
mization and the impact of loyalty on dynamic airport choice behavior. The third section describes the problems that need to
be solved in developing a timetable optimization model that is founded on these principles. The fourth section then actually
formulates the timetable optimization model, while the fifth section describes the solution algorithm. Then, in the sixth sec-
tion a case study pertaining to the airport bus of ‘‘Lukou airport-Wuxi” is described. Finally, some conclusions are drawn in
the last section.

2. Literature review

The optimized timetable directly depends on passenger demand estimates (Chierici et al., 2004; Yan et al., 2006). Hence,
the effectiveness of the solution depends on the validity of the demand forecasts. The demand for the bus service depends on
the demand for flights departing from the considered airport, and the share of the bus service to go to the airport (Spear,
1984). The latter depends on the relative utility of the bus service compared to other available modes. This share is expected
to increase once more people become aware of the new bus service and experience it. Thus, ideally, time-varying demand for
the bus service should be predicted.

An examination of existing research, however, suggests that passenger demand has often been treated as fixed (e.g.,
Zhang et al., 2010; Sun et al., 2011). In their studies, passenger demand is a fixed, time-invariant exogenous quantity, which
is not affected by the service quality of the airport bus service. For example, Sun et al. (2011) optimized a transit timetable
based on the observed passenger demand, which was held constant. Zhang et al. (2010) optimized the timetable of a regional
airport bus by assuming that all the passengers outside the airport home city would depart for the airport by bus.

Relatively few studies have assumed that passenger demand varies with service quality. Cordone and Redaelli (2011)
designed a railway timetable that takes into account the reciprocal influence between the quality of the timetable and
the amount of transport demand captured by the railway. They found that transport demand changed with the frequency
of the train service, implying it was unrealistic to fix demand when designing the timetable.

In addition to frequency, the reliability of the services caused by uncertain travel times is another important factor influ-
encing service quality (Wardman and Batley, 2014). Ji et al. (2011) considered the impact of travel time uncertainty on pas-
senger demand when designing a bus timetable, and found that a higher reliability improved passengers’ satisfaction,
resulting in an increased demand for the bus, further influencing the settings of the bus schedule. Therefore, the effect of
travel time reliability on passenger demand should be incorporated in timetable optimization (Shigihara et al., 2013).

Moreover, as the airport bus is a feeder travel mode (Groves and Cain, 2000), passenger demand to the airport bus is
related to their air travel plans. Therefore, the better the departure times are synchronized with flight schedules, the shorter
the waiting time and hence the higher the demand for the airport bus (Ashley and Kateley, 1996). Bao et al. (2011) therefore
optimized the timetable of the shuttle bus operating within the airport home town by considering the relationship between
bus departure times and flight times.

In this study, because the aim is to attract more passengers through the airport bus, the interaction between demand and
service quality, which is assumed determined by frequency of the bus, departure times and travel time reliability, will be
incorporated in the timetable optimization during the cultivation period.

All these previous studies optimized the timetable based on short-term (mostly one day) passenger demand (Chen et al.,
2004). Others argued that change in passenger demand involves a longer time period, and this longer term should be con-
sidered in the model (Liebchen and Möhring, 2002). For example, Alexandersson et al. (1998) analyzed the competition of
Swedish local bus services and argued that bus capacity, timetable, and fares should be considered when estimating long-
run passenger demand.

Thus, in this study, we assume that passenger demand increases gradually over time during the cultivation period
(Chaudhuri and Holbrook, 2001; Thompson and Sinha, 2008). Any transitions in airport choice are taken into account
(Hussain and Rizwan, 2014). When an airport bus is launched, passengers may change their airport because of the improved
accessibility (Nesset and Helgesen, 2014). However, it takes some time before the market becomes aware of such improved
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