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Abstract: High-speed rail (HSR) is advancing at an unprecedented speed in China. However, its 
impact on the road passenger transport (RPT) is under-investigated. In this paper, a questionnaire 
survey of RPT and HSR passengers in Shaoguan, Wenzhou, and Shantou, China, was carried out to 
pursue the sustainable development of RPT and HSR from the aspect of passenger mode choice 
behavior. The travel mode in the three cities was further investigated using a binary logit model. 
The findings show that improving the safety and comfort of RPT, as well as the fares and conven-
ience of HSR, are most likely to change passenger choice. For every one unit increase in passenger 
satisfaction with either the safety or comfort of RPT, the ratio of the probability of passengers choos-
ing RPT to the probability of passengers choosing HSR will increase by 1.6 times and 4.8 times, 
respectively. Additionally, for every one unit increase in passenger satisfaction with either HSR 
fares or convenience, the ratio of probability of passengers choosing HSR to the probability of pas-
sengers choosing RPT will increase by 4.95 times and 7.011 times, respectively. This study’s results 
reveal the factors influencing passengers’ choice of HSR and RPT, providing crucial perspectives on 
sustainable developments for future HSR and RPT projects. Findings from this study may be used 
by transport planners to provide policy recommendations not just for China, but also for other 
countries that are building HSR systems. 
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1. Introduction 
As a major passenger transport infrastructure, high-speed rail (HSR) has been widely 

brought into various countries [1], such as China, Japan, The Netherlands, France, etc. [2]. 
Research on the positive impact of HSR has attracted a lot of attention. It is proven that 
HSR plays a positive role in the economic development of countries [3], especially in less 
developed areas [4]. HSR trains greatly reduce the travel time between cities [5], alleviate 
labor spatial misallocation [6], and improve investment efficiency [7], thereby strengthen-
ing the economic and social links between the cities [8]. It should be acknowledged that 
the introduction of HSR has provided travelers with a new travel choice, but it is also 
gradually replacing transport modes such as airlines, intercity coaches, and private cars. 
In order to support the sustainable growth of various forms of transportation, it is essen-
tial to investigate the factors that affect travelers’ choice of travel mode. 

This paper focuses on China which has seen a rapid growth of HSR in recent years. 
According to the statistics of UIC in 2022, China’s HSR network’s length is 40,474 km, 
more than 10 times that of the second place. Meanwhile, China possesses the world’s fast-
est HSR system, with a top speed of 350 km/h. The introduction of HSR not only gives 
travelers another more convenient, environmentally friendly, and time-saving travel op-
tion, but it also disarranges the current passenger transportation market. For a long pe-
riod, RPT has been the preferred transport mode in China. For example, in 2007, RPT 
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handled a total of 20.51 billion passenger trips, or 93.79 percent of China’s passenger traf-
fic, while the share of the railway was of 6.21 percent. Since China’s first HSR line was 
launched in 2008, it has become popular with the public for its speed, safety, and comfort. 
In 2013-2020, the proportion of RPT gradually decreased, while the proportion of HSR 
exhibited a significant upward trend. In the aftermath of COVID-19, to avoid being ex-
posed to others, passengers prefer to take private transport, such as bikes and vehicles [9]. 
As a result, in 2020, the proportion of HSR decreased by 40%, while the share of RPT de-
scended even more by 47% (Figure 1). 

 
Figure 1. Passenger traffic by mode of travel in China. Data source: Ministry of Transport of China. 

With economic development and increasing travel demand, China will continue to 
increase the construction of its HSR network, which will more severely impact the RPT 
industry. However, an HSR system necessitates a long construction period [10], signifi-
cant investments [11,12], and to meet demanding terrain requirements [13]. In contrast, 
RPT still plays an important role in passenger transport due to its greater flexibility in the 
selection of route, station, and schedule, as well as lower industry barriers and less oper-
ating costs. Therefore, studying the factors that influence the passengers’ choice between 
them, so as to explore how HSR and RPT can be synergistically and sustainably developed, 
is not only an important practical issue for China, but can also provide lessons for other 
countries that are building HSR systems. 

The features of the travel mode preferences of HSR and RPT passengers are revealed 
in this research, which is based on a questionnaire survey. To this end, the remainder of 
this paper is arranged as follows: Section 2 reviews and comments on the existing litera-
ture; Section 3 proposes the survey methodology and econometric model and illustrates 
the data and variables; the statistical characteristics and regression results are presented 
in Section 4; conclusions and implications are offered in Section 5. 

2. Literature Review 
Two research streams are relevant to this paper, each of which we review below. 

2.1. High-Speed Rail System and Other Transportation Modes 
The establishment of a new HSR system can markedly alter the geographical distri-

bution and market shares of present transportation modes. The majority of the previous 
literature studies show how the rise of HSR affects airlines, and airlines and HSR trans-
portation are frequently considered as alternatives rather than enhancements. 
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One of the first to establish a model of competition between the two modes appears 
to be Janic (2003), who argues that HSR can compete with airlines over a broad range of 
distances, from 400 km to more than 2000 km [14]. Similarly, Rothengatter (2010) shows 
that air travel and HSR may compete intensely on routes longer than 1000 km in length 
[15]. Adler et al. (2010) analyze the competition between the two modes in the different 
distance transport markets based on game theory [16]. The increased speed of HSR has a 
deeper detrimental effect on the demand and price of airlines, especially for short-distance 
routes [17]. 

Gonzalez-Savignat (2004) suggests that if HSR upgrades its services, it will largely 
replace the airline, predicting that in the commercial sector, HSR is anticipated to capture 
40% of the market, and in the leisure sector, approximately 60% [18]. The substitution 
effect of HSR on air transport is produced by luring traditional air travelers [19,20]. HSR 
could draw about 25% of the passenger market share once the infrastructure has been 
updated, according to Martin and Nombela (2007) [21] and Roman et al. (2007) [22]. Yang 
et al. (2018) find that the introduction of HSR typically results in a 27% decrease in demand 
for airlines [23]. 

Chou et al. (2018) find that, in the long term, HSR has an adverse impact on tradi-
tional rail and airlines, and in the short term, it meets different passenger needs [24]. The 
competition between HSR and airlines in Western Europe was examined by Dobruszkes 
(2011), who also carried out an empirical analysis of five city pairings. He discovers that 
a number of factors, including timing, frequency, costs, airline hubs, and the physical lay-
out of urban centers, have an impact on the rivalry between these two means of transpor-
tation [25]. Chantruthai et al. (2014) suggest that HSR and low-cost airlines are competitive 
depending on a number of parameters, including trip time, income, fares, user occupation, 
and educational attainment [26]. Zhang et al. (2019) find that on routes accompanied by 
HSR services, airlines have less monopoly power, provide fewer services, and offer lower 
fares [27]. There are a few studies that hold a different view, arguing that HSR and airlines 
are not always in competition, and some major European airports have HSR transfer hubs, 
which have significantly increased the efficiency of passenger travel [28,29]. 

In addition, HSR also has an impact on traditional railway transport (TRT). Consid-
ering other factors such as cost, habit, and time, most low- and middle-income passengers 
prefer TRT [30], especially for long-distance travel, where traditional trains with sleepers 
are more comfortable than HSR trains [31]. The capacity of a freight train is increased by 
HSR’s substitution effect on TRT, according to Cheng and Cheng (2021) [32]. Li et al. (2020) 
found that while the trip duration and price were not significantly affected by the intro-
duction of HSR, the frequency of regular trains was markedly reduced [33]. 

While HSR is given a lot of attention, research on its impact on RPT is relatively scarce 
due to the unavailability and lack of data. Zhou (2019) analyzes the impact of HSR on 
highway passengers and civil aviation passengers based on the data from the Ministry of 
Transport’s internal thematic research [34]. He finds that HSR has had a significant impact 
on parallel RPT lines, especially on long-distance lines (more than 400 km). Additionally, 
he concludes that the convenience of transfer to HSR is a key factor in the traffic of RPT, 
but this effect tends to weaken as the travel distance increases. An innovative type of study 
observes the change in air quality on the highways following the availability of HSR. Guo 
et al. (2020) reach the conclusion that the reduction in air pollution stems from the substi-
tution effect of HSR on highways [35]. 

2.2. Discrete Choice Analysis 
The nature of transportation modal choice decision-making is a discrete choice anal-

ysis. Based on the random utility theory, this analysis makes the assumption that a pas-
senger favors the mode that offers the greatest benefit [36]. A large number of studies have 
used the discrete choice model to analyze the behavior of the passenger decision process 
such as passenger’s modal choice (PMC) [37,38], choice of car type [39], and choice of 
tourist destinations [40]. In order to examine the factors influencing passengers’ modal 
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choice between HSR and airlines, many typical factors are taken into consideration, such 
as travel time, cost, and frequency [41]. By employing a mixed logit model and two novel 
variables, i.e., safety and availability of duty-free shopping, Lee et al. (2016) conclude that 
business travelers and leisure travelers have different factors to consider when selecting 
their method of transportation [42]. 

Regarding changes in the preferred mode of transportation, the majority of the liter-
ature uses the logit model, which can take many different forms, including binary and 
multinomial logit models. Lee et al. (2016) analyze the PMC between HSR and airlines 
using the binary logit model [42]. If the number of PMCs is three or more, the multinomial 
logit model is a good choice [43,44]. The nested logit model is used by Wen et al. (2012) to 
depict the diversity mode correlation structure and traveler demand diversity [45]. 

Gundelfinger-Casar and Coto-Mill (2017) find that when deciding whether HSR will 
complement or replace airlines, the price and journey time seem to have the most signifi-
cant effects [46]. Kwan et al. (2018) study the travel patterns in Kuala Lumpur and reach 
the conclusion that people’s choice of mass rail transit for weekday travel was influenced 
by a number of factors such as distance and purpose, while weekend travel was mainly 
influenced by travel time and the presence of children [47]. Su et al. (2019) surveyed the 
Beijing–Shanghai HSR line in China, and argue that passengers are less likely to choose 
airlines if it becomes more crowded and has longer waiting times. In terms of passenger 
characteristics, airlines are preferred by female and younger passengers, and leisure pas-
sengers are more price-conscious [48]. Shi et al. (2022) investigate that the important fac-
tors that determine transportation modes are gender, the cost and time of the trip, as well 
as companions [49]. According to a questionnaire survey conducted by Talpur et al. (2022) 
in Badin on 100 randomly selected homes, rural households’ decision-making about travel 
may be negatively impacted by factors such as larger households, lower income, and 
longer travel distances and times [50]. 

2.3. Research Contribution and Novelty 
This literature review implies that, on one hand, a considerable number of research-

ers have examined how HSR affects economic and social development, and its impact on 
airlines and TRT, while little research has been conducted on the impact of HSR on RPT. 
On the other hand, most of the existing literature uses secondary statistics for analysis and 
the few that use questionnaires are mostly on relatively small samples from one region. 
According to the authors’ knowledge, this study is innovative in at least three aspects: (1) 
From the research perspective, this is the first work to focus on the competition between 
HSR and RPT from the perspective of travel mode choice. (2) In terms of methodology, 
this is the first econometric analysis of the factors affecting passengers’ choice between 
HSR and RPT based on a field survey with a large sample, rather than just a theoretical 
analysis. (3) Furthermore, this paper carries out a comparative analysis across regions 
where HSR has been in operation for many years as well as across those with newly es-
tablished HSR systems. 

3. Methodology and Data 
3.1. Survey 

In the field of transportation research, surveys are crucial for gathering data and 
identifying the ground realities of the research subjects [51]. The survey among RPT op-
erators shows that HSR significantly affects the long-haul RPT industry, but has little im-
pact on the short-haul RPT industry. Therefore, the survey in this paper focuses on the 
long-haul RPT industry. Since first-tier cities with a large workforce population contain a 
high number of companies and colleges, the road segments between the first-tier cities 
and their nearby cities have the largest ridership. Therefore, three second- or third-tier 
cities close to first-tier cities, namely Shantou, Shaoguan, and Wenzhou, are selected as 
field survey sites in this paper. On one hand, they all have a long operating time in the 
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PRT market with high passenger volumes. On the other hand, they serve as important 
transportation hubs, passing through HSR lines with different operating schedules. Spe-
cifically, the Xiamen–Shenzhen line passing through Shantou was newly opened at the 
time of the survey, while the Wuhan–Guangzhou line passing through Shaoguan and the 
Shanghai–Hangzhou line passing through Wenzhou had been operating for a long time. 
Therefore, the three segments as survey subjects will contribute to the comparative anal-
ysis of the impact of HSR on RPT and the plausibility of the conclusions. 

We conducted our research from March to May 2015 at HSR and RPT stations in 
Shaoguan (Figure 2), Shantou (Figure 3), and Wenzhou (Figure 4). Five researchers from 
our team distributed questionnaires in the squares, waiting rooms, and nearby conven-
ience stores, fast food restaurants, and cafes of each high-speed railway and passenger 
station. We surveyed a random sample of passengers and gave the surveyed passengers 
a city map to motivate the respondents. A total of 1324 questionnaires were sent out and 
1269 questionnaires were collected. After eliminating nonsense answers or incomplete 
questionnaires, 1142 valid questionnaires were obtained, with a sampling efficiency of 
89.9%, including 371 for Shaoguan, 298 for Wenzhou, and 473 for Shantou, covering var-
ious ages, genders, income levels, and occupations in the sample. 

 
Figure 2. Research area I—Shaoguan. 
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Figure 3. Research area II—Shantou. 

 
Figure 4. Research area III—Wenzhou. 
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The following data were successfully identified and extracted using a structured 
questionnaire: (1) passengers’ personal situation, including age, gender, income, educa-
tion level, etc.; (2) passengers’ travel situation, including travel purpose, travel frequency, 
travel habits, ticket purchase channels, factors influencing the choice of transportation 
mode, etc.; and (3) passengers’ satisfaction with high-speed rail and highway passenger 
transportation, including satisfaction evaluation of fares, comfort, safety, punctuality, 
convenience (including convenient ticket purchase and convenient transfers) and service 
quality of high-speed rail and passenger cars. 

3.2. Model 
The binary logit regression has been widely used in the analysis of discrete choice for 

traffic [47,52]. In order to examine the factors influencing the passengers’ modal choice of 
HSR or RPT, we adopt the binary logit model with a binary dependent variable, where 
the explained variable is the transport mode (RPT or HSR) chosen by passengers and can 
take only two values, namely “0” and “1”. y_i = 1 indicates passenger i takes HSR to travel, 
and y_i = 0 indicates the i-th passenger chooses RPT. There are ten explanatory variables 
which are passengers’ evaluations of the two modes in terms of five indicators, including 
fare level [43], extent of comfort [53], safety [54], ease of ticket-buying [11], and customer 
service [55]. Then, we define the odds ratio as the ratio of the probability of passenger i 
opting for HSR to the probability of passenger i opting for RPT 1-p_i, to remove the upper 
limit of the value range: 

𝛺௜ = 𝑝௜1 − 𝑝௜ (1)

Next, we take the log of the odds ratio to remove the lower limit of the value range: 

𝑙𝑜𝑔𝑖𝑡(𝑝௜) = 𝑙𝑛(𝛺௜) = 𝑙𝑛 ( 𝑝௜1 − 𝑝௜) (2)

Assuming the factors affecting 𝑙𝑛 ( ௣೔ଵି௣೔) include 𝑥ଵ,  𝑥ଶ,······, 𝑥௝, 𝑗 = 10, and they obey 
the linear model, then the regression equation of the logit model is as follows: 

𝑙𝑜𝑔𝑖𝑡（𝑝௜） = 𝑙𝑛( ௣೔ଵି௣೔) = 𝑥௝＇𝛽, j=1,2···,10 

where xi is a vector containing explanatory variables, and 𝑥ଵ, 𝑥ଶ,······, 𝑥ଵ଴  are index 
variables. Following Su et al. (2019) and Shi et al. (2020) [48,49], these represent fare level, 
extent of comfort, safety, ease of ticket-buying, and customer services of HSR and RPT, 
respectively. β is the coefficient vector. 

Since logit transformation inputs the data into a one-to-one correspondence 
(bijection), we can obtain the probability of passenger i to take HSR with the inverse 
function of the above equation. Thus, the explained variable can be defined as: 

𝑦௜ = p(𝑥௜)+𝜀௜ = 𝑒𝑥𝑝 (𝑥௝＇𝛽)1 + 𝑒𝑥𝑝 (𝑥௝＇𝛽) + 𝜀௜ (4)

3.3. Data and Variables 
In order to analyze every indicator and factor for passengers’ choice of transport 

modes between RPT and HSR, we collected 1142 effective questionnaires completed by 
RPT and HSR passengers, including 371 for Shaoguan, 298 for Wenzhou, and 473 for 
Shantou. During the process of model analysis, following the previous literature, we 



Sustainability 2022, 14, 15745 8 of 18 
 

selected 5 factors influencing passengers’ choice of transport modes, such as fare level, 
extent of comfort, safety, ease of ticket-buying, and customer service. These variables are 
assigned values based on the satisfaction of passengers, with 1 being for “Very satisfied”, 
0.8 for “Satisfied”, 0.6 for “Fair”, 0.4 for “Dissatisfied”, and 0.2 for “Very dissatisfied”. The 
main variable definition and descriptive statistics features are listed in Table 1: 

Table 1. Main variable definition and descriptive statistics. 

Variable 
Name 

Observation 
Value Average 

Standard Devia-
tion Variable Definition  

Option 1142 0.4597198 0.498593 
For passengers’ choice of transport mode, 1 indi-

cates HSR and 0 indicates RPT 

Rprice 1142 0.725394 0.161835 
Utility of fare level assessment when passengers 

choose HSR 

Rcom 1142 0.7891419 0.158281 
Utility of extent of comfort assessment when pas-

sengers choose HSR 

Rsafe 1142 0.8162872 0.128284 Utility of safety assessment when passengers 
choose HSR 

Rcon 1142 0.7632224 0.172356 Utility of ease of ticket-buying assessment when 
passengers choose HSR 

Rser 1142 0.7978984 0.149539 Utility of customer service assessment when pas-
sengers choose HSR 

Cprice 1142 0.6357268 0.160144 Utility of fare level assessment when passengers 
choose RPT 

Ccom 1142 0.6028021 0.164913 Utility of extent of comfort assessment when pas-
sengers choose RPT 

Csafe 1142 0.6611208 0.158691 Utility of safety assessment when passengers 
choose RPT 

Ccon 1142 0.6982487 0.163379 Utility of ease of ticket-buying assessment ticket 
when passengers choose RPT 

Cser 1142 0.6201401 0.151119 Utility of customer service assessment ticket 
when passengers choose RPT 

4. Results and Discussion 
4.1. Statistical Characteristics 

A total of 1442 effective questionnaires were used in the analysis. Figures 5–12 show 
the statistics of the respondents’ characteristics and considerations in choosing to travel 
by HSR or RPT. By accounting for the gender balance of survey participants during the 
survey process, sample biases were avoided. According to the respondents’ age distribu-
tion, people between the ages of 50 and 60 represent the majority of the respondents (ap-
proximately 64%). In contrast to self-employed individuals and other categories, students 
(26.8%) and office workers (41.3%) represented the bulk of the respondents. As seen in 
Figures 5 and 6, the surveys of both passengers choosing HSR or RPT indicate that HSR 
has, in varying degrees, affected the majority of the passengers’ trips. 
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Figure 5. Results of survey among passengers at RPT stations. 

 
Figure 6. Results of survey among passengers at HSR stations. 

Figure 7 shows the income distribution of RPT and HSR passengers: RPT is chosen 
primarily by passengers with a monthly income below CNY 3500, while the HSR service 
is available to a relatively wider range of income levels, with a majority of passengers 
coming from the CNY 3500 to CNY 7000 income range. Figure 8 reveals that both RPT and 
HSR passengers are sensitive to fare increases, with the majority of them only accepting 
increases of less than 20%. However, there is still a significant portion of passengers who 
are not sensitive to fare increases, primarily driven by business travel (expenses can be 
reimbursed by employers), high incomes, as well as holidays and festivals. Therefore, we 
can conclude that income level affects the choice of HSR or RPT for most passengers trav-
eling. 

 
Figure 7. Income distribution of passengers. 

35%

49%

16%
Partial
influenced;travel by
RPT primarily
Greatly influenced
travel by HSR
primarily
Not influenced; still
travel by RPT

61%

39%
Still travel by RPT

Do not travel by RPT



Sustainability 2022, 14, 15745 10 of 18 
 

 
Figure 8. Sensitivity of passengers to fare. 

As shown in Figure 9, speed and comfort are the two factors that passengers who 
choose RPT or HSR consider most when selecting their method of transportation. Further-
more, the passengers who choose HSR are more concerned about timely performance, 
while the passengers who choose RPT pay more attention to fare level and safety. Accord-
ing to the suggestions for improvements in Figure 10, both HSR and RPT passengers ex-
pect lower fares, higher comfort of RPT, as well as better road conditions. 

 
Figure 9. Primary considerations of passengers in choosing a transport mode. 

 
Figure 10. Passengers’ suggestions for improving RPT. 

Figures 11 and 12 indicate that passengers chose RPT primarily due to its flexible 
routes, door-to-door service, and long-standing travel habits. A significant amount of 
passengers most likely have to take RPT because they fail to buy HSR tickets. A survey on 

0

50

100

150

200

250

Within 20% 20%–30% 30%–40% 40%–50% Above 50% Zero–impact

RPT HSR

0 100 200 300 400 500

Speed
Comfort

Punctuality
Safety

Fare
Service

Ticketing
Others

RPT HSR

0 50 100 150 200 250 300 350 400

Improving the extent ofcomfort
Lowering fare

Better road conditions
Various ticket buying channels
Enhancing management system
Increasing door-to-door service

Improving station bases
Others RPT HSR



Sustainability 2022, 14, 15745 11 of 18 
 

passengers who choose HSR shows that they do not choose RPT because it takes too long 
and is less comfortable and safe. 

 
Figure 11. Distribution of reasons of passengers at bus and HSR stations for choosing RPT. 

 
Figure 12. Distribution of reasons of passengers at HSR stations for not choosing RPT. 

4.2. Benchmark Regression 
Table 2 shows the binary logit results from model (3) using the full datasets. From 

the regression results, we can see that the passengers’ choice of transportation mode is 
influenced, at different significance levels, by the fares and extent of comfort of HSR and 
RPT, the ease of ticketing of HSR, and the safety of RPT. 

Table 2. Estimation results of binary logit regression (N = 1442). 
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Rcon 
2.081 *** 

8.011 1.431 0.472 
(0.42) 

Rser 
−0.763 

0.466 0.892 −0.173 
(0.51) 

Cprice 
−1.311 *** 

0.27 0.811 −0.297 
(0.48) 

Ccom 
−0.912 ** 

0.402 0.86 −0.207 
(0.44) 

Csafe 
−1.682 *** 

0.186 0.766 −0.382 
(0.45) 

Ccon 
−0.569 

0.566 0.911 −0.129 
(0.44) 

Cser 
0.474 

1.606 1.074 0.108 
(0.50) 

Constant 
−1.513 ***    

(0.58) 
Pseudo-R2 0.0656    

LR 103.39    
CC 63.75%    

Note: *** and ** indicate being significant at 1% and 5% confidence levels, respectively. 

The coefficients after the exponentiation process are listed in the third column of Ta-
ble 2. The value of eb indicates the change factor of the odds ratio of passengers choosing 
HSR when the related indicator changes by one unit holding other variables constant. The 
value of ebStdX in column 4 indicates the change factor of the odds ratio of passengers choos-
ing HSR when the related indicator changes one standard deviation. Given the fact that 
the logit model is nonlinear, we also analyzed the marginal effect. The value of dy/dx in 
column 5 presents the AME (average marginal effect) of the marginal effect of the obser-
vation value. In this logit model, it indicates the fluctuation in the probability of passen-
gers choosing HSR when the value assigned to an indicator changes by one unit. We can 
see that different indicators have different influences on passengers’ decisions for choos-
ing HSR or RPT at different significance levels. Specifically, the effects of these indicators 
are as follows: 
1. We can see from the regression results that enhancing the safety and comfort of RPT 

and reducing the rate of accidents may be the best way to increase the probability of 
passengers choosing RPT. The eb values of safety and extent of comfort indicators of 
RPT are 0.186 and 0.402, respectively, and the AME values are −0.382 and −0.207, 
respectively. This shows that, with the other conditions remaining unchanged, when 
the passengers’ satisfaction with either the safety or comfort of RPT augments by one 
unit, the average probability of choosing HSR will decrease by 0.382 and 0.207, re-
spectively. Additionally, the ratio of the probability of passengers choosing RPT to 
the probability of passengers choosing HSR will increase by 1.6 times and 4.8 times, 
respectively. 

2. We also note that providing support for deserving RPT operators to optimize oper-
ating costs and provide more room for lowering RPT fares could also stimulate more 
passengers to choose RPT travel. The eb and the AEM values of Cprice are 0.27 and 
−0.297, respectively. This indicates that, with the other conditions remaining un-
changed, and when the satisfaction of the passengers toward the fare of RPT in-
creases by one unit, the average probability of passengers choosing HSR will de-
crease by 0.297. Thus, the ratio of the probability of passengers choosing RPT to the 
probability of passengers choosing HSR will increase by 2.7 times (the value of eb is 
0.27, indicating that when the satisfaction of the passengers toward the fare of RPT 
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changes by one unit, the odds ratio of passengers choosing bullet trains will decrease 
to 0.27 times the original value. In other words, the odds ratio of choosing RPT in-
creases to 1/0.27 times the original value, which is an increase of 1/0.27−1 = 2.7 times. 
The calculation is the same below). 

3. Conversely, lower fares, better comfort, and convenient ticketing channels for HSR 
will make travelers prefer HSR, reducing the probability of passengers choosing RPT. 
The eb values of fare, extent of comfort, and ease of ticketing are 5.95, 5.776, and 8.011, 
respectively. Additionally, the AME values are 0.405, 0.398, and 0.472, respectively. 
Specifically, with the other conditions constant, when the passengers’ satisfaction 
with the fare of HSR increases by one unit, the average probability of choosing HSR 
will increase by 0.405 and the odds ratio will increase by 4.95 times; when the pas-
sengers’ satisfaction with the comfort of HSR increases by one unit, the average prob-
ability of choosing HSR will increase by 0.398 and the odds ratio will increase by 
4.776 times; when the passengers’ satisfaction toward the ease of HSR ticketing in-
creases by one unit, the average probability of choosing HSR will increase by 0.472 
and the odds ratio will increase by 7.011 times. Unexpectedly, the ease of HSR tick-
eting has a greater impact on the passengers’ choice of transportation mode than the 
fare and comfort levels. 

4.3. Regional Heterogeneity 
Meanwhile, we conducted a regression analysis on subsamples of passenger ques-

tionnaires from Shaoguan, Wenzhou, and Shantou, evaluating their contribution to the 
odds ratio and AEM values. Table 3 indicates that the five indicators, namely fare level, 
comfort, safety factor, ease of ticketing, and customer service have different degrees of 
influence on passengers’ choice of HSR or RPT, which may be caused by the travel options 
available in the region and the passengers’ preferences. However, we can see that the ac-
curacy of the regression prediction is between 58.05% and 70.62%, which is relatively high. 

Table 3. Estimation results of the subsample from Shaoguan, Wenzhou, and Shantou. 

 Shaoguan Wenzhou Shantou 

Option 
Coef. (Std. 

Err.) eb dy/dx 
Coef. (Std. 

Err.) eb dy/dx 
Coef. (Std. 

Err.) eb dy/dx 

Rprice 
3.068 *** 

21.503 0.582 
0.521 

1.684 0.125 
1.756 ** 

5.787 0.394 
(0.91) (0.94) (0.72) 

Rcom 
2.037 

7.669 0.387 
1.173 

3.23 0.281 
2.270 *** 

9.68 0.509 
(1.26) (1.35) (0.69) 

Rsafe 
1.821 * 

6.176 0.346 
−0.748 

0.473 −0.179 
0.083 

1.086 0.019 
(1.09) (1.24) (0.88) 

Rcon 
3.433 *** 

30.981 0.652 
−0.696 

0.499 −0.167 
1.774 *** 

5.897 0.398 
(0.75) (1.00) (0.68) 

Rser 
−2.160 * 

0.115 −0.410 
1.442 

4.228 0.345 
−0.43 

0.65 −0.096 
(1.23) (1.30) (0.70) 

Cprice 
−3.079 *** 

0.046 −0.584 
−1.743 * 

0.175 −0.417 
−0.663 

0.515 −0.149 
(1.07) (0.98) (0.68) 

Ccom 
−3.120 *** 

0.044 −0.592 
1.178 

3.248 0.282 
−0.346 

0.708 −0.078 
(1.02) (1.19) (0.62) 

Csafe 
−2.876 *** 

0.056 −0.546 
−1.214 

0.297 −0.291 
−1.350 ** 

0.259 −0.303 
(1.08) (1.14) (0.60) 

Ccon 
−1.334 

0.263 −0.253 
0.179 

1.197 0.043 
−0.586 

0.556 −0.132 
(0.94) (1.00) (0.68) 

Cser 1.151 3.163 0.219 −0.319 0.727 −0.077 0.109 1.115 0.025 
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(1.03) (1.30) (0.73) 

Constant 
−0.711   0.207   −2.416 *** 

. . 
(1.29) (1.16) (0.91) 

Pseudo-
R2 0.1847   0.0239   0.0584   

LR 94.05   9.82   37.53   
CC 70.62%   58.05%   65.12%   

Note: ***, **, and * indicate being significant at the levels of 1%, 5%, and 10%, respectively. 

1. For passengers in Shaoguan, many factors have a significant impact on their choice 
between HSR and RPT. The fare and ease of ticketing of HSR, as well as the fare, the 
comfort, and the safety of RPT have a significant impact on the passengers’ decisions 
at the significance level of 1%, while the safety and customer service of HSR have a 
significant impact at the 10% level. Among these, the most significant factors are the 
fares of HSR and RPT, the ease of HSR ticketing, and the safety and comfort of RPT. 
Holding all other factors constant, if the satisfaction with either the fare or ease of 
ticketing of HSR increases by one unit, the probabilities of the passengers’ choosing 
HSR will rise by 0.582 and 0.652, respectively, and the odds ratios will rise by 20.503 
and 29.981, respectively. If the passengers’ satisfaction with either fares, safety, or 
comfort of RPT increases by one unit, the probabilities of the passengers’ choosing 
HSR will decrease by 0.584, 0.546, and 0.592, respectively, and the odds ratios will 
decrease by 20.7, 16.9, and 21.7 times, respectively. 

2. There are relatively limited factors affecting the travel choices of Wenzhou passen-
gers. Among these fourteen explanatory variables, only the fare of RPT has a signifi-
cant impact on the odds ratio. For samples from Wenzhou, the eb and AEM values of 
fare index for RPT are, respectively, 0.175 and −0.417. In other words, holding other 
factors constant, if the Wenzhou passengers’ satisfaction with RPT increases by one 
unit, their probability of taking HSR will decrease by 0.417 and the odds ratio for 
them taking RPT will rise by 4.7 times. We must consider that, in the questionnaire, 
the satisfaction scores of the Wenzhou passengers were generally higher than those 
of the other two cities. Therefore, we speculate that the insensitivity of the Wenzhou 
passengers’ travel mode choices to most indicators may be due to their high level of 
passenger satisfaction. 

3. For passengers in Shantou, the impact of an increase in the HSR indicator on their 
choice of transportation mode is more pronounced compared to RPT. With other fac-
tors constant, if the satisfaction with either fare, comfort, or ease of ticketing increases 
by one unit, the average probability of passengers’ choosing HSR will increase by 
0.394, 0.509, and 0.398, respectively, and the odds ratio will increase by 4.787, 8.68, 
and 4.897 times, respectively. If the passengers’ satisfaction with the safety of RPT 
increases by one unit, their probability of their taking HSR will decrease by 0.303, 
and the odds ratio of taking RPT will increase by 2.86 times. Judging from that, unlike 
the passengers from Shaoguan and Wenzhou, the passengers in Shantou are more 
sensitive to the comfort of HSR when choosing their transport mode. Additionally, 
they do not care about the fare of RPT. 

5. Conclusions and Implications 
HSR and RPT are both indispensable and irreplaceable in China, yet studies on the 

factors influencing the passengers’ transportation mode choices between HSR and RPT 
are scarce. We conducted a survey on HSR and RPT passengers from Shaoguan, Wen-
zhou, and Shantou to better understand how they choose between these two crucial 
modes of transportation. This was conducted to encourage the sustainable and synergistic 
development of HSR and RPT. 
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5.1. Conclusions 
First, the statistical analysis leads us to the following conclusions: (1) The main factors 

that passengers consider when choosing a transport mode are running speed and comfort. 
In particular, passengers who choose HSR care more about punctuality than those who 
choose RPT, while passengers who choose RPT care more about fare level and safety fac-
tors. (2) Passengers with high incomes prefer HSR to RPT and those with lower incomes 
are likely to choose RPT, and passengers choosing RPT are more sensitive to fare change 
than those choosing HSR. (3) The main reasons for which passengers choose RPT are flex-
ible routes, door-to-door service, and long-term habits. Additionally, the reasons for aban-
doning RPT are slow speed, long time, poor comfort, and low safety. (4) For passengers 
choosing RPT, they expect for road conditions to improve along with lower fares and 
higher comfort levels. 

Then, to analyze the factors affecting transport mode choice between HSR and RPT, 
this research applies the survey results to construct a logit model of HSR and RPT in 
Shaoguan, Wenzhou, and Shantou. The conclusions suggest that: (1) Reducing the fare of 
RPT and improving its comfort and safety factors will greatly increase the probability of 
passengers choosing RPT. (2) Reducing the fare of RPT and improving its comfort and 
ease of ticketing will lead to an increase in odds ratio at the 1% significance level. With a 
one-unit increase in satisfaction with either fare, comfort, or ease of ticketing of HSR, the 
odds ratios of choosing HSR will increase by 5.95, 5.776, and 8.011 times, respectively. In 
addition, improving the comfort of HSR can raise the odds ratio of passengers taking it to 
some degree. (3) Passengers in different cities have different sensitivities to the five indi-
cators. For example, the fare and ease of ticketing of HSR, as well as the safety factor of 
RPT have more impact on passengers in Shaoguan and Shantou than those in Wenzhou. 
However, the passengers in Wenzhou are more concerned about the fare of RPT. 

5.2. Policy Implications 
Based on the above analysis, in order to make RPT and HSR complementary and 

sustainable, as well as to maximize their overall utility, RPT should build on its strengths 
and avoid its weaknesses. To be more specific, for RPT companies: (1) They should expand 
their routes beyond the HSR system’s reach in view of RPT flexibility. At the same time, 
they should also reduce internal competition and establish combined transportation to 
improve their management system. (2) Reasonable prices should be set according to op-
erating costs and the external environment, and reasonable adjustments to fare fluctua-
tions should also be made based on operating conditions and time intervals. (3) In order 
to improve the safety of RPT, RPT companies should improve the relevant safety stand-
ards, conduct regular safety inspections, and strictly enforce 24/7 dynamic monitoring. (4) 
RPT companies should also update their equipment and optimize their routes in time. At 
the same time, they should attach importance to the internal cleaning of the cars and im-
prove the satisfaction with the comfort level by improving the service quality of their em-
ployees. For government departments: (1) Since RPT passenger traffic varies greatly be-
tween holidays and non-holidays, government departments can set a range of local RPT 
fare fluctuations and subsidize RPT companies that comply with the regulations and op-
erate legally. (2) The government should legislate relevant safety standards for RPT and 
conduct random inspections from time to time, to reduce overloading and driver viola-
tions, as well as to impose serious penalties or even shut down companies that violate the 
rules. (3) The government should make greater investments in road building and mainte-
nance, as well as in city road planning, in order to lessen the traffic on inner-city roads 
and improve passenger comfort on RPT. 
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5.3. Limitations and Future Research 
By identifying variables influencing the decision between HSR and RPT as a 

transport mode, this research may help improve transportation planning in countries 
where HSR is being built. However, there are certain limitations to this study, which 
opens up possibilities for future research: Although we have tried to collect as large a 
sample as possible, due to financial and time constraints, the scope of our survey was 
limited to three Chinese cities over the course of three months. As a result, our sample is 
likely to be biased and less generalizable, and the total sample size of the survey is still 
below the ideal amount. Future studies should, on one hand, investigate passengers’ be-
havior and preferences in a wider range as well as more remote areas, and it would be 
preferable to have access to national or even cross-country population census data. On the 
other hand, a more comprehensive analysis of the factors affecting travel mode choice 
should be provided, by adding factors from other theories, such as motivation, frequency, 
and geographic location.  
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