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Abstract

There are many studies on the impact of high-speed rail (HSR) on airplane travel demand, economic growth, connectivity, accessibility, 

and regional development. However, the degrees to which HSR affects the demand for conventional passenger trains and operation 

of conventional rail are rarely discussed. This study attempted to fill this gap by identifying and investigating the potential impact 

of introducing a high-speed rail network in Indonesia, focusing on its implications for conventional passenger trains and the overall 

sustainability of the transportation system, utilizing an origin-destination matrix, a stated preference survey and choice analysis. 

The results show that fare is an influential attribute compared to travel time. High-speed trains are substitutes for medium to long 

distance and complementary for short distance travel. The study provides valuable insights for transport operators, policymakers, 

and planners. Key findings include a nuanced understanding of potential demands, travel attributes, strategic considerations for 

optimizing HSR operational plans and sustainable transport.
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1 Introduction
To date, Indonesia has made significant progress in high-
speed rail (HSR) development, particularly with the 
operational Jakarta to Bandung route covering 89.4  miles 
(143  kms). The  Indonesia National Railway Masterplan 
further  emphasizes the nation′s commitment to HSR 
advancements, envisioning a comprehensive 446  miles 
(713 km) network connecting Jakarta to Surabaya, intending 
to reduce the travel time between these major cities to 
150–180  min, facilitated by trains reaching speeds up to 
170 mph (Coordinating Ministry for The Economic, 2023). 
It's essential to note that the current travel time between 
Jakarta and Surabaya is approximately 10 hours by executive 
train and 4 hours by plane, accounting for various pre-flight 
and post-flight activities (Nurhidayat et al., 2018). The last 
few decades have witnessed rapid growth in Chinese 
railway sectors in terms of travel demand and technological 

development (Chen and Haynes,  2017). This development 
included the introduction of high-speed rails (HSR) that 
affect conventional passenger train and cargo train services 
(Cheng and Chen, 2021). HSR has been the most significant 
technological breakthrough in the rolling stock industry 
since 1964 (Jiao et al., 2017). Chinese HSR network in 2020 
reached 37,900 km (Cheng and Chen, 2021), and it carried 
seven billion passengers in 1.7 billion trips a year. Meanwhile, 
HSR carried 143 million and 130 million passengers in Japan 
and France, respectively (Li et al., 2019).

Studies on the effect of HSR have been conducted on 
various aspects, including its effect on regional economic 
growth (Chen et  al.,  2016), travel demands and compe-
tition between HSR and plane (Chen et  al.,  2019; Gu and 
Wan, 2020; Nurhidayat et al., 2018, 2023; Ren et al., 2020;  
Wang et al., 2020b; Wang et al., 2020a; Yang et al., 2018a), 
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competition with conventional rail (Cheng and Chen, 2021), 
and the aviation industry (Bukovac and Douglas,  2019; 
Fu et  al.,  2012; Su et  al.,  2020; Wong et  al.,  2002; Zhang 
et al., 2019a; Zhang et al., 2017). However, the effect of HSR 
on conventional passenger and cargo trains remains unclear. 
The study by  Wang et al. (2020a) reported that the HSR net-
work has a substitution effect on intercity bus services. A shift 
toward high-speed trains has been increasingly supported 
due to environmental reasons, as the effect of air transport on 
environmental pollution has increased to an alarming level 
(D'Alfonso et al., 2016; Strauss et al., 2021; Yu et al., 2021). 
The study by Li et al. (2020) examined the effect of HSR on 
the conventional trains and found that HSR could reduce the 
conventional train travel frequency. Cheng and Chen (2021) 
reported a decrease in conventional train operational capac-
ity due to the presence of HSR service. Although the effect 
of HSR on conventional trains has been examined, further 
investigation into the attributes that affect HSR passengers' 
preferences, such as price, frequency, travel time, and the 
degree of their effect on each corridor, is necessary.

HSR expansion may cause economic loss and high market 
risk due to substantial construction costs (Zhao et al., 2015); 
hence, it is suggested to improve the conventional train ser-
vices to address the increasing demands instead of estab-
lishing a new HSR network (Wu et  al.,  2014). However, 
such an argument is still unclear as other cost components, 
travel time, and other variables should be taken into account 
in developing HSR (Ren et  al.,  2019). One of the factors 
responsible for a city's economic, environmental, and social 
development is the provision of proper public transportation 
with good service (Gwilliam, 2008). The development of the 
HSR network could improve the property value along the 
corridor (Chen and Haynes, 2015) and improve social wel-
fare (Wang et al., 2020c). Therefore, the government needs 
to apply proper regulations to improve the benefits of both 
modes of transport (Tsunoda, 2018) and consider the poten-
tial of intermodal integration (Socorro and Viecens, 2013) 
as it may enhance travel frequency and reduce emissions 
(Jiang et  al.,  2021). The considerable investment cost for 
HSR development has become a particular concern, espe-
cially when compared to investment for the conventional rail 
transport. Albalate and Bel (2012) state that HSR develop-
ment may cost between $22.5 to 50 million per mile, which is 
1.45 – 3 times higher than conventional railway development 
cost (Cheng and Chen, 2021; Li et al., 2020). The line between 
Jakarta, Cirebon, Semarang, and Surabaya carries 3.3 million 
people annually on executive trains. It implies that there is 
great potential for development along the corridor. On the 

other hand, HSR could pose a great challenge for the conven-
tional railway and aviation industry as HSR may serve as a 
complementary or even substituting mode for the same route, 
thus affecting the demands on the particular route.

Table  1 shows the distance, travel time by existing 
train and high-speed rail for the three main corridors 
of the Jakarta-Cirebon, Jakarta-Semarang and Jakarta-
Surabaya railway lines.

This study addresses several critical points to contrib-
ute to existing literature. Firstly, it assesses the current and 
potential demand for conventional passenger trains and 
operational capacity, utilizing the corridor capacity as a lim-
itation for each studied corridor. Secondly, it investigates 
travel attributes such as travel time and fare, which sig-
nificantly influence user preferences, along with assessing 
HSR's contribution to the passenger rail system's capacity. 
A stated preference survey is conducted to discern passen-
ger preferences and the potential impact of HSR services 
on conventional trains in each corridor. Lastly, the study 
provides a scientific basis for transportation planners to 
optimize HSR operational plans, serving as a strategic 
foundation for policymakers to guide investments in HSR 
development and sustainable transportation.

This paper is organized as follows: Section 2 presents rel-
evant studies, material and methods in detail. In Section 3, 
the analysis result of potential demands, travel attributes, and 
HSR effect are described. Lastly, the conclusion and limita-
tions of this study, as well as potential recommendations for 
future studies, are discussed in Section 4.

2 Materials and methods
Relevant literature on the effect of HSR on the conventional 
train services was reviewed, including literature related to 
travel attributes, stated preference survey, modal split, and 
discrete choice model to analyze the transportation impacts. 
Research gaps were identified based on the analysis of the lit-
erature. The literature review aimed to (a) describe the main 
attributes used in the HSR preference model and (b) under-
stand the effect of HSR in the Indonesian context in terms of 
social, economic, and route characteristics.

Table 1 Travel time and distance by existing rail services

Route Distance 
(km)

Travel Time using 
Existing Rail

Travel Time 
using HSR

Jakarta - Cirebon 210 2 h 31 min 46 min

Jakarta - Semarang 435 5 h 7 min 1 h 36 min

Jakarta - Surabaya 713 8 h 30 min 2 h 36 min
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2.1 Research gaps
Although a number of studies have evaluated the effect of 
HSR operation on regional economic growth, accessibility, 
connectivity changes, transit-oriented development (TOD) 
development around HSR stations, airplane travel and avi-
ation industry demand, limited attention is given to its effect 
on conventional train services, particularly the passenger 
train services. Previous studies examined HSR using avail-
able data panels, including travel data, service frequency, 
and departure schedule, and only a few studies investigated 
travel characteristics, travel variables, and service capac-
ity. As a result, the impacts on conventional train services 
when HSR is in operation remain unclear. The present study 
attempts to contribute to the body literature by first analyz-
ing the demands of the conventional train services on HSR's 
potential route. The route demands were presented in the 
form of an origin-destination matrix to illustrate the poten-
tials and the effect of HSR on each corridor. Second, identi-
fying the extent of the impact of high-speed rail operations 
on service distances. Third, examining the effect of HSR on 
conventional passenger trains to find out the role of HSR, 
whether it serves as a substitution or a complementary mode.

2.2 Travel attributes
Literature on travel attributes shows that some characteris-
tics, such as population density, land availability, recreational 
facility, city size, and accessibility, may affect passengers' 
preference for transportation modes, especially for stations 
located in urban areas (Beckerich et al., 2019; Hall, 2013; 
Kim et  al., 2018; Mohino et  al., 2014; Yin  et  al.,  2015).  
Some travel attributes, including cost, travel time, frequency, 
population, and GDP, are considered to significantly affect 
mode preference. Travel time was found to be an important 
factor in mode choice in China (Yang et al., 2018a; Yang 
and Zhang, 2012) and Europe (Dobruszkes, 2011). Various 
attributes such as travel frequency (Dobruszkes,  2011; 
Dobruszkes et al., 2014; Inoue et al., 2015; Lee et al., 2016; 
Park and Ha, 2006), income (Castillo-Manzano et al., 2015; 
Li and Sheng, 2016; Nurhidayat et  al., 2018), and ticket 
price (Albalate  et  al.,  2015; Behrens and Pels,  2012; 
Brueckner et al., 2013; Cascetta et al., 2011; Hofer et al., 2008; 
Zhang et al., 2017) were also found to significantly influ-
ence mode preference. A recent study conducted by 
Li et al. (2020) included frequencies, time, and seat avail-
ability as factors affecting mode preference in the mode 
choice model. Different demographic, social, economic, 
and geographic conditions of the route location may influ-
ence the characteristics of the trip maker and their travel 

attributes. Hence, it is important to evaluate the travel attri-
butes and the trains' operational capacity in different routes 
and see how their performance affects each corridor.

2.3 The impact of introducing HSR on air travel 
demand and conventional rail transport
The effect of HSR on the aviation industry has drawn signifi-
cant attention, and many studies have reported that HSR exhib-
ited a substitution effect on air transportation as it decreases 
demands on air transportation (Albalate et al., 2015; Chen 
and Haynes, 2017; Wan et  al.,  2016; Wang, et  al.,  2020b; 
Wang et al., 2018; Yang et al., 2018a), especially passengers 
of LCC or FSC classes (Clewlow et al., 2014; Lee et al., 2016; 
Su et  al.,  2020; Wang  et  al.,  2020d). The competition 
between HSR and air travel appears to be influenced by 
several attributes such as cost/tariffs, travel time, and fre-
quency (Delaplace and Dobruszkes, 2015; Inoue et al., 2015; 
Martín and Nombela, 2007; Yang et al., 2018a; Zeng and 
Wang, 2020; Zhang et al., 2017), distance, population, and 
GDP (Albalate et al., 2015; Bilotkach et al., 2010; Castillo-
Manzano et al.,  2015; Chen et al., 2016; Li et al.,  2020; 
Zhang et al., 2018; Zhang et al., 2020). The development of 
the HSR network is reported to significantly affect acces-
sibility and connectivity (Jiao et al., 2017) as well as the 
improvement of the economy (Li et al., 2018).

Meanwhile, a study by Li et al. (2020) applied a differ-
ence in difference (DID) approach and found that HSR 
operation affects conventional trains' frequency, even with-
out significant changes in tariffs and travel time. The study 
by Cheng and Chen (2021) also found that HSR operation 
decreased the conventional train route capacity. The study 
focused on the relationship between HSR and conventional 
train operations and partially depicted the effect of HSR 
on cargo train capacity. On the other hand, the study by 
Wu et al. (2014), who examined the HSR network expan-
sion to resolve issues on rail capacity, found that improving 
conventional trains is more feasible than establishing a new 
HSR network due to high investment costs.

2.4 The stated preference (SP) and choice modelling
Stated preference survey has been widely used in transpor-
tation and market research to determine the preferences of 
users towards new transport modes or products compared to 
existing ones (Nurhidayat et al., 2018). SP refers to a survey 
method that is used to assess user preference towards an alter-
native mode that does not yet exist. The survey framework 
consists of several scenarios of attribute combinations that are 
perceived to affect one's travel preference (Lee et al., 2016). 
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This survey is conducted to see the response regarding one's 
preference over several travel alternatives.

The mode selection model aims to determine the propor-
tion of people who will use each mode (McFadden, 1981). 
This process is carried out to calibrate the mode selection 
model in the base year by knowing the independent variables 
that affect the mode selection. After the calibration process 
has been carried out, the model can be used to predict the 
mode selection by using the value of the independent vari-
able for the future. Most studies employed a network anal-
ysis model, econometric model, and gravity model to inves-
tigate the mode preference and mode choice model (Cheng 
and Chen, 2021). A study conducted by Yang et al. (2018a) 
used regression panels from 2007 to 2013 and an economet-
ric model to demonstrate the negative effect of HSR oper-
ation on three major airlines in China (Zhang et al., 2017). 
Meanwhile, Wan et  al.  (2016) used the DID approach 
to depict the HSR operation in China, Japan, and South 
Korea. Lee et al. (2016) used a mixed logit model to iden-
tify the preference between HSR and airplanes for the 
Seoul-Jeju route. Cheng and Chen (2021) applied SEM 
to evaluate factors affecting travel behaviors and modal 
preference between HSR and conventional trains. A linear 
regression-based econometric model has also been applied 
to analyze the demands for HSR and air passenger traffic in 
Europe and forecasting practices (Clewlow et al., 2014). 
Table 2 shows various studies on the impact of HSR on 
conventional train and air transport services, including the 
type of model and research method.

2.5 Data collection
The stated preference survey and logit binomial model 
were used to model and predict conventional train passen-
gers' preferences on the HSR. Both techniques are com-
monly used for identifying travel attributes and passen-
gers' behaviors with regard to alternative modal preferences 
(Danapour  et  al.,  2018; Hess and Polak, 2005; Park and 
Ha, 2006;Román et al., 2007). Data were collected by distrib-
uting questionnaires and conducting interviews directly in the 
predetermined locations, i.e., train stations along the proposed 
HSR corridor (Gambir Station, Cirebon Station, Semarang 
Tawang Station, and Surabaya Pasarturi Station). The total 
number of respondents for the Jakarta-Cirebon corridor was 
250 respondents, 410 respondents for the Jakarta-Semarang 
corridor, and 378 respondents for the Jakarta-Surabaya cor-
ridor. Specifically, as illustrated in Fig. 1, the following cor-
ridors were included: Jakarta-Cirebon (JKT-CN), Jakarta-
Semarang (JKT-SMT), and Jakarta-Surabaya (JKT-SBI). 
The total track length of these corridors is 713 km (446 mil).

2.6 Design questionnaire
The SP survey compared two modes of transportation, 
including HSR and conventional trains, for each corridor 
mentioned previously. HSR was considered as the alternative 
mode of transport, while the conventional train was the exist-
ing mode. Travel attributes were also included in the ques-
tionnaire to describe the characteristics of these two modes. 
The variable was chosen based on analysis from previous 
studies. Fare and travel time were chosen as the main attri-
butes based on the analysis and review of previous studies 
about mode choice and user preference.

The questionnaire comprised four main sections. The first 
section is about the respondents' profiles, including age, 
gender, education level, occupation, and monthly income. 
The second section describes the passengers' travel charac-
teristics, including travel origin, origin base, travel purpose, 
total travel time, and total travel distance. In the third sec-
tion, the respondents were asked to rank the importance of 
factors affecting their preference: speed, comfort, safety, 
weather sensitivity, fare, punctuality, access, and security. 
The respondents were asked to rank the factors from the 
most important (1) to the least important (8). The fourth sec-
tion measured the passengers' preference toward the offered 
modes (HSR  and conventional train) when both modes 
were in operation (see Table 3). The participants were asked 
to complete a set of stated preference statements to indicate 
their preference towards the two modes in different hypo-
thetical scenarios of tariff and travel time. The participants 
needed to respond with their preference on each statement 
in a 5-scale Likert option, ranging from 1 (stay using cur-
rent mode) to 5 (move to new mode).

2.7 Analysis method: the model of user preference and 
model calibration
In this study, we used a stated preference approach to build 
a mode selection model based on the answers that have been 
chosen by the respondents. We then built a mode selection 
model to analyze the high-speed rail travel demand, and we 
used travel attributes, i.e., fares and total travel time. We set 
these two variables at different levels to obtain a combina-
tion of respondents' answers so that the best mode selection 
model could be obtained (Ben-Akiva and Lerman, 1985). 
In the rating technique, respondents expressed the degree 
of their best choice by using semantic and numeric scales. 
The scale was defined with sentences such as "Definitely 
choose A", "Maybe choose B", "Do not choose either". 
Respondents can be asked to express their preference for each 
choice by showing a certain score or by choosing between 
a pair of choices. If the respondents state their preference 
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among the chosen pairs, a scale of 1 to 5 is usually used 
to indicate the possible choices. Several practitioners have 
used the following symmetric scale: C1 = 2.197, C2 = 0.847, 
C3 = 0.000, C4 = −0.847, C5 = −2.197, which corresponds 
to the Berkson-Theil transformation of the following choice 
probabilities: 0.1, 0.3, 0.5, 0.7, 0.9 (Ortúzar andWillum-
sen, 2011). The utility function was built using the linear 
regression method.

According to the concept of random utility (Ben-Akiva 
and Lerman, 1985), the probability that a choice tends to 
alternative i is the same as the probability that the util-
ity of alternative i is greater than or equal to the utility of 
other alternatives from a set of alternatives. So the prob-
ability of alternative i being chosen by n individuals who 
are faced with some alternatives Cn is as follows:

Table 2 Studies of the impact of HSR operation on conventional rail and air transport services 

Author Type of model Research method Results

Cheng and Chen (2021) SEM Panel data
Although the impacts vary spatially in different corridors, 
HSR has been demonstrated to have a substitutional effect 

on conventional passenger trains.

Albalate et al. (2015) Multivariate econometric regression Level year panel 
data (route)

With considerable competition between HSR and 
airplanes, HSR can feed airports for long-haul flights.

Behrens and Pels (2012) Multinomial and mixed logit models SP HSR is a worthy substitute for airline travel

Zhang et al. (2020) Herfindahl– Hirschman Index (HHI) 
and Lerner index Paned data HSR wants to reduce demand for the airplane market

Wang et al. (2020d) Regression models Panel data Low-cost high-speed rail operations have an impact on air 
traffic and  full-service high-speed rail (FSR's)

Su et al. (2020) Econometric models Panel data The HSR contributes to lowering profitability and airfares

Mizutani and Sakai 
(2021) DID (Difference in Differences) Survey The HSR has an impact on airfare and medium distances

(Wu et al., 2014) - Panel data The operations of HSR led to a considerable reduction in 
travel demand as well as high investment costs.

Chai et al. (2018) Regression models Panel data The HSR travel time has a shock effect on aviation 
transportation

Chen et al. (2019) Regression models Panel data HSR entry reduced air passenger volume by 17.88% and 
flight frequency by 15.80%

Jiménez and Betancor 
(2012) Regression models Route-level data HSR service entry reduces air travel by 17%

Li et al. (2020) Nested logit, DID Panel data HSR service entry reduces the frequency of conventional 
rail services

Fig. 1 The three rail corridors utilized in the analysis
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P i C Prob U U j Cn n in jn n� � � � � �� �, 	 (1)

In the binomial logit model, Cn consists of two alternatives 
(for example, alternatives i and j), so the probability of indi-
vidual n choosing alternative i is:

P i C Prob U Un n in jn� � � �� � 	 (2)

While the probability of choosing alternative j is:

P Pjn in� �1 	 (3)

The binomial logit model is built on the assumption that 
εn = εjn – εin will be independent and identically distributed 
according to the logistics distribution function, as follows:

F
en n� � ���� � �

�
� � � � � ��

1

1
0, , 	 (4)

Where α is a parameter with a positive scale beside the 
approach with the normal distribution being quite good, the 
logistic distribution is easier to analyze. Assuming that εn is 
logistically distributed, the probability of choice for alter-
native i is given by:

P i Prob U Un in jn
� � � �� � 	 (5)

Data from field interviews were used to calibrate the util-
ity function for the new mode (HSR). A regression analy-
sis produced the constant value and coefficient for the util-
ity function (u (TD, CD)) that is used in the logit binomial 
function (Janić, 1993; Liu and Li, 2012).

Ui � � � � � � �� � �
0 1 2

travel time travel cost 	 (6)

Eq.  (6) shows the constant and coefficient values of the 
utility function. Based on the result of regression analysis 
with a 95% confidence level, we found that the ordinary least 
square value for the utility model is 0.50. It means that the 
utility model has good closeness to represent the real condi-
tion. The ordinary least square of 0.50 means that the influ-
ence of all attributes on the utility of this model is 50%, and 
the rest is influenced by other attributes that are not included 
in this model. A study on mode choice between HSR and 
economy and business class airplanes in Japan used a dis-
crete choice model with linear regression and an ordinary 
least square method (Mizutani and Sakai, 2021).

3 Results and discussion
3.1 Conventional rail potential demand
Demands for conventional trains and HSR in countries with 
both modes of transport tend to increase. The total conven-
tional train passenger demand in the next fifty years was 
predicted using the observed years (2012–2019) as the base-
line, and we used demand elasticity with income growth, 
annual average (Nurhidayat et al., 2018) and average growth 
of 2.4% and 4.3% per year (Kroes and Savelberg, 2019). 
Population growth averaged 1.31% (2012–2019), eco-
nomic growth averaged 5.71% (2012–2019), and regional 
development based on the regulation and predictive steps 
agreed upon by the transportation planners and policymak-
ers in Indonesia were also considered as factors that influ-
ence passenger demand growth. The data from Indonesia 
Railway Company (PT. KAI) demonstrates the increase 
in conventional train demands in the last few years. Fig. 2 
shows the potential demands for the conventional train ser-
vices in Indonesia, based on the average annual passenger 
increase and the travel origin-destination.

The potential demand for rail passenger travel based on 
origin and destination is depicted in Fig. 2 above for the years 
2019 through 2040. It is clear that the growth in each corridor 
varies. It should be pointed out that the COVID-19 epidemic 
caused a significant decline in demand for conventional train 
travel of about 70%, which was assisted by Indonesia's eco-
nomic development, which only reached 2.97%, starting in 
2020. Many nations have reacted to the COVID-19 outbreak 
by implementing economic strategies to mitigate its effects. 
Beginning in 2023, due to improved Indonesia's economic 
situation and lifting  the pandemic status, passenger growth 
will resume its typical pattern. The growth environment 
will revert to normal starting in 2028 (Gagnon et al., 2023; 
Takyi et al., 2023).

Table 3 The scenarios for the stated preference survey

Attributes Conventional HST Choice

Travel time (minute) 540 420

Travel cost/fare ($) 40 45

Travel time (minute) 540 420

Travel cost/fare ($) 40 60

Travel time (minute) 540 300

Travel cost/fare ($) 40 45

Travel time (minute) 540 300

Travel cost/fare ($) 40 65

Travel time (minute) 540 180

Travel cost/fare ($) 40 50

Travel time (minute) 540 180

Travel cost/fare ($) 40 70

Travel time (minute) 540 120

Travel cost/fare ($) 40 50

Travel time (minute) 540 120

Travel cost/fare ($) 40 75
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3.2 Travel attribute priority
The survey also covers the factors that influence the respon-
dent mode choice, as shown in Fig.  3. The result shows 
that most of the respondents choose safety and comfort 
as the most important factors that influence their mode 
choice, while the resistance to weather and fare are the 

lowest priority. Meanwhile, speed and punctuality have only 
medium priority in the mode choice. The speed of the vehi-
cle will affect the travel time; from this, one can say most of 
the respondents put travel time on a higher priority than cost.

Gundelfinger-Casar and Coto-Millán (2017) found that 
fare and travel time are important attributes that determine 
the modal preference in Spain. Similarly, Ma et al. (2019) also 
reported that fare and travel time are the most influential attri-
butes of HSR modal preference for the Beijing-Shanghai route. 
Fare and travel time are consistently reported to be the main 
factors affecting one's preference (Capozza, 2016; Martín and 
Nombela, 2007; Ortúzar and Simonetti, 2008; Zeng and 
Wang, 2020). Li and Sheng (2016) found that HSR travel time 
is the most important factor in affecting HSR market share.

As has been discussed in Section 2, travel time and ticket 
fare are the two most dominant attributes that influence the 
travelers' mode preference (Yang, et al., 2018b). The analysis 

(a)
(b)

(c) (d)

Fig. 2 Visualization based on network keywords from Author keywords: (a) Jakarta–Cirebon; (b) Jakarta–Semarang; (c) Jakarta–Surabaya; (d) 
Semarang–Surabaya

Fig. 3 Priority of travel attributes in transport mode selection
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results indicate that travel time is the main attribute (p < 0.05) 
that influences mode preference in the Jakarta  –  Surabaya 
Corridor. The results also show that ticket fare has a smaller 
coefficient and does not significantly influence the mode 
choice for the Jakarta – Surabaya Corridor. In other words, 
the travelers on the Jakarta – Surabaya Corridor tend to 
choose their mode of travel based on the travel speed since 
they are more concerned about the travel time. The result 
is different from previous studies in China that found that 
both travel time (Yang, et al., 2018b) and ticket fare (Xia and 
Zhang,  2017; Yang, et  al.,  2018a) significantly influenced 

mode choice. Meanwhile, studies in Europe found that travel 
time and trip frequency significantly influence the mode 
choice (Dobruszkes, 2011) and (Behrens and Pels, 2012).

3.3 Modal competition HSR
We used the discrete choice model to find attributes (e.g., 
traveling time and fare) that influence travelers' choice of 
transport mode (HSR or conventional rail) and the impact 
of introducing HSR on the conventional rail route between 
Jakarta and Surabaya. Table  4 summarizes respondents' 
characteristics, including gender, age, level of education, 

Table 4 Respondents' characteristics

Demographic and socioeconomic Categories
Jakarta-Cirebon Jakarta-Semarang Jakarta-Surabaya

Tot. Perc. Tot. Perc. Tot. Perc.

Age

Below 18 years 12 4.8 12 2.9 5 1.3

18–29 years old 80 32.1 133 32.5 77 20.4

30–39 years old 60 24.1 95 23.2 92 24.4

40–49 years old 58 23.3 71 17.4 115 30.5

50–60 years old 21 8.4 61 14.9 50 13.3

61 and above 18 7.2 37 9.0 38 10.1

Gender
Male 175 66.3 250 61.1 244 64.7

Female 74 29.7 149 36.4 125 33.2

Lev. of Education

Junior high school 16 6.4 21 5.1 24 6.4

Senior high school 89 35.7 119 29.1 123 32.6

Diploma 21 8.4 27 6.6 25 6.6

Undergraduate 100 40.2 185 45.2 176 46.7

Postgraduate 18 7.2 50 12.2 18 4.8

Occupation

Civil servant 12 4.8 50 12.2 42 11.1

Private employee 106 42.6 173 42.3 122 32.4

Businessman/entrepreneur 56 22.5 49 12.0 86 22.8

Professional 6 2.4 10 2.4 5 1.3

Students 37 14.9 51 12.5 35 9.3

Housewife 19 7.6 39 9.5 50 13.3

Others 11 4.4 29 7.1 32 8.5

Monthly income

< IDR 3 million 49 19.7 75 18.3 74 19.6

IDR 3–6 million 79 31.7 113 27.6 94 24.9

IDR 6–9 million 40 16.1 69 16.9 85 22.5

IDR 9–12 million 22 8.8 38 9.3 49 13.0

IDR 12–15 million 8 3.2 17 4.2 22 5.8

IDR 15–18 million 5 2.0 20 4.9 9 2.4

IDR 18–21 million 1 0.4 6 1.5 3 .8

> IDR 21 million 13 5.2 14 3.4 10 2.7

Trip Purpose

Work 161 64.7 278 68.0 208 55.2

Social purposes 39 15.7 59 14.4 95 25.2

Vacation 19 7.6 23 5.6 22 5.8

Business 9 3.6 16 3.9 25 6.6

School/college 11 4.4 13 3.2 13 3.4

Others 1 0.4 155 12 3 .8
Source: Authors' calculation.
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occupation, and their traveling purposes. These data are use-
ful for further comparing the characteristics of passengers 
of different traveling modes for each corridor. Most of the 
respondents were between 18–49 years old, i.e. in the pro-
ductive age range. Most of them worked as private employ-
ees or businessmen/entrepreneurs, which explains their 
need to travel between cities. It is in line with the trip pur-
pose of the respondent. More than half of the trip purposes 
were related to working trips.

The binomial model was used for the proposed mode 
preference model to explain the attributes affecting the 
HSR modal preference and their effect on conventional 
train services. Each respondent's answer was examined to 
find out its consistency with traveling time and cost as the 
main factor. The answer was also further categorized based 
on explanatory factors, including travel frequency, mode of 
transport, travel purpose, and socioeconomic conditions. 
The survey's results also indicated that most conventional 
train users have two primary characteristics: they tended to 
be under 49 years old and came from average middle-class 
workers. Most respondents (75.4%) were under 49 years 
old, and 80% had less than $800 income for the Jakarta-
Surabaya route. It suits big cities' income characteristics, as 
Moss and Qing (2012) asserted.

This study focused on the difference in both train fare 
and travel time, which are considered to significantly 
affect passenger's preferences (Mizutani and Sakai, 2021). 
The effect of the fare and travel time differences was cap-
tured using the responses of the respondents for differ-
ent scenarios based on the combination of fare and travel 
time differences. The analysis results were used to evalu-
ate the effect of HSR operation on the conventional train. 
The  results were defined as the log-linear equation pre-
sented in Eq.  (1). A 5% estimation error was applied to 
minimize bias during the data collection. The results of the 
discrete model with simulation data are shown in Table 5. 

3.4 Effect on travel time and fare to market 
competition
Competition in the HSR market has a direct impact on the 
fares and services offered especially to existing rail passen-
gers. Existing rail transport currently offers different classes 
(luxury, executive, business and economy). The fare structure 
offered and the travel time given to existing rail users pro-
vide many alternative options to choose from. Different fares 
and travel times will show different flexibilities which will 
be shown in the sensitivity model and modal share. A model 
using two travel attributes, travel time and fare, was developed 
to explain the mode preference without inclusion of the trav-
eling frequency (Behrens and Pels, 2012; Dobruszkes, 2009; 
Dobruszkes et al., 2014). A p-value of less than 0.05 was 
applied for each corridor. The result showed that in each cor-
ridor the p-value is less than 0.05, implying that travel time 
may significantly affect the Jakarta-Surabaya route. In other 
words, respondents in this study tended to choose a mode 
of transport based on their socioeconomic level and travel-
ing purposes between the two cities. This study is consistent 
with the findings in the Chinese context, where travel time 
(Dobruszkes et al., 2014; Yang,  et al.,  2018a) and fare are 
more important (Yang, et al., 2018a; Yang and Zhang, 2012; 
Zhang et al., 2019b), whereas in Europe, travel time and fre-
quency emerged as the most important factors in mode choice 
model (Behrens and Pels, 2012; Dobruszkes, 2009, 2011).

Model elasticity is used to determine the sensitivity of 
attribute changes to the probability of mode selection by 
measuring the percentage change in the probability of mode 
selection due to a change in the percentage of a particular 
attribute in the utility function of each model. For example, 
using the utility difference of the existing travel attributes, 
the utility value and probability of selecting high-speed rail 
and conventional rail can be calculated based on the obtained 
model equation (see Table 5). Changes in existing trip attri-
bute values are used to test the elasticity of the model and not 
the differences in attribute values between the two modes. 
For example, the Jakarta-Cirebon corridor. By referring to 
Eq. (5), the probability is obtained as: 

P
U

U

jkt cn

jkt cn
�

�

�

�

exp

exp1
	 (7)

Where U  =  utility function, a1  =  time difference, and 
a2 = cost difference. The average probability obtained from 
the time different and cost different attributes is used as 
a potential passenger transfer from conventional trains to 
fast trains during current real operating conditions and can 
also be used in the coming year when the fast train services 
start operating. The amount of passenger displacement is 

Table 5 Results of the model parameters

Variable
Origin - Destination

JKT-CN JKT-SMT JKT-SBI

Constants

Constants (β0) 5.063532073 2.939257497 5.437937077

Independent variable:

Time different (β1) 2.903825192 3.790528391 1.616524694

Cost different (β2) −0.000107262 −8.46769E-05 −6.31098E-05

Observations 1525 2507 2124

R2 0.598867278 0.557924266 0.61072996

Multiple R 0.773865155 0.746943282 0.78149213

p-value 0.004** 0.002** 0.001**

** Significant at α = 0.05.
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obtained between the average probability and the potential 
demand at this time of the year the high-speed rail plan oper-
ates. For market elasticities (see Table 6), a time difference of 
180 min and a cost difference of 25 US$ will make 99.97% 
of conventional rail passengers switch to using HSR, so the 
effect of HSR is a substitute for conventional trains.

The competition between price and travel time offered by 
HSR services will have a significant impact on the conven-
tional rail market (see Table 6 – Table 8), most conventional 
rail passengers will switch to HSR services. In particular, 
medium-distance passengers will switch to HSR and have 
a substitution effect for current services. The magnitude of 
potential demand HSR is shown in Fig. 4.

3.5 HSR impact on conventional rail
Given that the Jakarta and Surabaya corridor is a potential 
corridor due to the high passenger travel demand, with rail 
crossing capacity soon to peak in 2037, it is possible that the 
introduction of HSR could divert some of the conventional 
rail travel demand and thus the existing capacity will again 
change. Further analysis describes the effect size of HSR 
operation on conventional trains in each corridor, as shown in 
models in Table 6 – Table 8. The effect varied, depending on 
each corridor. For the Jakarta-Cirebon corridor, only 16.0% 
of respondents would likely move to HSR (travel time 60 min 
and fare 34$). In contrast, for the Jakarta-Semarang corridor, 
HSR operation could close the conventional train service as 

Table 6 Modal share JKT-CN route

Time (min) Cost 
(US$) Modal share HSR Time (min) Cost 

(US$) Modal share HSR Time (min) Cost (US$) Modal share HSR

180 25 99.97% 120 25 100% 60 25 100%

180 26 99.69% 120 26 99.98% 60 26 100%

180 28 97.25% 120 28 99.85% 60 28 99.99%

180 29 79.69% 120 29 98.62% 60 29 99.92%

180 30 30.31% 120 30 88.81% 60 30 99.31%

180 32 4.60% 120 32 46.78% 60 32 94.13%

180 33 0.53% 120 33 08.88% 60 33 63.99%

180 34 0.0006% 120 34 1.07% 60 34 16.45%

Note: US$ 1 = 15.000 IDR

Table 7 Modal share JKT-SMT route

Time (min) Cost 
(US$) Modal share HSR Time (min) Cost 

(US$) Modal share HSR Time (min) Cost (US$) Modal share HSR

240 33 99.81% 180 33 100% 120 33 100%

240 35 98.44% 180 35 99.96% 120 35 100%

240 37 88.25% 180 37 99.70% 120 37 99.99%

240 38 47.36% 180 38 97.55% 120 38 99.94%

240 40 9.70% 180 40 82.62% 120 40 99.53%

240 42 1.27% 180 42 36.22% 120 42 96.17%

240 43 0.15% 180 43 6.35% 120 43 75.01%

240 45 0.02% 180 45 0.80% 120 45 26.39%

Note: US$ 1 = 15.000 IDR

Table 8 Modal share JKT-SBI route

Time (min) Cost 
(US$) Modal share HSR Time (min) Cost 

(US$) Modal share HSR Time (min) Cost (US$) Modal share HSR

300 43 99.92% 180 43 100% 120 43 100%

300 45 99.62% 180 45 99.98% 120 45 100%

300 47 98.18% 180 47 99.93% 120 47 100%

300 48 91.78% 180 48 99.65% 120 48 99.99%

300 50 69.79% 180 50 98.32% 120 50 99.93%

300 52 32.35% 180 52 92.38% 120 52 99.68%

300 53 9.01% 180 53 71.51% 120 53 98.45%

300 55 2.01% 180 55 34.20% 120 55 92.95%
Note: US$ 1 = 15.000 IDR
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the model showed that 96.2% of passengers would likely 
move to HSR (travel time 120 min and fare 42$). HSR oper-
ation would also potentially close the conventional train ser-
vice for the Jakarta-Surabaya corridor, as the model indicated 
that 98.3% of passengers would move to HSR (travel time 
180 min and fare 50$). HSR operation in Jakarta-Surabaya 
and Jakarta-Semarang would likely create a substitution 
effect on the conventional train services, while its opera-
tion in the Jakarta-Cirebon corridor may serve as the com-
plementary mode. The results of the analysis show that for 
routes with a distance of < 400 miles fast trains will only be 
a complement, while for routes with a distance of more than 
400 miles fast trains will reduce travel demand and result in a 
substitution effect; this also applies to air travel. HSR market 
share with respect to air transportation decreases with dis-
tance. Its share becomes modest for routes beyond 400 miles 
(Behrens and Pels, 2012).

It has been widely acknowledged that the HSR opera-
tion significantly affected the air travel and demands for the 
conventional train services. Considering the high invest-
ment needed in the HSR project, primarily related to the 
infrastructure (Wu et  al.,  2014), policymakers need to 
ensure the competitiveness of HSR (Danapour et al., 2018). 
It may also adversely affect the conventional train opera-
tions due to its substitution effect. It is important for pol-
icymakers to consider the long-term effect of HSR com-
petitiveness when deciding to make plans and regulations 
(Jiang and Zhang, 2016). 

4 Conclusion
This study proposed an empirical model to estimate the 
demands for conventional rail services, influencing attributes, 
and the effect of HSR operation in the same corridor using a 
logit binomial model. The stated preference survey was used 
to capture the passengers' preferences. Several important and 
interesting findings were found from the literature review 
and data analysis. First, potential demands for conventional 

rail transport were very high, whereas the current line capac-
ity is limited, and the demand is expected to reach capacity 
in 2037. However, increasing the line capacity through train 
speed improvement is difficult due to the limitations of the 
infrastructure conditions. The current maximum speed using 
a narrow gauge is 90 km/h for the existing route along the 
corridor with a rail length of 446 miles (713 km). Second, the 
impact of the Jakarta and Surabaya railroad passenger travel 
demand will be reached in 2037, meaning that the operating 
capacity will be met. Third, the effect of HSR operation on 
conventional rail service may vary, depending on the inter-
city distance. Modal share of HSR: from conventional rail for 
the Jakarta-Cirebon corridor 16%, for the Jakarta-Semarang 
corridor 96.2%, and for the Jakarta-Surabaya corridor 98.3% 
of passengers would move to HSR. This study confirmed 
that HSR operation likely creates a substitution effect on 
the conventional train services, which would affect the cor-
ridor with  > 400  km distance, and it was not suitable for 
short distances like Jakarta-Cirebon (<400 km). The medium 
and long-distance corridors were found to be significantly 
affected by HSR operation, as the effect on travel time will 
be bigger than in the case of short distance travel. The short-
ened travel time may come with higher fares to support the 
HSR operation. Thus, HSR would naturally make the trade-
off between the travel time and the cost.

Indonesian conventional rail would likely lose the com-
petition when HSR is in operation (substitution), leading to 
conventional rail closures. The next challenge is to optimize 
the existing line capacity when the conventional passen-
ger train service is closed. As an alternative, the line could 
be used for freight transport to minimize the logistic cost. 
Government intervention, as the policy maker and regula-
tor, is necessary to support this scheme. HSR infrastructure 
development cost was found to be very high, and the govern-
ment's policy plays a pivotal role in determining sustainable 
transportation policy. The balance between HSR price and 
travel is also important in determining the market of HSR. 
Although this research has its limitations, it can serve as a 
firm foundation for predicting the repercussions of the new 
HSR network on existing services operating along this route. 
To establish a collaborative rather than adversarial relation-
ship with the new HSR, existing rail operators must take into 
account the interdependent factors of ticket prices, waiting 
times, frequency, convenience and location of HSR stations.
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