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MODELLING THE PASSENGER CHOICE BEHAVIOUR
OF BUYING HIGH-SPEED RAILWAY TICKETS

ABSTRACT

Passenger choice behaviour of buying tickets has a
great impact on the high-speed rail (HSR) revenue man-
agement. It is very critical to find out the sensitive fac-
tors that prevent passengers with high willingness to pay
for a ticket from buying low-price tickets. The literature
on passenger choice behaviour mainly focuses on travel
mode choice, choice between a conventional train and a
high-speed train and choice among high-speed trains. To
extend the literature and serve revenue management, this
paper investigates passenger choice behaviour of buying
high-speed railway tickets. The data were collected by
the stated preference (SP) survey based on Beijing-Ho-
hhot high-speed railway. The conditional logit model was
established to analyse influencing factors for business
travel and non-business travel. The results show that:
business passengers have the higher inherent preference
for full-price tickets, while non-business passengers have
the higher inherent preference for discount tickets, the
number of days booked in advance and frequent passen-
ger points have a significant impact on the ticket choice
of business travellers, but not on non-business travellers;
passengers are unwilling to buy tickets that depart af-
ter 16:00 for non-business travel; factors have different
effects on the passengers' choice in business travel and
non-business travel. The results can provide parameters
for revenue management models and references for the

ticket-product design.

KEYWORDS

railway transportation; passenger choice behaviour;
conditional logit model; SP survey, revenue

management.

1. INTRODUCTION

By the end of 2020, there was 38,000 kilometres
of high-speed railway (HSR) in China. According to
China Statistical Yearbook 2020, the HSR passen-
ger volume was 2,358.3 million in 2019, account-
ing for 64.4% of the railway passenger volume; and
HSR passenger-kilometres reached 774.7 billion,
accounting for 52.7% of the railway passenger-kilo-
metres and 21.9% of the national passenger-kilome-
tres. The HSR has become an important travel mode
for passengers in China. However, there are many
lines in China with insufficient passenger flow in-
tensity, whose revenue from tickets can hardly cov-
er the cost of train operation and maintenance.

Sufficient revenue is the key to ensuring the
sustainable development of HSR. To increase the
utilization rate of HSR lines and the revenue, the
China State Railway Group Co., Ltd (CR) has intro-
duced revenue management ideas and methods. The
flexible fares were introduced to adjust and stim-
ulate passenger demand. HSR passengers would
face diversified ticket products, and how passengers
choose their tickets will directly affect the effective-
ness of revenue management [1]. Therefore, there is
an urgent need to study passenger choice behaviour
and its influencing factors at the level of ticket prod-
ucts.

Existing studies use ticket data and survey data
to study the choice behaviour of HSR passengers
at the following three levels. The first level is the
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choice behaviour of travel mode. In view of the
competition among HSR, civil aviation and high-
ways in the short, medium, and long distances, the
data from the questionnaire survey are used to study
the travel mode choice behaviour of passengers [2,
3]. The influencing factors include individual socio-
economic characteristics, travel mode characteris-
tics and psychological variables. The second level is
the choice behaviour between a high-speed train and
a conventional train. In the transportation corridor,
there are both high-speed trains and conventional
trains. The binomial logit model is used to study the
passenger choice behaviour between a high-speed
train and a conventional train [4]. The results show
that demographic characteristics, ticket purchase
channels, social class and status, departure frequen-
cy, departure date and time, travel purpose, distance
and other variables have a significant impact on the
choice of the train type. The third level is choice be-
haviour among high-speed trains. Many trains run
on a HSR line, and different trains have different
departure time. SP survey data and ticket-sale data
were used to study how do passengers choose trains
[5, 6]. The significant influencing factors include
ticket prices, train running time, departure time,
on-board service level and income. In addition, the
passengers choice behaviour of booking time in dif-
ferent distance markets was explored and compared
to the ticket price [7].

To the best of our knowledge, the passenger
choice behaviour of buying tickets has not yet
been elaborated carefully in the existing literature.
When revenue management is applied in the field of
HSR, the choices faced by passengers are not trav-
el mode choice and train choice. For example, the
second-class seats in a train can be sold as different
ticket products with different prices and attributes.
The passenger choice behaviour of buying tickets
should be modelled and analysed to guide the ticket
product design and to provide initial parameters for
revenue management models [8].

The research methods of choice behaviour main-
ly include discrete choice models and machine
learning algorithms. Discrete choice models often
use the maximum likelihood method for parame-
ter estimation. For situations where certain options
are not observed in actual sales data, expectation
maximization algorithm, likelihood function im-
provement algorithm, etc. can be used to estimate
parameters [9]. To avoid the truncation of the data
and study more attributes, this paper uses the SP

survey method to collect data. Then the condition-
al logit model is selected to investigate the choice
behaviour among tickets for HSR passengers and
the maximum likelihood method is used to estimate
parameters.

In summary, this paper studies the choice be-
haviour of HSR ticket products under multi-level
ticket prices from the aspects of personal attributes,
personal travel experience, and product attributes,
which analyses the characteristics of passenger
ticket demand in a more detailed way. The findings
could guide the design of ticket products, provide
initial parameters for the application of choice-
based revenue management models and provide ref-
erence factors for the data collection of the revenue
management system.

2. LITERATURE REVIEW

This research is primarily in the field of travel
choice behaviour. The choice of the travel mode
is an important part of the traffic mode split, route
choice and traffic demand forecast [10—12]. Freitas
et al. [13] used Swiss household travel survey data
to establish a large-scale multi-modal recursive log-
it path choice model. Luan et al. [14] applied the
mixed-logit model to study the choice behaviour
of urban transportation modes including walking,
cycling, bus and metro, and compare the character-
istics and advantages of travel modes in different
regions from the perspective of the catchment areas
of urban railway transit stations. Weis et al. [15] an-
alysed data from the Mobility and Transport Micro
Census to provide parameters for the transportation
demand model. Jian et al. [16] used SP survey data
to study the travel behaviour of the elderly in Beijing
in the future. Great progress has also been made in
research methods. Cheng et al. [17] applied robust
random forest to study transportation mode choice
behaviour and analysed the relative importance of
explanatory variables and their influence on mode
choice. Cheng et al. [18] used the ensemble-based
model composed of a series of multinomial logit
models to reduce the uncertainty. Li and Hensher
[19] reviewed studies about risky travel choice be-
haviour and put forward the measures to avoid com-
mon errors. Zhao et al. [20] comparatively studied
the difference between the logit model and machine
learning model in mode selection. The study found
that the prediction accuracy of the random forest
model is higher than that of the multinomial logit
and mixed logit models, but the behavioural robust-
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ness is slightly worse. In the mode choice model,
when choosing between machine learning and logit
models, there seems to be a trade-off between pre-
diction accuracy and behavioural robustness.

Research on the choice behaviour of intercity
travel and regional travel has also received a lot of
attention. Zhou et al. [21] used the latent category
model to segment the Western Australia travellers,
and then studied the travel mode choice behaviour.
The travel modes include car, bus and two flights.
The studied attributes include travel cost, access
time, journey time, frequency and seat comfort lev-
el. Hess et al. [22] used the choice data on the cor-
ridors between two major cities in the United States
(Northeast Corridor and Cascade Corridor) to de-
velop a hybrid choice model that takes into account
certainty and confidence in travellers’ preferences.
Random changes explore the relationship between
attitude and actual choice. Alternative transporta-
tion modes include car, air and train. Li et al. [23]
investigated the inter-city choice behaviour of air,
HSR, traditional passenger train and express bus for
tourists in Xi’an. The relationship between selection
and attributes is analysed, and 12 variables includ-
ing travel distance, ticket price, 100 km intercity
travel time, service quality, accessibility of trans-
portation hubs and ticket-sale methods are analysed.
Intercity transfers also affect travel mode choice be-
haviour. Allard and Moura [24] used a combination
of SP and RP surveys to collect European inter-city
travel data, highlighting the importance of transfer
attributes.

Research on travel choice behaviour related to
HSR has also emerged. Li et al. [25] used the nested
logit model to describe the travel mode choice be-
haviour between the high-speed train and the con-
ventional train. The upper-level options are aviation
and railway, and railways are divided into the cat-
egories of conventional train, bullet train and HSR
according to different speeds. Ren et al. [26] used
survey data to establish binomial logit models to
analyse the factors and changes related to passen-
gers choosing conventional trains before and after
the emergence of the high-speed trains. The study
found that many people still choose conventional
trains after the arrival of the high-speed trains. The
key factors excluding passengers from using the
HSR system include the fare, travel habits and ame-
nities for long-distance trips. Losada-Rojas et al.
[27] introduced attitude assessment into the choice
of intercity travel mode, used the bivariate ordered

probit model to describe the willingness to use
trains, and studied passenger attitudes and loyalty
to railway transportation. The mode of transporta-
tion includes train, drive alone, carpool, airplan and
bus. Daly et al. [28] combined attitude and choice
models to study transportation choice behaviours,
revealing the role of potential attitudes when it
comes to the railway travel environment. Yang et al.
[29] used the SP survey to obtain data and refine the
choice behaviours research to the level of compart-
ment category. They investigated the western corri-
dors of Taiwan, and the mode choice level was car,
bus, train, HSR and HSR nested the choice between
the reserved seat cabin and non reserved seat cabin.

This article studies the more detailed choice be-
haviour among HSR ticket products. According to
different ticket products formed by different trains
and different price levels, the influencing factors of
passenger choice behaviour are studied. It is differ-
ent from the choice of transportation modes, choice
of train types and choice of HSR trains. It is intend-
ed to provide a reference for the ticket product de-
sign in revenue management applications and pro-
vide parameters for revenue management models.

The organization of this paper is as follows; Sec-
tion 3 presents the SP survey and data, Section 4
builds the ticket choice behaviour model for HSR
passengers and estimate the parameters; and Section
5 reports discussions on personal socioeconomic at-
tributes, personal travel experience attributes and
ticket attributes. Finally, conclusions and possibili-
ties for future works are presented in Section 6.

3. SPSURVEY AND DATA
3.1 Questionnaire design and survey

The sale data accurately record the choice re-
sults of buying tickets, but the lack of records of
unpurchased tickets leads to data truncation, and
the recorded attribute data are limited to the system
settings. Questionnaire survey data have the advan-
tages of being complete and the scope of attribute
research is flexible, but the reliability of the data is
poor. However, the stated preference investigation
and analysis of what has not happened is of refer-
ence value for the implementation of new trans-
portation services and transportation policies. This
article investigates the passenger’s choice prefer-
ence before the implementation of the multi-level
fare revenue management strategy and studies the
multi-directional attribute data to guide the design
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of passenger ticket products. The SP survey can
provide a certain reference for the implementation
of the strategy.

Based on the literature and survey with the rail-
way companies, the factors influencing HSR pas-
senger choice behaviour of buying tickets are deter-
mined. They are divided into three types: personal
socioeconomic attributes, personal travel experi-
ence attributes and ticket attributes. Personal socio-
economic attributes include gender, age, education
and income. Personal travel experience attributes
refer to indicators related to the personal travel ex-
perience. We introduce 4 indicators that may influ-
ence ticket purchase behaviour, including times of
taking (Beijing to Hohhot) trains in the past year,
number of flights taken (Beijing-Hohhot) in the past
year, the experience of taking HSR and favourite
departure time. The first two indicators can reflect
how familiar passengers are with the corridor. Tick-
et attributes include fare, booking days in advance,
railway frequent passenger points, refund fee, oper-
ation hours, and departure time.

The options of passenger ticket products are set
as full-price tickets, discount tickets and no pur-
chase. The value of each ticket product attribute is
set according to the Beijing-Hohhot HSR line, as
shown in 7able I, where the non-purchase option is
the zero option. There are 4,374 scenarios for the

Table 1 — Options and properties

combination of various options and different attri-
bute levels. Considering the reasonable limit on the
number of questions answered by the respondents,
ensuring the accuracy of the survey data and the
rationality of the modelling, the 27 scenarios ob-
tained through orthogonal design are divided into
3 questionnaires, and the surveys were conducted
separately for business travel and non-business
travel. The main difference between business travel
and non-business travel is that the former is paid by
the employer and the latter is paid by the traveller
himself.

3.2 Data

Taking the HSR line from Beijing to Hohhot as
the research background, the survey was carried
out by selecting passengers with travel experience
among cities in this corridor as effective samples,
including Beijing, Hohhot, Baotou and Ordos. A
total of 729 questionnaires were collected by a pro-
fessional online survey company in August 2019.
The company conducts surveys based on an online
platform wjx.cn which is used by many research-
ers in China [16, 30]. After invalid questionnaires
were screened out, 630 valid questionnaires were
obtained. The subjects of the investigation are lim-

Option Attribute of ticket Attribute value
Fare 1. Full fare (RMB 220)
Booking days in advance 1. Unlimited (the value is 0)
Railway frequent passenger points 1. 5 times of price (1110 points)
Full-price
ticket Refund fee 1. 5%; 2. 10%; 3. 20%
Operation hours 1.2.5h; 2. 3h; 3. 3.5h
Departure fime 0. 7:00~10:00 (base); 1. 10:00~16:00 (variable name: departure time-1);
P 2. 16:00~22:00 (variable name: departure time-2)
Fare 1. 10% off (RMB 198); 2. 20% off (RMB 176); 3. 40% off (RMB 132)
Booking days in advance 1. 7 days; 2. 14 days; 3. 21 days
Railway frequent passenger points 1. 5 times of price; 2. equal to price; 3. No points
Discount
ticket Refund fee 1. 50%; 2. 100%
Operation hours 1.2.5h; 2. 3h; 3. 3.5h
Departure fime 0. 7:00~10:00 (base); 1. 10:00~16:00 (variable name: departure time-1);
p 2. 16:00~22:00 (variable name: departure time-2)
No ) )
purchase

Note: RMB is the Chinese currency “Renminbi”. US$ I approximates RMB 6.462 as of September 29, 2021.
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ited to people living in Beijing, Hohhot, Baotou
and Ordos, to ensure that they are within the scope
of potential passengers.

The basic data description of the valid ques-
tionnaire is shown in Table 2. The number of males
and females in the survey data is relatively evenly
distributed; the proportion of people under 18 in
the age distribution is relatively low; the propor-
tions of all income levels covered by the sample
is equal and the favourite departure time is evenly
distributed.

In the interview conducted by the railway com-
pany CR, we learned that in 2017, the railway
company conducted a passenger survey on 11 rail-
way bureaus. A total of 30 trains were investigated
and 33,271 valid questionnaires were obtained on
the spot, and 175,909 valid questionnaires on the

website of 12,306 were obtained. The age distribu-
tion in the field survey is: 1.27% under 18 years of
age, 7.98% over 50 years of age; age distribution
in the online survey is 6.09% under 18 years of age
and 7.08% over 50 years of age. In comparison, our
survey data are similar in age distribution to their
survey. The income distribution in the field survey
1s: 27.09% under RMB 3,000, 39.23% between
RMB 3,000 and 5,000, 18.99% between RMB
5,001 and 10,000, and 14.68 over RMB 10,000;
the income distribution in the online survey is:
30.08% under RMB 3,000, 32.21% between RMB
3,000 and 5,000, 26.93% between RMB 5,001 and
10,000, and 10.06 over RMB 10,000. Chinese av-
erage disposable income is RMB 2,561 per month
in 2019, which is RMB 397 higher than 2017. The
disposable income of residents in the four cities

Table 2 — Data description

Type Attribute Category Variable Name Proportion (%)
Male Gender 46.2
Gender
Female (Base) 53.8
<18 Age-1 2.1
Age 18~44 Age-2 84.7
>44 (Base) 13.2
Personal Senior high school Education-1 11.4
socioeconomic . and below
attributes Education Junior college Education-2 16.5
Bachelor or above (Base) 72.1
<3,000 (Base) 21.8
3,000~5,000 Income-1 25.8
Income (RMB)
5,001~8,000 Income-2 25.2
>8,000 Income-3 273
0 (Base) 359
Times of taking (Beijing to 1~2 times Times of train-1 41.5
Hohhot) trains in the past year 3~6 times Times of train-2 17.9
>6 times Times of train-3 4.7
0 (base) 61.5
Number of flights taken 1~2 times Times of air-1 28.5
(Beijing-Hohhot) in the past
Personal travel year 3~6 times Times of air-2 8.3
experience >6 times Times of air-3 1.7
attributes
Have you ever taken a Yes (base) 82.4
high-speed train? No Never took HSR 17.6
7:00-10:00 (base) 38.2
) ) Favourite departure
Favourite departure time 10:00-16:00 time-1 374
16:00~22:00 Favourite departure 34.4
time-2
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we surveyed (Beijing, Hohhot, Baotou and Ordos)
is RMB 5,646 per month, RMB 3,192 per month,
RMB 3,729 per month and RMB 3,447 per month
in 2019. They are all higher than national average
value. It can be seen that the income distribution
of the sample is reasonable. More than 70% of the
interviewees had a university education. The cause
of this may be that the highly educated groups
have responded more positively to surveys based
on online platforms.

4. PASSENGER CHOICE BEHAVIOUR
MODEL

4.1 Conditional logit model

The attribute variables studied in this paper in-
clude not only the personal attributes that do not
change with the program but also the attributes of
ticket products that change with the program. Con-
sidering the mixed situation of two attribute vari-
ables, a conditional logit model is established for
the analysis. The model is based on the theory of
random utility and assumes that passengers make
choices based on the principle of maximizing utili-
ty. The utility function expression of passenger tick-
et choice is shown in Equation 1

Uni=Vait Eni

@)
where U . is the utility function for passengers to
choose ticket category i(i€1); V,; is the system util-
ity of the choice for the passenger and 7; ¢, is the
random part of the utility of the option for pas-
senger n. The system utility V. of the passenger’s
choice is linear in relation to the attribute variables
x,; and z,» a8 shown in Equation 2

K J
Vi = kZI Brxnix+ Zl Vizn (2)

- e
where f, and y; are the parameters to be estimated,
x,; 1s the attribute variable related to the ticket and
z,; represents personal socioeconomic attribute
variables and travel experience attribute variables
that do not change with the ticket. V, , indicates the
utility of not buying any product, as a base option.
Assuming that the utility random item ¢ follows
the independent and identical Gumbel distribution,
the probability that the passenger n chooses the
ticket i is shown in Equation 3.

e Vi

Pui= e
eVn0+ Z eVn/
jel

)

4.2 Parameter calibration

The variables in Tables I and 2 are introduced into
the model, and the maximum likelihood method is
used to estimate the parameters. The calibration re-
sults of the conditional logit model of business trav-
el and non-business travel are shown in Tables 3 and 4.

Table 3 — Model tests

Tten Business Non-business
Travel Travel
Number of §ample 5.940 5.940
observations
Number of individuals in 660 660
the sample
Wald chi2(40) 406.28 432.26
Prob > chi2 0.00 0.00
Log likelihood -3,420.36 -4,516.67

According to Table 3, the chi-square test statis-
tic Wald chi2 and the corresponding P-value show
that the joint significance of all the coefficients of
the entire model is very high and indicate that both
models are valid. When the significance level is set
to 0.05, the italics of P-values in 7able 4 indicate sig-
nificant impact. The results in 7able 4 show that there
are differences in the significance of the attribute
variables between the business travel model and the
non-business travel model.

5. DISCUSSION
5.1 Individual socioeconomic attributes

The conditional logit model of business travel
shows that gender and education level have a sig-
nificant influence on the choice behaviour of buy-
ing tickets. Compared with female passengers, the
probability of buying full-price tickets for male pas-
sengers is 31.47% lower while other factors remain
unchanged and there is no significant difference
when buying discounted tickets. Compared with
people with bachelor’s degree or above, the proba-
bility of buying full price tickets and discount tick-
ets for passengers with a high school degree or be-
low decreased by 77.58% and 71.57%, respectively.
Passengers with junior college education are more
interested in discount tickets. Income level and age
did not have a significant impact on ticket purchase
choices. Since the ticket costs for business travel
were generally not paid by individuals themselves,
the income level did not have a significant impact
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Table 4 — Parameter estimation for passenger choice model of HSR

Business Travel

Non-business Travel

Option Variable Name
ODS Coefficient | P-Value OoDS Coefficient | P-Value
Gender 0.6853 -0.3780* 0.0240 0.8200 -0.1985 0.0900
Education-1 0.2242 -1.4952%* 0.0000 0.7824 -0.2453 0.1670
Education-2 1.3124 0.2719 0.3210 1.2637 0.2340 0.1570
Income-1 1.0363 0.0357 0.8760 0.6619 -0.4126%* 0.0120
Income-2 0.7824 -0.2454 0.2930 0.6817 -0.3831* 0.0320
Income-3 1.1553 0.1443 0.5790 0.8989 -0.1066 0.5750
Age-1 1.8455 0.6127 0.2010 4.5902 1.5239* 0.0000
Age-2 0.9560 -0.0450 0.8310 0.9450 -0.0566 0.7170
Full-price Never took HSR 0.5205 -0.6530%* 0.0000 0.5187 -0.6565%* 0.0000
ticket Favorite departure time-1 1.8102 0.5934* 0.0030 0.7173 -0.3322% 0.0120
Favorite departure time-2 0.8935 -0.1127 0.5640 0.7056 -0.3487* 0.0170
Times of train-1 1.0285 0.0281 0.8800 1.0615 0.0597 0.6450
Times of train-2 2.6269 0.9658* 0.0080 1.8392 0.6093* 0.0030
Times of train-3 0.4859 -0.7218%* 0.0310 2.7571 1.0142* 0.0020
Times of air-1 1.1599 0.1483 0.5130 1.3828 0.3241* 0.0350
Times of air-2 1.0908 0.0869 0.7940 0.8409 -0.1732 0.4520
Times of air-3 2.4551 0.8981 0.3860 0.6473 -0.4349 0.3180
Constant 428.9039 6.0612* 0.0000 32.8218 3.4911%* 0.0000
Gender 0.7241 -0.3229 0.0670 0.6593 -0.4165* 0.0000
Education-1 0.2843 -1.2576%* 0.0000 0.5217 -0.6506%* 0.0000
Education-2 1.8104 0.5936* 0.0350 1.2033 0.1851 0.2350
Income-1 1.3903 0.3295 0.1700 0.4625 -0.7711* 0.0000
Income-2 0.9829 -0.0173 0.9440 0.6354 -0.4535%* 0.0060
Income-3 1.2378 0.2133 0.4350 0.8787 -0.1293 0.4670
Age-1 2.4431 0.8933 0.0760 1.3223 0.2794 0.5290
Age-2 0.9095 -0.0949 0.6720 1.1500 0.1398 0.3410
Discount Never took HSR 0.8738 -0.1349 0.4900 0.4658 -0.7641%* 0.0000
ticket Favorite departure time-1 2.2518 0.8117* 0.0000 1.0734 0.0708 0.5650
Favorite departure time-2 1.0411 0.0402 0.8460 0.9722 -0.0282 0.8370
Times of train-1 0.9959 -0.0041 0.9830 1.1875 0.1719 0.1520
Times of train-2 1.7556 0.5628 0.1340 1.7581 0.5643* 0.0040
Times of train-3 0.2215 -1.5073* 0.0000 1.3535 0.3027 0.3300
Times of air-1 0.8871 -0.1198 0.6140 1.4516 0.3727* 0.0100
Times of air-2 0.8427 -0.1712 0.6270 1.2188 0.1979 0.3470
Times of air-3 7.8886 2.0654* 0.0490 0.7448 -0.2947 0.4650
Constant 70.9936 4.2626* 0.0000 63.3962 4.1494* 0.0000
Fare 0.9902 -0.0098* 0.0000 0.9946 -0.0054* 0.0000
Advance booking 0.9814 -0.0188* 0.0020 0.9936 -0.0064 0.2010
Score 1.0002 0.0002* 0.0050 0.9999 -0.0001 0.3350
Operation time 0.8475 -0.1655%* 0.0030 0.8725 -0.1364* 0.0090
Departure time-1 1.1003 0.0956 0.0980 1.0258 0.0255 0.6200
Departure time-2 1.0234 0.0231 0.6830 0.8909 -0.1156* 0.0230

* Significant at the 0.05 level.
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on ticket purchases. Women prefer full price tickets
more than men when they travel because of work.
When designing passenger ticket products, val-
ue-added services can be added to the results for
these passengers, such as setting up female-only
carriages, placing luggage and providing blankets.

The conditional logit model of non-business
travel shows that gender, education level, income
and age all have a certain influence on ticket pur-
chase behaviour. When purchasing full-price
tickets, there is no significant difference between
male and female travellers. When travelling for
non-business purposes, female passengers prefer
discount tickets more than male passengers. The
passengers with high school degrees or below and
those with junior college education are not signifi-
cantly different from those with bachelor’s degree
or above when purchasing full-price tickets, while
the passengers with high school degree or below
are more likely to purchase discount tickets. When
the monthly income exceeds RMB 8,000, the effect
on ticket choice behaviour is not significant. Pas-
sengers with a monthly income of more than RMB
3,000 and less than RMB 8,000 are less inclined to
choose HSR than those with an income of less than
RMB 3,000. This may be because they have other
travel modes to choose from. For example, if they
have a car, it is also a good choice to drive with their
family when travelling privately. However, the co-
efficients of Income-1 and Income-2 for discount
tickets are smaller than those for full-price tickets.
It can be concluded that compared to passengers
earning less than RMB 3,000, passengers with an
income of RMB 3,000-8,000 dislike discount tick-
ets more than full-price tickets. This may be due
to too many restrictions on discount tickets. Im-
proving the attractiveness of HSR to these groups
is worthy of attention. Compared with passengers
over 44 years of age, there is no significant differ-
ence in the purchase of discount tickets for passen-
gers of other age groups. Passengers younger than
18 years of age are more willing to buy full-price
tickets than passengers older than 44 years of age
when traveling on non-business trips. Those under
the age of 18 were born after 2000 and they have a
more positive attitude for consumption than those
over the age of 44. After all, the disposable income
of urban residents in 2000 exceeded 18 times of
that in 1978. In fact, such groups do not have the
opportunity to travel on business and the coverage
of their expenses comes from their families.

5.2 Personal travel experience attributes

Whether passengers have the experience of tak-
ing HSR has a significant impact on the purchase
of full-price tickets, and the corresponding coeffi-
cient is negative, indicating that passengers with
HSR experience are more willing to buy full-price
tickets. The travel experience of HSR has no sig-
nificant impact on the purchase of discount tickets.
The survey finds that business travellers who have
taken the HSR will have a good impression of the
HSR because of the speed, punctuality and com-
fort of the HSR, and they tend to continue to travel
by HSR. Compared with passengers who like to
depart at 7:00 to 10:00 in the morning, those who
prefer to travel at 10:00 to 16:00 are more inclined
to choose HSR for business travel. The proba-
bility of buying full-price tickets for the latter is
1.81 times that of the former, and the probability
of buying discounted tickets for the latter is 2.25
times that of the former. The number of trains and
airplanes taken in the survey interval in the past
year can reflect the familiarity of passengers with
the two travel modes between Beijing and Huhhot.
The model calibration results show that compared
with passengers who did not travel by train be-
tween Beijing and Hohhot in the past year, the pas-
sengers who did travel from Beijing to Hohhot for
3-6 times in the past year have a significant impact
on the purchase of full-price tickets for HSR. They
are more willing to purchase full-price tickets than
passengers who did not travel by train in the past
year. Passengers who travelled with Beijing to
Hohhot trains more than 6 times in the past year
have a significant impact on the purchase of HSR
discount tickets, and compared with passengers
who did not travel by train in the past year, they
are less willing to buy discounted HSR tickets.
Air travel frequency has no significant influence
on purchase of full-price HSR tickets for business
travel. Passengers who travelled more than 6 times
by air between Beijing and Hohhot in the past
year are more willing to purchase discounted HSR
tickets for business travel than those who did not
travel. Passengers who have taken the HSR, prefer
to travel from 10:00 to 16:00, or travel with Bei-
jing-Huhhot conventional trains with a frequency
of 3-6 times, prefer full fare tickets. This enlight-
ens railway operating companies to give extra care
to frequent travellers to increase their loyalty.
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Passengers who have taken HSR are also more
inclined to buy HSR tickets when traveling on
non-business trips. Compared with passengers
who like to travel between 7:00 and 10:00 in the
morning, those who like to travel in other times
are more reluctant to buy full-priced HSR tickets.
When buying discount tickets, the effect of travel
time preference is not significant. Compared with
passengers who did not take this type of train in the
past year, passengers who did take 3 or more trains
are more willing to purchase full-price tickets for
HSR trips, and the higher the frequency, the greater
the probability of choice. Passengers who travelled
more than 6 times by air between Beijing and Ho-
hhot in the past year are also more willing to buy
discounted HSR tickets. Compared with passengers
who did not take this type of flights in the past year,
passengers who did take them 1-2 times are more
inclined to switch to HSR. The probability of pur-
chasing full-price tickets increases to 1.38 times
and the probability of purchasing discount tickets
increases to 1.45 times. Passengers who have taken
more than 3 flights of this type have no significant
influence on the HSR ticket choice behaviour. Pas-
sengers who have taken the HSR or prefer to travel
from 7:00 to 10:00, whose travel frequency between
Beijing-Hohhot by conventional trains is more than
3 times, or whose air travel frequency is 1-2 times,
prefer full fare tickets when traveling on non-busi-
ness trips.

5.3 Ticket attributes

Passengers travelling on business trips have a
higher inherent preference for full-price tickets. The
full-price tickets designed in the questionnaire al-
low passengers to change their tickets once free of
charge. They are more flexible and business trav-
ellers prefer full-price tickets. The significant fac-
tors among ticket attributes include fare, booking
in advance, railway frequent passenger points and
operating hours. Among them, the fare, booking in
advance and operating time have a negative impact
on the ticket purchase choice. It means that the lon-
ger the discount tickets need to be booked in ad-
vance, the more business travellers will lose inter-
est in discount tickets. Railway frequent passenger
points have a positive impact on ticket choice, so
increasing the points of full-price tickets will attract
more business travellers. The departure time has no
significant influence on ticket choices for passen-
gers travelling from Beijing to Hohhot.

Passengers travelling on non-business have a
higher inherent preference for discount tickets. The
factors that have a significant impact on passen-
ger ticket choice include fare, operating time and
departure time, while the effects of booking in ad-
vance and railway frequent passenger points are not
significant. Compared to tickets for trips departing
from 7:00 to 10:00 in the morning, the probabili-
ty of non-business travellers choosing a ticket after
16:00 will be reduced by 10.91%.

6. CONCLUSIONS

This paper establishes conditional logit models
of passenger ticket purchase choice at the level of
HSR ticket products. The research shows that per-
sonal socioeconomic attributes, travel experience
attributes and ticket attributes have different effects
on passenger ticket purchase behaviour for business
and non-business travel. It is recommended to add
statistical information of passengers’ socio-eco-
nomic attributes and travel experience attributes in
the ticket system to improve the accuracy of using
ticket data to model the passengers’ ticket purchase
behaviour.

Booking days in advance and railway frequent
passenger points have a significant impact on busi-
ness travellers’ choice. This has implications for
the design of passenger ticket products. For the
Beijing-Hohhot HSR line, it is recommended to
increase the booking days in advance for discount
tickets, reduce railway frequent passenger points for
discount tickets and increase railway frequent pas-
senger points for full-price tickets during the design
of HSR ticket products, to limit the demand for full-
price tickets, to transfer purchase discount tickets
and ensure the successful implementation of reve-
nue management measures.

For business travel and non-business travel,
the train operating time has a significant impact
on ticket choice behaviour. For the HSR line from
Beijing to Hohhot, higher discounts can be set for
long-running trains when designing ticket products.
Non-business passengers are unwilling to choose
tickets that depart after 16:00. It is suggested for the
discount to be adopted in order to improve the at-
traction of this kind of ticket products.

Passengers who have taken HSR trains are more
willing to choose full-price tickets when traveling
on business trips and are more willing to buy dis-
count tickets when traveling on non-business trips.
Passengers who have taken HSR prefer to choose
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HSR. For newly opened operating lines, publicity
and discount measures can be adopted to attract
more passengers to take high-speed trains to culti-
vate passenger flow.

With questionnaire surveys to study passenger
ticket choice behaviour, the research conclusions
can promote a more reasonable design of passen-
ger ticket products and provide initial parameters
for the revenue management model. The results in
this paper can also provide references for other HSR
lines. With the implementation of flexible fares, in
the future, more accurate characterization of ticket
choice behaviour should be explored with sale data.
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