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ANALYSIS OF TRAVEL BEHAVIOR CHARACTERISTICS  
OF GUANGZHOU í ZHUHAI INTERCITY PASSENGERS  
BASED ON SURVEY 

  
Conducts a questionnaire survey on passengers traveling between Guangzhou and 

Zhuhai cities, analyzes the characteristics of intercity travel behavior of passengers, and 
combines utility functions and Logit models to study the sharing rate of travel modes un-
der different ticket prices. The aim is to provide a basis for coordinating the intercity pas-
senger transportation market and formulating ticket prices.  

 
In recent years, intercity railways have occupied a place in intercity travel due 

to their advantages of safety, comfort, speed, economy, and convenience. Study-
ing the travel characteristics of intercity passengers is of great significance for op-
timizing intercity train operation plans and improving passenger service quality. 
Scholars at home and abroad have conducted extensive research on passenger tra-
vel choices, starting from Deserpa [1] constructing a travel consumer behavior 
model and studying the contribution of microeconomic theory to saving travel 
time, to Luce proposing the Logit model, McFadden [2] and Ben Akiva [3] grad-
ually improving and perfecting the Logit model, taking into account factors such 
as travel purpose, travel cost, and travel time, Study the travel mode choice beha-
vior of intercity travelers [4]. Scholars such as Feng Yan [5], Xiang Hongyan [6], 
and Hao Xiaoni [7] applied a random coefficient Logit model to analyze the in-
tercity transportation travel choice behavior of passengers. Li Wanwen [8] and 
Zheng Xuelin [9] analyze the preference patterns of passengers for intercity travel 
choices and compare the marginal utility values of various influencing factors. 

1 Analysis of the connotation and characteristics of intercity travel.  
1.1 The definition of intercity travel. 
This article defines intercity travel as the entire process of intercity passengers 

traveling from one city to adjacent cities by taking a certain intercity transporta-
tion to achieve a certain travel purpose [10].  

1.2 The influencing factors of intercity passenger travel mode choice behavior.  
1.2.1 Characteristics of intercity travelers.  
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This article mainly analyzes passenger travel mode choice behavior from the 
characteristics of transportation facilities, intercity travelers, intercity travel cha-
racteristics, and other macro influencing factors.  

1.2.2 Characteristics of intercity travel. 
Each individual traveling will choose a different mode of transportation due to 

differences in gender, age, occupation, income, and other factors. The characteris-
tics of intercity travel mainly include factors such as travel distance, travel pur-
pose, travel time, travel cost, etc.  

1.2.3 Characteristics of intercity transportation facilities.  
The characteristics of intercity transportation facilities mainly include safety, 

speed, convenience, economy, comfort, punctuality, and other characteristics 
[11]. Due to different characteristics, there are also differences in the choice of 
transportation modes among intercity travelers. Summary of Characteristics of 
Transportation Facilities as shown in Table 1. 
Table 1�í Transportation Facility Properties  

Transportation  
facility attributes Meaning of indicators 

Security  Operation, personal and property safety protection  
Fastness  Running speed, transfer time, waiting time  
Convenience  Transfer, ticket purchase, station entry convenience, and departure 

frequency  
Economy  Ticket prices and transfer fees  
Punctuality  Timeliness of departure and arrival  
Comfort Waiting environment, occupancy rate, carriage environment, and 

degree of carriage congestion  
2 The behavioral model for intercity passenger travel mode selection.  
2.1 Investigation and analysis of passenger travel between Guangzhou and 

Zhuhai cities. 
In order to more accurately reflect the travel characteristics of passengers be-

tween Guangzhou and Zhuhai, and to make the data more authentic and effective, 
this article conducted a survey on passengers between Guangzhou and Zhuhai. 
The survey was conducted at Guangzhou South Station, Guangzhou Passenger 
Bus Station, Zhuhai Station, etc., with 480 respondents and 453 valid question-
naires. The content of this survey questionnaire mainly includes:  

í characteristic information of intercity travelers: gender, age, occupation, and 
income; 

í travel demand information for intercity travelers: travel purpose, travel time, 
travel frequency, and transportation mode chosen for travel;  

í information on the choice of transportation modes for intercity travelers: 
factors influencing the choice of transportation modes.  

The survey content of Guangzhou í Zhuhai intercity passenger travel is 
shown in Figure 1. 
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Figure 1 – The survey content of Guangzhou í Zhuhai intercity passenger travel 

Through data processing using SPSS software, it was found that the top three pre-
ferred factors for intercity travelers to choose their travel modes were safety (35,2 %), 
convenience (22,8 %), and punctuality (15,7 %). The preferred transportation modes 
from highest to lowest were intercity railways (56,4 %), intercity buses (19,8 %), 
trains (12,4 %), private cars, taxis, and others (11,4 %) (Tables 2, 3). 
Table 2�í Preferred factors for intercity travel mode selection  

Factor Economy Fastness Comfort Security Punctuality Conveni-
ence 

Ratio, %  6,2 9,2 11,4 36,2 15,5 21,5 

Table 3�í Priority transportation modes for intercity travelers 

2.2 Application of Utility Theory in Intercity Travel. 
In intercity travel, utility refers to the satisfaction obtained by travelers after 

considering various factors such as cost, time cost, convenience, and comfort, and 
deciding to choose a certain mode of transportation. From the psychological pers-
pective of intercity travelers, analyze various intercity travel plans, and each plan 
has a utility value. The magnitude of utility value represents the amount of bene-
fits that travelers receive from choosing a certain travel plan.  

The utility function relationship can be represented by following equation. 
                                                       Uin = Uin (Xin),                                                (1)  
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where Uin�í the utility brought by passenger's choice of travel mode i;   Xin − the 
comprehensive characteristic variable when selecting transportation mode i. 

The behavioral analysis model of intercity passenger travel mode selection 
can be understood as a multi option selection problem. Analyze the travel mode 
selection behavior of intercity passengers from a probabilistic perspective, and 
analyze the impact of various influencing factors on the probability of transporta-
tion mode selection. The probability of passenger n choosing Class I transporta-
tion plan can be expressed as 
                                       Pin = Prob(Uin > maxUjn, i � j, i, j → An),                      (2) 
where Aní set of transportation methods available for passenger n to choose from; 
Uin�í the utility of passenger n choosing the i-th mode of transportation; Ujn í the 
utility of passenger n choosing the j-th mode of transportation; Uin í the utility 
function when passenger n chooses the i-th mode of transportation. 

Due to errors in the judgment of passengers for each mode of transportation, 
as well as different subjective preferences of passengers, the utility function is di-
vided into two parts: a fixed term and a random term, expressed as  
                                                   Uin=Vin + İin,                                                       (3)  
where Vin í the fixed term calculated for the observable characteristic variable;  İin í 
random term caused by errors or unobservable influencing factors. 

2.3 Model for intercity passenger travel mode selection.  
According to the intercity travel mode between Guangzhou and Zhuhai, a bi-

nomial Logit model is used for prediction. By establishing utility value functions 
for each intercity transportation mode, the sharing rate of each transportation 
mode is predicted, and the utility value of each transportation mode is determined 
by the facility characteristics of the transportation mode [12]. The main influen-
cing factors selected for the Logit model include economy, speed, comfort, safe-
ty, and convenience, and it is assumed that each influencing factor is independent 
of each other. Multiple Logit models are selected to predict the sharing rate. 

The utility function relationship used is as follows:  
                                      Uin = w1Ei + w2Ti + w3Ci + w4Si + w5Ri,                          (4) 
where Uin�í the utility value of the i-th transportation method chosen by the n-th 
type of passengers; wi í weight coefficient of influencing factors; Ei ,Ti ,Ci, Si, Ri í 
characteristic values of the i-th mode of transportation. 

The Guangzhou í Zhuhai intercity transportation channel includes two modes 
of transportation: railways and highways, including ordinary railways, intercity 
railways, intercity buses, and cars. For the convenience of studying the passenger 
volume sharing rate within the Guangzhou í Zhuhai Intercity Railway, the fol-
lowing restrictions are made: due to the extremely low frequency and passenger 
flow of ordinary railways between Guangzhou and Zhuhai, only the Guangzhou – 
Zhuhai Intercity Railway is analyzed in railway transportation, and no research is 
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conducted on ordinary railways. In road transportation, research is only con-
ducted on operating vehicles, namely intercity buses, and private cars are no 
longer studied.  

3 Results.  
3.1 Solving the Utility Function Model. 
By analyzing the characteristics of each facility, determine the characteristic 

values of each influencing factor.  
3.1.1 Security.  
When calibrating the characteristic values of safety, the average mortality rate 

per unit of passenger turnover is used as a quantitative indicator of safety. Ac-
cording to existing survey data in China, the safety indicators for high-speed trains 
and buses are 0,018 people/100 million person kilometers and 18 people/100 mil-
lion person kilometers, respectively.  

3.1.2 Fastness. 
According to the current transportation conditions in Zhuhai, the transportation 

time for each mode of transportation within the city is approximately 0,5 hours. The 
average operating time for the Guangzhou í Zhuhai Intercity Railway is 0,88 hours, 
and the average operating time for buses on highways is 2,5 hours. Therefore, the 
total time for the intercity railway and bus between Zhuhai and Guangzhou is    
1,38 hours and 3 hours, respectively.  

3.1.3 Convenience. 
In the Guangzhou í Zhuhai intercity transportation channel, the frequency of ur-

ban rail departures is about 3,2 times/h, and the frequency of bus departures is about 
2 times/h. The average waiting time for intercity passengers is taken as half of the 
departure time interval. Therefore, the total time required for the Guangzhou í 
Zhuhai intercity rail and bus services is 0,468 hours and 0,6 hours, respectively.  

3.1.4 Economy. 
When calibrating the characteristic values of economy, the fare of transporta-

tion modes is used as the economic indicator. The average ticket price for interci-
ty buses from Zhuhai to Guangzhou is 43,5 yuan; The first class ticket price for 
intercity railway is 90 yuan, and the second class ticket price is 70 yuan.  

Based on the analysis of survey data, considering that intercity passengers 
tend to choose relatively economical second-class seats on the Guangzhou í 
Zhuhai Urban Railway in most cases, this article selects the ticket price of 
second-class seats as the economic measure.  

3.1.5 Comfort. 
The measurement standards for passenger comfort of transportation vehicles 

include indicators such as the smoothness of transportation facility operation, rid-
ing environment, cabin congestion, and facility service quality. Quantify the per 
capita space occupied by vehicles and the vibration acceleration during operation 
as measurement indicators, and then scale these quantification indicators to form 
a comfort index Ci: 
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where Ci
space�í the quantified value of the space occupied by each person of the i-

th type of transportation vehicle; Ca
i�í the quantified value of the average vibra-

tion acceleration during the operation of the i-th type of carrier. 
According to the study on the main technical and economic issues of high-

speed railway passenger dedicated lines in China, the per capita occupancy space 
of high-speed trains and cars is 3,6 and 1,5, respectively, and the peak vibration 
acceleration is 1,5 and 3,6. According to formula 6, the comprehensive comfort 
indicators for urban rail and buses are 4,27 and 1,78, respectively.  

In order to facilitate the comparison of the indicators of the influencing factors 
between the two transportation modes, the indicator values of the service 
attributes of each transportation facility are dimensionless in the following way, 
as shown in formulas 6 (Positive indicator) and 7 (Negative indicator).  

                                                       ;
max

*

i

i
i X

XX =                                                 (6) 

                                                       ,
min

*

i

i
i X
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where Xi�í the measurement of each influencing factor; X*
i�í the characteristic 

values obtained through dimensionless transformation of various influencing 
factors.  

The converted results, namely the characteristic values of each influencing 
factor in the utility function, are shown in Table 4.  
Table 4�í Eigenvalues of various influencing factors of utility function 

Transportation 
method 

Security Fastness Convenience  
(negative indicator) 

Economy  
(negative indicator) 

Comfort 

Intercity 
railway  

 
1,000 

 
1,000 

 
0,591 

 
1,000 

 
1,000 

Bus  0,390 0,504 1,000 0,875 0,417 
(Note í According to the «Research on the Passenger Transport Structure of 

Transportation Channels in China»[13], the safety index is first transformed into 
data of "people/billions of person kilometers", then transformed using natural lo-
garithm method, and finally processed using formulas.) 

By  using  SPSS  software  to  analyze  and  process  the  data  obtained  from  the  
survey questionnaire, the proportion of travelers with different income levels in 
the total sample data can be obtained. Meanwhile, the weighted average method 
is used to determine the weight coefficients of each influencing factor in the util-
ity function. The weight coefficient represents the contribution of the influencing 
factors of each transportation mode to the utility value:  

                                            ,Ȧ...ȦȦȦ 2211
~

ninii qqq +++=  
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where Ȧ~�í the weight values of each influencing factor; qi�í type i the percentage 
of intercity travelers with the nth income level in the total number; Ȧni� í the  
weight value of intercity travelers with the n-th income level on the characteris-
tics of transportation modes.  

Thus, the degree to which intercity travelers with different income levels at-
tach importance to the various characteristics of transportation facilities, as well 
as the weight coefficients of various influencing factors in the utility function, can 
be obtained. See Tables 5 and 6 respectively.  
Table 5�í Weight coefficients of influencing factors for travelers with different income 

levels  

Table 6�í Weight coefficients of various influencing factors in the utility function 

Influence factor  Security  Fastness  Convenience  Economy  Comfort  

Weight coefficient  0,14 0,23 0,22 0,25 0,16 
3.2 Calculation of intercity passenger flow sharing rate. 
Calculate the utility value of intercity railways and buses using formula 5, as 

follows. The utility value of the Guangzhou í Zhuhai Intercity Railway is:  
0,14 · 1 + 0,23 · 1 + 0,22 · 0,591 + 0,25 · 1 + 0,16 · 1 = 0,910. 

The utility value of intercity buses is:  
0,14 · 0,39 + 0,23 · 0,504 + 0,22 · 1 + 0,25 · 0,875 + 0,16 · 0,417 = 0,676. 

The passenger volume sharing rate of intercity railways and expressways 
within the Guangzhou í Zhuhai intercity transportation channel is calculated as 
follows calculation of urban rail sharing rate:  

%.37,57
)676,0exp()910,0exp(

)910,0exp(
1 =

+
=p  

Calculation of highway sharing rate: p2 = 1 – p1 = 42,63 %.  
Comparing the current intercity passenger flow sharing rate and predicted 

sharing rate obtained from the survey, we can identify the gap between the two, 
providing support for coordinating the passenger transportation market and im-
proving the passenger transportation structure. Based on actual survey data and 
predicted results, the comparison between the two is shown in Table 7. 

Passenger type Security Fastness Convenience Economy Comfort 

Below3000 yuan (26,7 %) 0,16 0,24 0,14 0,35 0,11 
3000í4500 yuan (24,2 %) 0,18 0,18 0,22 0,27 0,15 
4500í6000 yuan (22,8 %) 0,12 0,23 0,25 0,28 0,12 
6000í7500 yuan (12,9 %) 0,18 0,21 0,22 0,18 0,21 
Over 7500 yuan (12,4 %) 0,18 0,27 0,18 0,15 0,21 
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Table 7�í Comparison of Guangzhou í Zhuhai Intercity Passenger Transport Structure  
Transportation method Intercity railway Expressway 

Actual survey value, %  59,50 30,10 
Model predicted value, %  57,37 42,63 

Through comparison, it can be seen that intercity railways are accepted and 
prioritized by most intercity passengers. The cancellation of intercity buses has a 
certain impact on the travel mode choices of passengers. In actual investigations, 
some intercity travelers are affected by the suspension of intercity buses. But 
overall, the prediction of passenger flow sharing rate on intercity railways has a 
certain degree of accuracy.  

3.3 Calculation of Guangzhou Zhuhai City Railway Share Rate under Differ-
ent Ticket Prices. 

The changes in indicators such as operating speed and comfort of transportation 
modes require a significant amount of technology and material investment. There-
fore, based on the above situation, assuming that the other characteristics of each 
mode of transportation remain unchanged, only considering changes in ticket pric-
es, calculate and analyze the changes in the sharing rate of the Guangzhou í Zhuhai 
intercity railway under different ticket price conditions. Considering the policies 
and costs of the two modes of transportation, the fluctuation range of ticket prices 
for the Guangzhou í Zhuhai Intercity Railway is set to be 10 % lower and 30 % 
higher, while the ticket prices for the expressway are set to be 10 % higher and     
10 % lower respectively. From the above conditions, it can be inferred that, the pas-
senger sharing rate of the Guangzhou í Zhuhai Intercity Railway under different 
ticket prices is shown in Table 8.  
Table 8�í The passenger sharing rate of the Guangzhou í Zhuhai Intercity Railway 

under different ticket prices, yuan 
Intercity 
Railway 

ticket 
price 

Highway ticket price 

39,2 41,2 43,5 45,7 47,9 50,0 52,2 54,4 56,6 

63,0 0,5723 0,5692 0,5660 0,5640 0,5601 0,5574 0,5551 0,5529 0,5509 
66,5 0,5751 0,5733 0,5725 0,5665 0,5635 0,5606 0,5581 0,5559 0,5536 
70,0 0,5778 0,5751 0,5737 0,5695 0,5668 0,5638 0,5613 0,5588 0,5566 
73,5 0,5802 0,5776 0,5749 0,5723 0,5695 0,5670 0,5643 0,5618 0,5593 
77,0 0,5825 0,5798 0,5773 0,5749 0,5723 0,5797 0,5672 0,5638 0,5621 

According to Table 8, when the ticket price of intercity buses is fixed, the 
lower the ticket price of urban rail, the higher the passenger flow sharing rate of 
urban rail; On the contrary, as the ticket price of urban rail increases, the passen-
ger flow sharing rate of urban rail decreases. Overall, ticket prices have a certain 
impact on the passenger flow sharing rate. With the increase in intercity railway 
ticket prices, intercity travelers will also have fewer choices for this mode of 
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transportation. Therefore, it is necessary to establish reasonable ticket prices and 
coordinate the intercity passenger transportation system. By calculating and pre-
dicting the passenger flow sharing rate of urban rail under different ticket prices, 
it can provide strong basis for the fare formulation and facility improvement of 
transportation operation departments.  

4 Suggestions for the operation plan of the 4 trains. 
By analyzing the travel behavior characteristics of passengers between 

Guangzhou and Zhuhai, as well as predicting the passenger flow sharing rate, 
feasible suggestions are provided for train operation, and more convenient and 
high-quality services are also provided for the travel of passengers between 
Guangzhou and Zhuhai.   

In terms of travel time slots, the travel time slots for passengers are not fixed, 
and the distribution of travel time slots is not entirely the same. According to the 
investigation and analysis, railway operation departments should increase the fre-
quency of train departures during peak passenger travel hours, and increase the 
number of train departures during weekends or holidays to alleviate the tense 
peak passenger flow. 

In terms of balancing train occupancy, the comfort of residents is closely re-
lated to the occupancy rate of the train. A high occupancy rate can lead to a de-
crease in passenger comfort; A low occupancy rate can lead to wastage of operat-
ing costs. Therefore, the operations department should consider comprehensively 
and strive to find a balance between the two.  
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ɢɡɦɟɧɟɧɢɟ�ɬɟɯɧɨɥɨɝɢɢ�ɩɟɪɟɪɚɛɨɬɤɢ�ɜɚɝɨɧɨɜ�ɧɚ�ɬɟɯɧɢɱɟɫɤɢɯ�ɫɬɚɧɰɢɹɯ. ɉɨɤɚɡɚɧɨ, ɱɬɨ�ɜ 


