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Abstract: To explore the travel behavior mechanism of tourists
and encourage the use of tourist buses, realizing the dynamic
balance between travel demand and transportation supply in
rural areas, the bus route preferences of tourists based on trip
chains and travel mode choices were analyzed. A nested logit
model with trip chain pattern as the top level, travel mode
choice as the middle level, and bus route preference as the
third level was estimated by using tourism travel survey data
collected from 546 respondents in Lishui, Nanjing, in 2021.
The results indicate that travel mode choice significantly
affects tourists’ choice of a complex chain with featured scenic
spots; bus route preference has a marked impact on private
cars. Further, the results clarify the influence of tourists’
sociodemographic attributes, tourism travel characteristics,
and bus travel intention on the three choice levels. Finally,
policies for improving bus operation efficiency and service
quality were proposed for rural areas similar to Lishui,
Nanjing.
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n the past two years, COVID-19 has considerably im-
Ipacted the tourism industry, inhibiting cross-border
tourism flow. Thus, with the orderly implementation of
prevention and control owing to COVID-19, domestic
tourism is becoming predominant in the tourism industry.
The number and income of domestic tourists are showing
a trend of recovery. Rural tourism has become an impor-
tant growth point of the domestic tourism market. The
rich tourism resources in rural areas provide strong sup-
port for the development of rural tourism. However,
some rural scenic spots are scattered and lack traffic
links. The resulting imbalance between tourism travel de-
mand and transportation system supply is particularly
prominent during peak periods such as holidays. Consid-
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ering the advantages of buses in alleviating traffic stress
and environmental pollution“], addressing the tourist bus
service system in rural areas is important.

For this purpose, the travel behavior mechanism of ru-
ral tourists should be studied. The decision-making
process of a tourism trip includes the choice of destina-
tion, travel mode and route, and other choices. Previous
studies have focused on single-choice behavior and ana-
lyzed the impact of external factors such as tourists’ so-
ciodemographic attributes, road conditions,
policies”™ . However, tourists’ choice behaviors are in-

and traffic
terrelated and, in reality, interactive'”’. Therefore, some
tourism travel studies have introduced the concept of the
trip chain, which profoundly reflects the internal mecha-
nism of different choice behaviors”®. With the charac-
teristics of time, space, and structure, a trip chain better
expresses the travel needs of tourists. Analyzing the trip
chain can provide operation and management policies to
optimize the travel demand structure and encourage tour-
ists to travel by bus.

This paper selects trip chain pattern and travel mode
choice, two key elements that affect bus route choice in
travel decision-making, to analyze their influencing fac-
tors and the interaction mechanism with bus route prefer-
ence. The Lishui District of Nanjing, China, is selected
as a case study in rural tourism. In 2020, Lishui attracted
more than 5 million tourists and achieved a comprehen-
sive income of over 1.4 billion yuan. Large-scale tourism
has resulted in complex travel behavior and serious traffic
congestion on holidays, increasing demand for tourist bus
services. At present, the central urban area of Lishui is
serviced by Rail Transit Line S7 and a dense bus net-
work; however, a direct bus connection is lacking be-
tween the scenic spots in peripheral areas, and tourists
need to go to the central urban area to transfer. In this
context, exploring the increasingly complex behavior of
choosing tourist buses and proposing bus service optimi-
zation strategies according to tourists’ route preferences is
essential.

Although some studies have proposed improvement
measures for bus services, exploring the influencing fac-

[7-8]

tors of tourists’ preferred public transport mode "', they
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focus on urban tourism travel. Considering this limita-
tion, this study aims to make two contributions to the ex-
isting literature. Methodologically, a three-level bus
route preference nested logit (NL) model based on the
trip chain and travel mode choice is proposed, allowing
for the joint representation of the correlations between the
three components. Empirically, the research scope of
tourism travel is within the rural area. The study is of
theoretical significance and practical value in promoting

sustainable tourism development in similar counties.
1 Literature Review

With the structural optimization and upgrading of
tourism, the focus of domestic tourism has changed from
traditional sightseeing to holiday leisure. The travel be-
havior of tourists exhibits basic characteristics, including
individual travel, high travel rates, and high mobility,
which are different from those of urban residents. Mean-
while, seasonal changes in tourism travel demand are ob-
vious, and the spatial distribution of tourists is concentrat-
ed geographically. To better grasp the characteristics and
laws of tourism travel, numerous studies have focused on
the travel behavior of tourists'” " .

Traditionally, tourism travel behavior analysis is devel-
oped based on the “four-stage” method. As the individual
complexity and randomness of tourism increase, research-
ers have introduced the disaggregated model that consid-
ers individual behavior to analyze the influencing factors
Current stud-
ies on travel behavior analysis focus on travel patterns,

and mechanisms of tourists’ travel choices.

destination choice, travel route choice, and travel mode
#1374 In particular, travel mode choice has re-
ceived extensive attention due to its direct effect on other

choice'

choice behaviors. Studies have shown that tourists’ travel
behavior is affected by external factors such as socio-eco-
nomic attributes and traffic conditions as well as internal
factors related to the travel decision-making process, and
31 Construc-
ting discrete choice models based on utility theory, such
as the binary logit, multinomial logit ( MNL), NL,
mixed logit, and SEM ( structural equation modeling) -
logit models with different structures,

mechanism of prominent influencing factors on tourists’
[16-17]

there is an interaction between these factors

can reveal the

travel behavior

To explore tourists’ travel demand characteristics and
mechanisms, some researchers consider the influence of
trip chains in their modeling. Taking all travel and activi-
ties from the residence in one day as a whole, the travel
behavior analysis method based on the trip chain discusses
the influencing factors and interactive relationship be-
tween tourists’ spatiotemporal characteristics and travel
structure. Based on the Beijing tourist survey data, Yang
et al. ™! compared the choice of travel mode and trip chain
between holidays and weekdays. The results indicate that

the trip chain is determined before selecting travel mode
on weekdays, while the decision order is reversed on hol-
idays. Hermawati'” studied the trip chain of tourists in
Bali and found that the increase in travel time and cost
will affect the trip chain with fewer destinations. Qi et
al. "' used the NL model to explore the relationship be-
tween tourists’ trip chains and travel mode choices. They
pointed out that tourists prefer to determine trip chains be-
fore selecting a travel mode and can accept increased time
and economic costs when choosing complex chains.

At present, research on the travel behavior of tourist
bus users mainly involves factors affecting the choice of
bus mode, preference to travel by bus and the develop-
ment potential of the tourist bus. Then strategies to im-
prove the tourist bus system and encourage the use of bu-
ses are put forward. Nutsugbodo et al. '™
public transport preference of international tourists in
Ghana and pointed out that affordability, accessibility,
availability, safety, and comfort would affect tourists’
choice of taking the bus. By constructing the mixed Logit
model, Gutiérrez et al. """ found that tourist age, social
class, educational level, and point of departure have a
great impact on the use of buses in tourist destinations.
Based on the data provided by Google Maps Platform,
Perea-Medina et al. """ modeled and compared tourist bu-
ses with private cars, thus demonstrating the potential for
regionalization of public transport. Tourist bus services

examined the

can be improved from the aspects of convenience, infor-
mation systems, network accessibility, and service fre-
quency'"”?" .

By studying the existing literature, two major research
gaps have been found. First, although researchers have
carried out numerous studies on tourist bus preference,
they are normally devoted to the single stage of bus mode
choice. Few consider the interaction of different choice
stages from the perspective of the tourism travel decision-
making process. Second, most of the relevant studies fo-
cus on the scope of the country, region, city, or within a
scenic spot, while few researchers have considered rural
tourism. Involving tourists’ trip chain and travel mode
choice in the modeling of bus route preference, this study
attempts to reveal the mechanism of rural tourists’ choice
behavior to fill the above gaps effectively.

2 Data

2.1 Data source

From February to March 2021, a rural tourism and bus
travel intention survey was conducted in Nanjing, China,
to obtain tourists’ sociodemographic attributes, rural trav-
el behavior characteristics, and bus travel intentions. Al-
though the development of tourism has been seriously af-
fected by COVID-19 in the last three years, Nanjing is
creating a secure environment for tourism through orderly
epidemic prevention and control. In 2020, Nanjing
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achieved a total of 182.26 billion yuan as tourism revenue
and received 97. 04 million tourists. As an important rural
tourism destination, Lishui is in south-central Nanjing,
45 km away from the main urban zone, with an adminis-
trative area of 1 067.26 km” and a population of 540 000.
It is rich in natural resources and surrounded by a group

Réad network

— Expressway
o Trunk highway

of ecological rural landscape features in the peripheries
(see Fig. 1). By innovating the supply of tourism prod-
ucts such as featured agriculture, tourism villages, and
health industry, as well as improving tourism infrastruc-
ture, rural tourism has become a crucial growth point of
Lishui’s economy.

Road network
~—— Expressway
= Trunk highway
County road
Scenic sport
O Featured village
© Human resource

Fig.1 Distribution of tourism resources in Lishui

Under the relatively comprehensive transportation sys-
tem, the tourist buses in Lishui District are provided with
good development conditions. Relying on aviation and
high-speed rail, Lishui has formed a fast channel connect-
ing the Yangtze River Delta region, expanding the radius
of tourist sources. Moreover, the two metro lines con-
necting Nanjing’s urban area can transport tourists rapidly
to rail transit stations in the rural area, while 1 350 km of
rural roads spreading to 186 rural scenic spots lay a foun-
dation for the development of the tourist bus service. By
the end of 2020, Lishui had opened 85 regular bus
routes, including 26 urban routes (3 of which are tourist
routes), 7 town routes, and 52 urban-rural routes ( see
Fig.2). Among them, 3 routes connect high-speed rail
stations, and 23 routes connect metro line S7 and S9 sta-
tions. The total mileage of bus routes reaches 1 095 km,
with 8 urban-rural interchange hubs. In terms of opera-
tion, Lishui is equipped with 477 buses, with new and
clean energy buses accounting for more than 78% . One-

way bus fare is 2 yuan, and a preferential policy is imple-
mented for bus and metro transfer. Overall, bus network
density is large in urban areas and small in peripheral
towns. The lack of direct connection routes between the
scenic spots results in high transfer ratio and large nonlin-
ear coefficient of bus route, indicating the low service
quality of tourist buses in rural areas. Therefore, this
study discusses tourists’ travel behavior and bus travel in-
tention in Lishui to improve their travel experience and
bus service quality.

2.2 Survey design

In the design of the survey, the key elements of the se-
lected subject (including variables, their value range, and
the relationship between them) was analyzed in advance
to clarify the scope of the investigation. Based on the sur-
vey objectives, the questionnaire includes the following
three sections.
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Fig.2 Rural bus

2.2.1 Survey on sociodemographic attributes of
tourists

Sociodemographic attributes refer to the features and
status data of the respondents, including gender, age, oc-
cupation, income, holding driving licenses, and car own-
ership. As basic data for studying tourism activities and
travel choices, sociodemographic attributes are variables
determined outside the travel decision and are not affected
by causal systems.

2.2.2 Survey on tourism activity and travel charac-
teristics

Tourism activity characteristics refer to the decision-
making aspects of tourism, including tourist source (local
and foreign), travel scale (number of tourists and chil-
dren), travel days, tourist destination type, number of
scenic spots, and weather.

Travel choice characteristics include the number of
transfers, travel distance, external mode of arrival, travel
mode choice in the tourism city, and travel cost. They
are major components of tourist travel choice, and there
is an interaction between these variables, providing im-
portant data support for the construction of the model.

—— City-town route

—— Town-village trunk route
—— Town-village branch route

routes in Lishui

2.2.3 Survey on tourists’ intention to travel by bus

This section aims to grasp tourists’ perception of bus
service, acceptance of bus travel (travel time, waiting
time, walking distance, the number of transfers, and
transfer waiting time), demand for tourist bus services,
and intention to travel by bus. The results of the stated
preference ( SP) survey can better guide tourist bus route
planning and service improvement. Fig. 3 shows the de-
sign structure of the questionnaire.

The survey was conducted online and offline. Re-
spondents were required to have visited Lishui in the past
three months. Besides sociodemographic attributes, they
had to recall the specific travel characteristics of their last

trip. In total, 546 valid questionnaires were collected.
2.3 Data processing

The rural tourism survey data of Lishui was processed
to extract trip chain information. This study defines a
tourism trip chain as a sequence of one-day trips and ac-
tivities that start and end at a tourist’s residence. As resi-
dences may change, it is not mandatory to end at the
starting point.
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Fig.3 Survey design structure

According to the number of scenic spots visited by a
tourist in 1 d, trip chains can be classified into simple
chains, which contain one tourism destination, and com-
plex chains, which contain two or more tourism destina-
tions. By defining rural tourism destinations as featured
scenic spots and non-featured scenic spots, trip chains can
be further divided into five subcategories. Specifically,
the division of the rural scenic spots takes the geograph-
ical location and environmental characteristics of the rural
area, as well as the survey results, into account. This
study finally defines featured scenic spots as hydrogeolog-
and farmhouse re-

ical landscapes, beautiful villages,

sorts, with the other types of scenic spots categorized as

non-featured scenic spots. The five trip chains are de-
scribed as follows, where H refers to home or hotel, F
means featured rural scenic spot, and O represents non-
featured one (see Fig. 4). HFH represents simple trip
chain with only one featured scenic spot; HOH represents
simple trip chain with only one non-featured scenic spot;
HFFH represents complex trip chain containing two or
more featured scenic spots; HFOH represents complex
trip chain containing featured scenic spot(s) and non-fea-
tured spot(s); HOOH represents complex trip chain con-
taining two or more non-featured scenic spots.

HFH

HFFH HOOH

H—Home or hotel; F—Featured scenic spot
O—Non-featured scenic spot

HFOH

Fig.4 Rural tourism trip chains

Due to the favorable socioeconomic conditions and
transportation infrastructure, travel mode choices in Nan-
jing are flexible and diverse. Buses, the metro, taxis,
and private cars are the major travel modes of rural
tourism, chosen by 88. 1% of the respondents. The re-
maining modes are then classified into the “Others” cate-
gory. Since there may be multiple travel modes in a one-
day trip, the dominant mode is determined for each chain

21
© " In the one-

according to the priority ordering scheme
day trip chain, metro and bus have the highest priority,
followed by taxis and private cars.

In the survey, the question of bus route choice was de-
signed as semi-open. To reduce dimensions, this study
used principal component analysis to extract common fac-
tors with a cumulative variance contribution rate greater
than 60% . Tab. 1 shows the correlation between the ob-

served variables and the principal components. According

Tab.1 Principal component analysis results of tourist bus route preference

Principal component 1*
Item

Principal component 2#

Principal component 3* Principal component 4*

BSQ MEC MTC HTC
Comfortable seats -0.563 0.236
Beautiful surrounding scenery -0.569
Complete auxiliary facilities -0.442
Good carriage environment -0.378 -0.215
Preferential transfer policy -0.574 0.171
Low bus fare 0.535
Park + ride facilities 0.464
Short walking distance 0.610
Short waiting time 0.588
Short travel time -0.566
Fewer stops -0.213 0.488
High punctuality 0.226 0.426
Fewer transfers 0.280 0.618
Short transfer and walking distance 0.319

Note: Factor loads less than 0.2 are represented by a space.



54 Lu Ruiying, Guo Xiucheng, Li Juchen, Liu Pei, and Lin Chenxi

to the degree of correlation, the choice preference of rural
bus routes can be summarized into four categories, name-
ly, routes with the best service quality, routes with a
minimum economic cost, routes with minimum time
cost, and routes with the highest transfer convenience. In
particular, the best service quality represents high com-
fort, safety, and beautiful surrounding scenery. For the
convenience of expression, the four categories of tourist
bus routes in the rural area are represented by BSQ,
MEC, MTC, and HTC.

2.4 Descriptive analysis

After data processing, the characteristics of representa-
tive variables in rural tourism travel are analyzed in this
sub-section. Tab. 2 reports the cross percentages of trip
chain and travel mode choices in rural tourism. Complex
chains account for 73.7% of the sample, while featured
scenic spots are the major destinations. The travel mode
choice in rural tourism reveals different characteristics
from that of city tourism. While metro is the main travel
mode for urban tourists, cars are favored by the majority
of rural tourists, especially private cars (47. 5% ). In
contrast, fewer tourists choose public transport, with only
9. 1% of respondents traveling by bus. The reason for
this difference may be the poor availability of bus services
to scenic spots.

Tab.2 Statistics of trip chain and travel mode choice %

Trip chain
Travel mode Total
HFH HOH HFFH HFOH HOOH
Bus 0.4 0.4 3.1 5.0 0.2 9.1
Metro 1.2 1.5 1.5 8.1 0.8 13.1
Taxi 3.1 1.9 2.7 9.2 1.2 18.1
Private car 10.8 2.7 15.8 17.4 0.8 47.5
Others 3.5 0.8 2.3 5.4 0.2 12.2
Total 19.0 7.3 25.4 45.1 3.2 100.0

In terms of bus route preference, most tourists choose
MTC and HTC, accounting for 39.9% and 36.5%, re-
spectively. When traveling by bus,
choose bus routes with less time cost, fewer transfers,
and higher service quality, whereas economic cost, walk-
ing distance, and safety are not given high priority among
the considerations for tourist bus route choice.

As shown in Fig. 5(a), tourists who travel in different
trip chains have different preferences for bus routes. Two
simple chain patterns, HFH and HOH, are usually associ-
ated with less time cost. Tourists traveling in HFFH or
HFOH regard time cost and the number of transfers as e-
qually important. Of tourists who choose HOOH, 50.1%
give the highest priority to the number of transfers, while
factors such as economic cost and service quality only ac-
count for 5. 8% . With the increasing complexity of the
trip chain, the importance of the number of transfers in
tourist bus route choice increases, which is consistent
with the actual situation.

tourists tend to

B MTC; " MTT; BMEC;  BSQ
100
80
®
o 60
Q
=
3
5 40
-1
20
HFH HOH HFFH HFOH HOOH
(a)
= MTC; m MTT; =~ MEC; = BSQ
100

Percentage/%

(b)
Fig.5 Percentage stacking histograms of tourist bus route pref-

erence. (a) Percentage of tourist bus route preference under different
trip chains; (b) Percentage of tourist bus route preference under different
travel modes

Fig.5(b) shows that tourists’ bus route preference is
closely related to the travel mode they choose.
tourists prefer to choose bus routes with the advantages of
the chosen travel modes. Because taxis and private cars
can reach tourist destinations conveniently, over 35% of
tourists who travel using these modes have higher require-
ments for accessibility of tourist buses and have a strong
intention to choose bus routes with fewer transfers. Tour-
ists traveling by private car attach importance to the travel
experience; hence, 19% of them are likely to choose bus
routes with high service quality. Other tourists prefer bus
routes that alleviate the shortcomings of their chosen
modes to a certain extent. Considering that metro stations
are distant from some scenic spots and require bus routes

Some

to connect, tourists traveling by metro tend to choose bus
In addition, 10. 1% of
tourists who take taxis expect bus routes to have the least
economic cost, which may be because taxi travel increa-

routes with minimal transfers.

ses tourism expenses.

As the sequence of tourists arriving at featured or non-
featured scenic spots and the number of the types of sce-
nic spots are important attributes for HFOH trip chains,
regression analysis was conducted to reveal their impact



tom level, whereas the model prediction is conducted
from top to bottom. To overcome the independence from
irrelevant alternation property, the NL model considers
the alternative correlation. Although revealed preference
(RP) and stated preference ( SP) survey data were col-
lected, the study design ensures that the same respondent
does not have repeated choices. Thus, emphasizing indi-
vidual heterogeneity is unnecessary in the model. Com-
pared with the mixed logit model with respect to hetero-
geneity, the NL model is more consistent with the data in
this study.

The survey results demonstrate that when making trav-
el decisions, tourists are used to determining trip chain
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on travel mode choice and bus route preference. The re- Tab.3 Description of explanatory variables
sults show no significant correlation between the attributes Category Variable name Variable content Pef;em/
of different scenic spot types and the focus of this study. ool 4901
. . . . e . . . ocal .
Therefore, tourism trip chains are classified into five cate- Tourist source Foreign 50.9
gories according to the number and types of scenic spots. Male 182
The statistical description of explanatory variables is Gender Female 51.8
shown in Tab. 3. Rural tourism is more attractive to <13 1.3
young people aged 18-30, and most respondents have A 1830 69.8
.. . . €
driving licenses and cars. More than 70% of the tourists Sociod & 30-50 25.5
. . . . 0cl1odemo-
travel in groups of 2-4 without children, and their travel eraphic >50 2.9
distance is mainly 5-30 km. Although most tourists Vvisit i ributes <5 000 8.5
multiple scenic spots in a day, the utilization of cars re- Monthly household 5 000-10 000 31.4
duces the number of transfers effectively. Statistics show income/yuan 103%08000 000 5; j
. > .
that 37% of the respondents do not experience transfers,
. Driving license Yes 76.7
and over 80% of the tourists transfer less than three
) ) ) holder No 23.3
times. For bus travel intention, more than half of the re- Yes 7.3
spondents can accept a single 1-h bus ride. The average Car ownership No 245
longest acceptable waiting time for transfer is slightly less 1 17.6
than that of ordinary waiting, but they are both concen- Tourism scale/ 24 72.3
. . . . €rson
trated in the 5-10 min range. Moreover, an increase in P =5 10.1
walking distance decreases tourists’ willingness to choose Number of 0 75.2
umoer o
buses. When walking distance exceeds 1 km, about 70% children 1 17.9
of the respondents will turn to other travel modes. =2 6.9
1 35.8
3 Methodology 2 32.3
Rural tourism Travel days 3 21.4
3.1 Model structure
travel =4 10.5
This study utilized the NL model to explore the rela- ~ characteristics 0 37.0
tionship between trip chain, travel mode choice, and bus Number of 1 24.4
route preferences in rural tourism. The NL model is a transfers 2 208
. . =3 17.8
common method used to study travel behavior, analyzing
. . . . .. <5 11.4
the interaction mechanism between different decision- 5<10 30.2
making stages effectively. Essentially, the NL model is Travel distance/km 1030 30.0
an MNL model with a nested structure. Considering the 30-50 15.5
correlation between choice branches, each level of the NL >50 12.9
model is composed of relevant branches. Based on ran- Maximum <30 32.9
dom utility theory and the conditional choice assumption, acceptable bus 3060 58.8
the upper level constrains the lower level, and the lower ride time/min >60 8.3
level influences the upper level in the form of logsum var- Maximum <3 14.7
iables. Completed by the upper and lower variables, the acceptable >-10 >8.2
o p y pp > transfer waiting ~ 10-15 23.5
calibration process of the NL model starts from the bot- time,/min 515 36
6
0
5
9
9
6
0
4
1

Bus travel
intention

Route choice

Minimum time cost
Minimum transfers

32.
35.

preference Minimum economic cost 11.
Best service quality 20.
Maxi <5 7.
( ax“:‘;l;l 5-10 4.
acceplable 10-15 3.
bus waiting
time/mi 1520 11.
ime/min
>20 6.
. <500 17.3
Maximum
500-1 000 51.7
acceptable
i 1 000-1 500 17.6
walkin,
e g/ 1 500-2 000 7.6
1Stan m
sanee >2 000 5.8
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patterns first, including the number and type of scenic
spots they plan to visit. According to the given set of sce-
nic spots they plan to visit, tourists will choose the domi-
nant mode that meets their requirements from the availa-
ble travel modes and supplement it with other connection
modes. Specifically, only dominant travel modes are
considered in this study. After deciding the destinations
and travel mode, tourists will consider comprehensive
utility and choose the appropriate travel route from the set
of all possible routes. As tourists using different travel
modes will show different preferences for bus routes,
conducting relevant research is beneficial to improve the
operation and service of the tourist bus system. There-
fore, this study proposes a nesting structure with trip
chain pattern as the top level, travel mode choice as the
middle level, and bus route preference as the third level.
Accordingly, the model choice set consists of three sub-
sets. First is trip chain subset C, including HFH, HOH,
HFFH, HFOH, and HOOH. Alternatives in the travel
mode subset M are bus, metro, taxi, and private cars.
For the bus route preference subset R, there are MTC,
HTC, MEC, and BSQ.

3.2 Utility function

The utility obtained by tourist n selecting alternative i
from choice set J is defined as U,,. Under random utility
theory, the condition for tourist n to choose alternative i
from Jis U, > U, i#j,jel, indicating that each tourist
will adopt the most effective alternative from the choice
set' ™

Utility U, is often divided into a systematic component
and a random component. Assuming a linear relationship

between the two components, U, can be described as
Uni = Vm' + gni (1)

where V . and ¢

ponent and random component in the utility function of
alternative i for tourist n.

The systemic utility function has many expressions.
This study applied the most commonly used linear rela-

tionship to represent the utility function V,

ni?

respectively denote the systematic com-

ni

namely

L
Vi=o + ZBi/xm't (2)
=1

where q; is the constant term for alternative i; x, repre-
sents the [-th variable of alternative i for tourist n; and 3,
refers to an unknown parameter. According to Tab. 3, the
systematic utility function for each alternative is a linear
combination of sociodemographic attributes, tourism trav-
el characteristics, and bus travel intention.

3.3 Choice probability

According to the complexity of decision-making, the
NL model divides the travel behavior decision-making al-

ternatives into multiple nests. The lower nests are con-
strained by the conditional probability of the upper, and
one variable of the upper level is the logsum of the lower.
Assume that g, follows a type [ extreme value ( or
Gumbel) distribution. Based on the generalized extra val-
ue (GEV) theory, the joint probability of rural tourist’s
individual choice can be expressed as

P,=P,(c)P,(m|c)P,(r|m) (3)

where P (c) is the marginal probability of trip chain c;
P (m | c) expresses the conditional probability of travel
mode m being chosen under the given trip chain ¢; and
P,(r|m) is the conditional probability of bus route pref-
erence r being chosen under the given travel mode m.
The marginal and conditional probabilities are represented

as
( Vnr)
exp| —~
Mo
P,(rlm) = (4)
oul
i=1 /‘Lm
exp( Vnm + /"LmLm)
M('
Pn(m‘c) =M (5)
z exp( Vi /"LJL/)
i=1 M.
exp( V)l[,‘ + Ml,‘Ll,‘)
P.(c) = — (6)
z exp(V, +uLy)
i=1
where V,, V ., V_ respectively show the systematic

components of bus route preference r, travel mode choice
m, and trip chain ¢; u, and yu, are the scale parameters
associated with the nests of travel mode m and trip chain
c. Located in the interval (0, 1), w reflects the degree of
independence among random components of utility for
different alternatives in a nest. Larger u implies greater
influence and weaker substitution between each level of
the model''"". Corresponding to scale parameters, L, and
L, represent logsum variables (or inclusive values) related
to the nests of travel mode m and trip chain ¢, which can
be specified as

L, = ln( iexp(:”")) (7)
L = ln( ﬁ exp(w)) (8)
i M

This study uses the maximum likelihood method to es-
timate the scale parameters and coefficients in the system-
atic utility function V.

the discrete choice model usually employs a likelihood ra-
tio test to verify whether the influence of independent var-

For parameter estimation results,

iables on dependent ones is significant. Another common-
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ly used indicator is the goodness of fit ratio p>, which can
reflect the fitting effect of the model on the original data.
p’ is equal to the ratio of the sum of regression squares in
the total sum of squares, that is, the percentage of varia-
bility of the dependent variable that can be explained by
the regression equation. The value of p* is between 0 and
1. The closer the value is to 1, the higher the accuracy of
the model.

4 Results and Discussion

Tabs. 4 to 6 respectively display the estimation results
of the three-level NL model. Most explanatory variables
are significant at the level of 95% or higher. In terms of
model accuracy, the initial log likelihood is -2 040.203,
and the converged log likelihood is —1 603. 133, indica-

ting that the impact of selected variables on the travel
behavior choice of rural tourists is significant. As the
goodness of fit ratio p’ is 0.705, the proposed model can
be considered to have a good fitting effect on the original
data.

4.1 Scale parameters

In Tab. 4 and Tab. 5, the scale parameters of logsum
variables are distributed between O and 1 and are most
significant at the level of 95% and 99% . This indicates
that the proposed NL model has a reasonable structure.
Generally, a larger scale parameter suggests a greater im-
pact of alternatives at the lower level than on the upper
and weaker substitution between the lower level alterna-
tives.

Tab.4 Model estimation results of trip chain choice level

Category Variable HFH HOH HFFH HFOH
Constant 5.76 " 3.571 3.601 5.296

Sociodemographic attributes Age 2.953 " 2.569 ** 3.147 %" 2.577""
Tourism scale -2.1838" -1.581 -1.772 -2.401*"
. o Travel days -1.812*** -1.182** —1.406**" -1.005*"
Rural tourism travel characteristics . .
Arrival mode 1.182* 0.802 1.483 " 1.349 **

Number of transfers -1.294 % -0.872 -1.283*" -0.982*

Scale parameters g Logsum 0.521** 0.262 " 0.791 """ 0.818 """

Notes: 1) In the calibration results of model parameters, HOOH is taken as base alternative of the trip chain choice level.

99% level; ** significance at 95% level; * significance at 90% level.

2) *** significance at

Tab.5 Model estimation results of travel mode choice level

Category Variable Bus Metro Taxi Private car
Constant -1.076 -2.584 -1.002 8.072 """
. . . Car ownership 0.18 0.315 -0.542 -2.219***
Sociodemographic attributes . o
Tourist source -1.257 0.005 1.104 —-2.583 """
Travel days -0.354 -0.482" 0.193 -0.363
Arrival mode 0.015 -0.436" -0.204 0.412"
Rural tourism travel characteristics Number of transfers 1.635"** 1.761 """ 1.018 *** -0.74 """
Travel distance -0.377 -0.365 -0.179 0.850 """
Number of children -0.959* -1.318"" -0.975""" -0.292
Scale parameters Logsum 0.398 " 0.653 " 0.430 " 0.926 """
Notes: 1) In the calibration results of model parameters, others are taken as base alternatives of the travel mode choice level. 2) “** significance

at 9% level, significance at 95% level;

For logsum variables at the first level, the estimated
scale parameters of HFOH and HFFH are the largest, il-
lustrating that travel mode alternatives are significant un-
der the condition of complex chains. In addition, changes
in the utility of a travel mode under these trip chain nests
may dramatically influence the probability of the trip
chain being chosen. Furthermore, Tab.4 shows that tour-
ists prefer to select complex trip chains with featured sce-
nic spots in rural travel. This may be attributed to the
poor public transport accessibility of scenic spots and
sound road infrastructure in the rural area of Nanjing. In
multi-destination travel, tourists have higher requirements
for transfers between travel modes and are more willing to
travel by car. Finally, the scale parameter of trip chain

significance at 90% level.

HOH is 0.262, ranging from O and 1 at the 90% level.
In this case, the increase in car travel utility will result in
the transfer of tourists to buses.

Bus route preference can indirectly reflect the travel
mode choice tendency of tourists. Tab.5 shows that the
estimated scale parameter for private cars is the largest,
indicating a significant impact of bus route choice on pri-
vate cars. Moreover, tourists traveling by private car tend
to choose the same type of bus route. When the utility of
a bus route changes, great changes occur in travel mode
choice. As a less-used travel mode for rural tourism in
Nanjing, bus travel is not significantly affected by route
choice preference, and there is strong substitutability be-
tween different routes.
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4.2 Influencing factors

4.2.1 Trip chain choice

Results show that the trip chain choice of rural tourists
is positively affected by age and arrival mode, whereas
tourism scale, travel days, and the number of transfers
have negative coefficients. At the level of 95% or high-
er, age and travel days are significant for each alterna-
tive. Older tourists with fewer transfers are more likely to
travel in HFH and HFFH. For trip chains containing fea-
tured scenic spots, fewer trips and transfers will signifi-
cantly increase the probability of choice. Besides, tourists
who reach the rural area by car, public transport, or long-
distance bus are more inclined to visit featured scenic
spots. This is because most of these tourists live nearby
or travel in groups and are familiar with rural tourism re-
sources. On comparing the constant terms, when other
variables are the same, tourists are more likely to travel
in HFH and HFOH.

As the trip chain type with the largest proportion in
county tourism, HFOH is composed of featured and non-
featured scenic spots, having some similarities with other
travel chains of the single scenic spot type in the variable
mechanism. For instance, the probability of HOH and
HFOH being chosen is similar for tourists of the same
age, with other variables unchanged, suggesting that
whether or not to visit the featured scenic spots has little
impact on tourists’ travel plans with respect to non-fea-
tured scenic spots. When adopting the same external trav-
el mode to arrive at the tourist city, the probability of
choosing HFFH and HFOH would increase. This may be
because the daily itinerary of non-local tourists would be
more compact. They fully intend to visit local featured
scenic spots, accompanied by certain leisure and enter-
tainment activities. As HFOH has similar characteristics
to other trip chains, optimization measures for one of
them may have the same effect on the choice probability
of the other.

4.2.2 Travel mode choice

As shown in Tab. 5, the impact of travel days and arri-

val mode on the choice of the metro is negative and sig-
nificant at the level of 90%, indicating that the metro is
more suitable for foreign tourists who have fewer travel
days and reach the rural area by high-speed rail and
plane. The number of transfers have a significant impact
and positive coefficients on all alternatives of travel
modes except that of a private car. It can be inferred that
when tourists choose public transport or taxis, they expe-
rience more transfers. Travel distance is only positive for
private cars and significant at the level of 99% . In other
words, the preferred mode for long-distance rural tourism
travel is self-driving. The choice probabilities of the other
three modes are significantly negatively affected by the
number of children traveling together. With other varia-
bles unchanged, the probability of selecting the metro de-
creases by 0. 27 times for each unit increase in the number
of children. As taking children on public transport or by
taxi is inconvenient, parents prefer to drive their children
to rural areas. Among all travel mode choice alternatives,
the private car has the largest and most significant con-
stant term. When the influencing factors remain the
same, the probability of rural tourists traveling by private
car is much higher than other travel modes. To encourage
more tourists to choose buses in rural areas, bus route
preference and its influencing factors are discussed in the
following section.
4.2.3 Bus route preference

In terms of sociodemographic attributes, foreign tourists
are likely to choose any type of bus route (see Tab. 6).
Women prefer routes with minimum transfers. As family
income increases, tourists pay less attention to time and
economic costs, with bus service quality becoming the fo-
When rural tourists pursue efficiency in tourism,
they usually do not bring children with them. Tourists se-

cus.

lecting routes with minimum transfers can accept a longer
bus waiting time, but their tolerance of transfer waiting
time is poor. If choosing a route with a minimum eco-
nomic cost, the tourist may allow more time cost, trans-
fer waiting time, and walking distance. Keeping other
explanatory variables the same, a route with the minimum

Tab.6 Model estimation results of bus route preference level

MTC HTC MEC
Constant 1.885 -2.073* -6.053 """
Sociod ni Tourist source 0.867 ** 0.659 " 1.657 """
oclodemographic Gender ~0.508 0.563" 0.004
attributes
Household income -0.391*" -0.084 -0.504 %"
Rural tourism travel . .
. Number of children -1.052*** 0.044 -0.201
characteristics
Maximum acceptable bus ride time 0.367 -0.013 1.152*
. . Maximum acceptable bus waiting time 0.025 0.405 " 0.344
Bus travel intention . . . s
Maximum acceptable transfer waiting time 0.006 -1.229 " 1.075""
Maximum acceptable walking distance -0.063 0.002 0.536""

Notes: 1) In the calibration results of model parameters, BSQ is taken as base alternatives of the bus route preference level. 2) *** Significance at

99% level; ** significance at 95% level; * significance at 90% level.



Tourist travel behavior in rural areas considering bus route preferences 59

time cost has the largest constant term and is most likely
to be chosen.

4.3 Policy implications

Tab. 2 shows that the bus is not widely used in rural
tourism travel; tourists choosing the bus are generally
limited to HFOH. In contrast,
among rural tourists and corresponds to diversified trip
chain choices. This difference may be for two reasons.
First, the increase in driving licenses and car ownership
has created ideal conditions for self-driving. For long-dis-
tance travel in rural areas, tourists usually prefer fewer
transfers and simpler trip chains. Therefore, the car is a
better choice than the bus. Second, rural scenic spots are
geographically scattered and have poor bus accessibility,
especially featured ones such as farmhouse resorts. This
makes it less possible for tourists to travel by bus when

self-driving is popular

the trip chain is determined. Based on the model results
and questionnaire, this study proposes the following
measures to improve private car travel management, bus
operation efficiency, and service quality in rural tourism.

For large cities with rapid social and economic develop-
ment similar to Nanjing, an important issue of rural
tourism is traffic congestion and environmental pollution
caused by large-scale car travel on holidays. To manage
private car travel, traffic control by time and section
should be first implemented in rural areas with high traffic
pressure. When roads around the scenic spot are saturat-
ed, tourists should be transferred to roads with lower traf-
fic volumes or park their cars at a distance. The second
measure is to encourage local tourists to visit the rural ar-
ea during non-holidays. Model results indicate that tour-
ists from the city are more likely to travel by car. To alle-
viate traffic congestion on holidays, preferential policies
for tickets and transportation can be provided during off-
peak periods. A parking charge policy is another impor-
tant means of controlling car travel. By increasing park-
ing charges around scenic spots, some tourists will be
guided to park farther away, and the turnover rate of the
scenic spot parking lot will be reduced. Last but not
least, it is necessary to advocate for self-driving tourists
to travel by bus. One effective way is the preferential pol-
icy of parking before taking the bus. The results show
that 90% of self-driving tourists are willing to park and
transfer to a bus if they obtain free parking or a preferen-
tial ticket price. Attracting more self-driving tourists to
choose buses is a challenge for bus services; therefore,
further improvement in bus operation efficiency and serv-
ice quality is required.

According to Tab. 5, tourists from other cities or with
economic constraints are likely to travel by bus. Com-
pared with the number of transfers and travel costs,
women pay more attention to travel time and service qual-
ity. Moreover, tourists with children are most sensitive to

travel time and cost. For the above special groups, per-
sonalized bus policies need to be formulated. Therefore,
this study proposes bus operation requirements based on
public acceptability. First, the single bus ride time should
not exceed 60 min, and the departure frequency should be
controlled within 15 min, with an optimal frequency of 5-
10 min. In terms of accessibility, it is recommended to
control the walking distance to within 1 500 m, set popu-
lar scenic spots in the same bus route, and improve trans-
fer convenience between different travel modes. Further-
more, respondents put forward the following suggestions
to improve the rural tourist bus service.

When designing the interiors of the bus, the number of
seats should be increased to ensure one for each passen-
ger. Seat comfort, compartment environment, and auxil-
iary facilities should also be improved. The setting of the
tourist bus route is required to minimize the number of
stops and beautify the surrounding scenery. In addition,
the bus information system should be developed to pro-
vide tourists with real-time and reliable travel informa-
tion.

This study is an initial step in analyzing the rural
tourism trip chain, travel mode choice, and bus route
preferences of tourist behavior in rural areas. The follow-
ing aspects need to be further studied. First, the consider-
ation of travel modes is not comprehensive. With the
continuous development of transportation systems, the
metro and online ride-hailing play increasingly important
roles in county tourism. Furthermore, the connection be-
tween modes within and outside the county impacts
tourists’ travel behavior. The above-mentioned modes can
be taken as future research directions. Second, this study
regarded trip chain choice as the first level and travel
mode choice as the second. It was not considered whether
the model effect would be better after structural priorities.
In future research, NL models with different structures
can be compared to explore the logical sequence of travel
decisions. Thirdly, tourists’ trip chains were simplified to
static in this study. However, tourists will adjust their
travel plans dynamically according to weather factors
(such as rainfall), traffic conditions, and mood. These
factors may influence tourists’ bus route choice prefer-
ence. Therefore, the dynamic impact of environmental
and psychological factors on rural tourism travel behavior
needs to be studied in the future.

5 Conclusions

1) Travel mode choice significantly affects tourists’
choice of complex chains containing featured scenic
spots, while bus route preference has a marked impact on
private car use.

2) The choice probability of all trip chains can be im-
proved with the increase in age and the decrease in travel
days. Smaller-scale trips and fewer transfers will make
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rural tourists more likely to choose trip chains containing
featured scenic spots.

3) Self-driving is the preferred mode for tourism travel
with longer distances and fewer transfers. When selecting
buses, tourists have more transfers and fewer children
traveling with them.

4) A longer bus waiting time is acceptable for tourists
sensitive to the number of transfers; however, they are
less tolerant of transfer waiting time. If economic cost is
emphasized, tourists tolerate more bus travel time, trans-
fer waiting time, and walking distance.

5) Policy implications from the perspective of private
car travel management, bus operational efficiency, and
service quality were proposed for counties like Lishui,
Nanjing.
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