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Abstract

In face of high-investment and low-revenue crisis, it is critical for new-born car-sharing com-

panies to focus on niche market. Existing literatures have already discussed the niche mar-

ket of car sharing based on people’s irregular travel demands and scenarios; however,

current research findings are still lack of adequate travel data support. Aiming to solve this

problem, we develop a travel scenarios mining method that first define land usage types of

travel Origin-Destination (OD) locations using spatial clustering analysis of city’s Points of

interests (POI) data, and then discover the most representative travel scenarios using asso-

ciation rules mining method with car-sharing records data. Applying this approach to the

car-sharing service case in Beijing, China, we find that: day-time business trips and evening

entertainment trips around the city centre, commuting trips in off-peak time, and short-dis-

tance city travel for tourism are three travel scenarios suitable for car sharing’s niche in the

initial stage of market entering. Furthermore, spatio-temporal consumption profiles and

competitive advantages of car sharing in the three travel scenarios are analyzed. Finally,

theoretical and managerial implications are discussed. In this study, we address the ques-

tion of finding niche market and suggest that it is critical for car sharing industry treading

through the crisis in the early stage of development.

Background

Car sharing (timeshare rental cars) system offers an alternative to car ownership [1]. Using the

mobile application, customers are able to find a car, pay the rent fee, and verify if the car

reaches the parking place. After the end of the lease, customers can park the car at any place of

the service region in the city to enable another user nearby to use it.

Sharing can improve car usage and reduce parking cost [2, 3]. Moreover, most car-sharing

systems provide services with electric car fleet [4–9]. Therefore, such system can alleviate

urban problems such as excessive vehicle ownership [10–12], limited parking space [13], and

environmental degradation [13, 14]. Attractive rental economics can facilitate electric vehicle

penetration, thereby reducing petroleum consumption and emissions [5, 15–20]. Electric car-

sharing system (ECSS) has gained popularity worldwide. For instance, Autolib operates a 2500

car fleet in Paris; Car2go owns a fleet of nearly 14,000 vehicles in North America, Europe, and

Asia [21]; Evcard operates a more than 50000 car fleet in 65 cities of China. Car sharing offers

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0260605 December 9, 2021 1 / 22

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Xu Y, Ji X, Jin Z (2021) What travel

scenarios are the opportunities of car sharing?

PLoS ONE 16(12): e0260605. https://doi.org/

10.1371/journal.pone.0260605

Editor: Jinjun Tang, Central South University,

CHINA

Received: April 14, 2021

Accepted: November 15, 2021

Published: December 9, 2021

Copyright: © 2021 Xu et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: The data of POI

underlying the results presented in the study are

available from two sources. For the 2018 POI data

used in this paper, the authors have already

uploaded it to the public repository (Xu, Yan

(2021), city’s points of interests (POI) data for land

usage types clustering, Dryad, Dataset, https://doi.

org/10.5061/dryad.37pvmcvkt). Alternatively, in

order to obtain the more recent 2021 POI data, it

can be accessed through Baidu Map here: http://

www.poi86.com/poi/baidu/city/110100.html. The

car-sharing data are third-party data obtained from

a private car-sharing company and cannot be made

publicly available due to the data sharing

https://orcid.org/0000-0003-0590-2102
https://orcid.org/0000-0001-6258-4337
https://doi.org/10.1371/journal.pone.0260605
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260605&domain=pdf&date_stamp=2021-12-09
https://doi.org/10.1371/journal.pone.0260605
https://doi.org/10.1371/journal.pone.0260605
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5061/dryad.37pvmcvkt
https://doi.org/10.5061/dryad.37pvmcvkt
http://www.poi86.com/poi/baidu/city/110100.html
http://www.poi86.com/poi/baidu/city/110100.html


an alternative to match highly dispersed travel demand and enhance travel experience in some

scenarios [13, 22].

Despite these advantages, the new business faces severe challenges [9, 14, 23]. Car-sharing

platform with more rental sites and larger car fleet can offer more user flexibility; however, this

would require greater investment. Car-sharing companies have been struggling to balance

usage and profit rates. For instance, Car2go, the largest car-sharing platform in North Amer-

ica, announced that it would shut down service in San Diego in the end of 2016. Because it was

unable to attract more city residents, leaving the programme unprofitable [24]. Autolib closed

its business in July 2018. The company had the largest car-sharing scheme in Europe, owning

2,500 operational vehicles and over 150,000 subscribers. Furthermore, its cars had run a cumu-

lative mileage of over 30,000,000 km [25]. Industry advocates’ ideal of ‘user can rent a car

wherever he needs; sharing can replace buying’ will cost huge resources [4–6]. Even the mon-

archs of automobile industry such as BMW and Benz, cannot afford such ceaseless, huge

expending of car-sharing service system. Car-sharing companies in China such as UUshare,

Leshare, Ezzy, Car2go (Chongqing, China), and Togo closed their business in a short time

owing to low utilisation and high investment problems. Fig 1 depicts the development process

of Togo, a car-sharing company in China. Togo gained 6 rounds financing and over 70 million

dollars in 3 years. With this money, Togo’s car-sharing business expanded to seven cities., But

Togo closed its business in only 2 months after getting the B2 round financing due to inade-

quate profitability.

In book of Competitive Strategy, Michael Porter described ‘focus strategy’ [26]. When com-

panies are unable to service the whole market, they can focus on a specific market segment or

niche. A niche market is usually not large, but can be well served by company with limited

resources. Accordingly, focus strategy can efficiently help car-sharing company tread through

the high-cost and low-return crisis in the early stage. ‘Niche’ also means being advantageous in

Fig 1. Financing and expansion process of Togo in China (data source: Network data collection).

https://doi.org/10.1371/journal.pone.0260605.g001
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some market segments. Niche strategy would help car-sharing companies build a valuable

image in the city transit market. Therefore, determining a niche market for car sharing is

worth studying.

Because of its sharing attribute, niche market of car sharing could probably be drawn from

special travel scenarios rather than special people groups. In the work ‘When is ours better

than mine’, Lamberton and Rose believed that common people have two travel patterns: com-

muter/regular travel, with high demand and travel during workdays, and irregular travel, with

low demand and occasional travel, such as meeting friends, travel in leisure time, and so on

[27]. Considering the predictability and high frequency of usage, people prefer private trans-

port for personal or individual use, such as private car, for the first pattern. For the second pat-

tern, sharing rides is economical owing to the low demand for travel. Commercial sharing

systems help combine infrequent consumption demands and supply centrally, thereby making

it economical and profitable [28].

Although it is critical for car-sharing industry to work out the potential relationship

between niche markets and travel scenarios, few studies have verified travel scenarios with real

car sharing records. To be more exact, figuring out the best travel scenario under which car

sharing is more beneficial than other transport pattern to meet people’s occasional travel

demands is still a problem remaining to be solved. Accordingly, this paper develop a car shar-

ing travel scenarios mining method with city’s POI data and car sharing records data. We

imply this method in a case of car sharing program in Beijing, China. And further examine

spatial-temporal characteristics and economic benefits of car sharing in the mined travel sce-

narios. These special travel scenarios should be determined as the niche market for the car-

sharing service to help it tread through the crisis in the early stage of development.

Literature review

Typical user group and travel distance of car sharing

Sefage, the first car-sharing project, was introduced in Zurich, Switzerland in 1948. This proj-

ect explores timesharing mode to meet people’s travel needs while avoiding the burden of

owning a car. The concept of timeshare travel has gradually emerged in Switzerland; accord-

ingly, Cooperative ATG and ShareCom, two large car-sharing organizations, were formed in

the 1980s. The timesharing mode expanded in Europe and was introduced to the United

States, Canada, China, and other countries in the 1990s.

Numerous studies have identified the typical user group of car sharing. Millard-Ball et al.

determined that most users are aged 30 to 40 years and possess a higher education level [29].

Burkhardt et al. claimed that users are aged between 25 and 35 years, family size is 2.02, more

than half of user’s annual income is above 60000$, and 72% users do not own a private car

[30]. In their research in Seoul, Kim et al. claimed that major users are males aged between 20

and 30 years, own a car, are single, and belong to the white-collar group [31]. Hui et al. ana-

lyzed the information about registered members of Hangzhou and determined that 86% of

users are males, 67% of users own cars, and 53.3% of them have more than a year of driving

experience [32].

Moreover, some studies have discussed a suitable travel distance for car-sharing services.

Hui et al. analyzed trade records and determined that travel distance is mainly concentrated

around 30 to 50 km, indicating that under this travel range, the cost of taxi is much higher

than that of car sharing [33]. Litman believed that car sharing may benefit people who travel

less than 10,000 km a year [34]. Shaheen and Cohen believed that car-sharing users are motor-

ists who drive 10000 to 16000 km per year [4].
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However, several contradictions exist concerning user group and travel distance. Because

car-sharing orders are based on users’ occasional travel demands, which makes it difficult to

identify frequent customers. These contradictions can support our hypothesis that niche mar-

ket for car sharing does not depend on user groups but travel scenarios.

Travel scenarios in car sharing studies

Lamberton and rose believed and gave evidences that people with infrequent and irregular

travel behaviour prefer car sharing than owning [27]. Kim et al. believed that car sharing can

be used for occasional travel around the city centre. Because city center is short of parking,

commuters usually go there by public transport [31]. When they are occasionally in emer-

gency, driving car sharing can greatly saves their time. At the meantime, Kim et al. believed

that car sharing is better for non-commuting trips such as going for entertainment after work

[31]. Hui et al. considered the price advantage of sharing cars versus taxis and deduced that car

sharing can be used for long-distance travel to multiple destinations [33]. Ciari et al. found

that car sharing site near the residence has a greater impact on the users’ willingness than car

sharing site near the work place, which indicates that car sharing is mainly used for non-com-

mute activities such as shopping, meeting friends [35].

However, these studies on travel scenarios for car sharing were based on customer willing-

ness survey or qualitative analysis, and were not supported by travel data. Existing quantitive

studies based on travel data for car sharing only analyzed simple statistical features of travel

distance, travel hour, or users’ demographic attributes without an in-depth investigation of

travel scenarios. On that basis, our research further focusing on mining the travel scenarios

with real car sharing records.

Travel scenarios mining analyses

Many studies agreed that geographic information of the visited area, such as land use informa-

tion, will help identify the travel purpose and detect some special travel scenarios [36, 37]. For

example, Wang used point of interest (POI) data to define trip destinations and detect the rela-

tion between people’s mobile Internet usage behaviour and their preferred destinations [37].

Liu et al. used POI data and taxi origin and destination (OD) data to determine the function of

city region [38]. Wang et al. determined eight spatiotemporal patterns of taxi trajectory: morn-

ing rush, daytime, evening rush, and night patterns on weekdays and weekends separately

[39]. However, using geographic information to analyze car-sharing trajectory and travel pat-

terns is rare in existing literature.

Summary

Existing literatures provide important references for our research, suggesting that the target

market of car sharing emerges from non-commuting trips, which are probably some infre-

quent and irregular travel scenarios. However, most of the existing studies have discussed car

sharing travel scenarios by customer willingness survey or qualitative analysis methods. For

example, going for entertainment after work, shopping, meeting friends and so on. But none

of these scenarios was examined by real car sharing case. Meanwhile, many studies have used

mobile phone traces data and city’s POI data to analyze people travel flows or predict people’s

travel preference. We see the potential to explore car sharing travel scenarios with car sharing

traces and land usage data.

This study uses electric car sharing records data and city’s land usage data to identify the

representative travel scenarios for car sharing and provides positioning and target market

selection suggestions for car-sharing services. The rest of this paper is organized as follows.
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First, this study introduces data used. Next, the study explains the research method. Thereafter,

the results are presented. Finally, the paper presents conclusions, discusses the usefulness and

limitations of the research, and provides directions for future research.

Data

Car-sharing data

Our study analyses travel data of a car-sharing company in Beijing, China. This company was

founded in Dec. 2016, and its car-sharing app was launched in Nov. 2016. Its main shareholder

is the largest local motor manufacture, who are trying to explore the commercial sharing

model for future business and intents to promote electronic cars for motor manufactures.

The company provides free-floating electric car sharing service in Beijing which has the

largest population and with highest car ownership in China. Beijing has executed an exceed-

ingly strict traffic restriction since 2009 to ease traffic pressure. Private cars are divided into

five groups according to a car’s tail number, and each group is prohibited to travel within the

fifth ring road once a week. Electric cars do not count. Moreover, Beijing has executed another

car-purchasing limitation policy. Every month, the government releases 7,500 new car licenses

and randomly allocates them to applicants from a 2.8 million waiting pool. Thus, only a small

proportion of people with driving license can own a private car. These policies create a huge

gap of driving demands in Beijing and create opportunities for car-sharing company.

Data samples obtained were from 1 May 2017 to 30 May 2017, 6 months after the pro-

gramme started. During this one-month period, the car-sharing platform operated 103 car

fleets, and total records were 10560. Average records per vehicle per day is 3.41. The maximum

daily rental record of a vehicle was 7. Each car-sharing record contained eight variables: order

ID, lending time, returning time, rental fee, origin longitude, origin latitude, destination longi-

tude, and destination latitude. When a user visits several places during a trip, only the OD loca-

tions are recorded. Stop locations during the trip cannot be observed by the data records.

POI data

POI data is a pair of coordinates associated with the descriptions of the location, such as name,

telephone, and categories of business. All human activities spots in the city, regardless of size,

large places, like park, hospital, and university; small places, like convenience store, gas station,

and public toilets, have their POI records. The POI data used in our study were extracted from

Baidu Map Service 10.18.0. Baidu Map enables the registered developers to obtain a city’s POI

data from the application program interface. In Beijing, our target area, approximately 386000

POIs of 20 predefined categories can be obtained. We deleted eight categories of POIs records:

‘Car maintenance’, ‘Motorcycle maintenance’, ‘Car sales’, ‘Car service’, ‘Place name and

address’, ‘Road ancillary facilities’, ‘Transport service’, ‘Communal facilities: toilet and tele-

phone’. Because these records were related more to map navigation information rather than

location property information. We retained 12 categories of POIs records to define the area

function: ‘Restaurant’, ‘Tourism’, ‘Company’, ‘Shopping service’, ‘Finance and insurance’,

‘Education’, ‘Residence’, ‘Life and community service’, ‘Sports, leisure and entertainment facil-

ities’, ‘Health care service’, ‘Government and public service organization’, ‘Hotel’. For example,

a 1km2 city grid cell near campus city in the northwest corner of Beijing, the location coordi-

nate of the grid’s center is (116.25˚E, 40.24˚N). It contains 4024 spots of POI records. After

deleting spots belong to eight navigation categories. It leaves 826 spots, including 77 spots of

‘Restaurant’, 0 spot of ‘Tourism’, 13 spots of ‘Company’, 242 spots of ‘Shopping service’, 22

spots of ‘Finance and insurance’, 34 spots of ‘Education’, 97 spots of ‘Residence’, 107 spots of

‘Life and community service’, 25 spots of ‘Sports, leisure and entertainment facilities’, 42 spots
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of ‘Health care service’, 54 spots of ‘Government and public service organization’, and 113

spots of ‘Hotel’.

Methodology

In Fig 2, we present a flowchart of the proposed research method in this study. First, land

usage types of city’s grid cells are defined by hierarchical clustering method based on city’s

POI data. Dunn validity index is used to examine the optimal cluster number. Second, OD

locations of each car-sharing trip can be labelled by the land usage types. Third, typical travel

scenarios are extracted by analyzing association rules of these OD land usage type pairs, and

users’ travel preferences can be observed from rules appearing more frequently in car sharing

trip records. In the end, spatio-temporal patterns and competitive advantages of car sharing in

the typical travel scenarios are tested.

Land usage types of city’s grid cells

Land usage types of OD locations can determine travel demand in traditional models [40–43].

For example, if Origin (O) location is ‘residence’ and Destination (D) location is ‘catering or

shopping centre’, we can identify the trip as a going for entertainment travel. One solution is

to distinguish the OD locations types with geographical information of area land use [41, 44].

Fig 2. Flowchart of research method.

https://doi.org/10.1371/journal.pone.0260605.g002
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Many scholars have selected POI data as the best data resource, which contains more detailed

land usage information in the city [36, 45–47]. Therefore, the land usage information with POI

data was used to cluster city’s grid cells. Clustering results will serve as a label to describe the

place function of OD locations. Fig 3 presents the flowchart of the clustering method.

First, the city is divided by a virtual grid coordinate system [46, 48]. For a cell k2{1,2,. . .,K},

the number of each predefined category of POIs is calculated, named Pkj, where j2{1,2,. . .,J}
denotes a POI category (e.g., restaurant or workplace). The number of POIs of each category is

then ranked over all cells, and the percentile rank rkj is calculated as the percentages of cells

with lower number of POIs of category j than cell k has. Accordingly, each cell k can be

described as a vector of the percentile ranks of all the POI categories rk = (rk1,rk2,. . .,rkJ).
Second, assume that the similarity between the types of two grid cells can be reflected by the

correlation between vector rk and vector rk0, where k02{1,2,. . .,K}\{k}. Because correlation is

scale-invariant, it is better to standardize rk as r̂ k to represent the profile of a cell, whose ele-

ment is calculated as follows:

r̂ kj ¼
rkj � �rk
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

j2J
ðrkj � �rkÞ

2
r ð1Þ

where �rk denotes the mean of rk.
Third, Pearson-correlation-based distance metric can help calculate the distance dkk0

between these two vectors [49, 50], as in the following equation:

dkk0 ¼ 1 �
covðr̂k ; ^rk0 Þ

�

sðr̂k Þsð ^rk0 Þ
ð2Þ

where cov (r̂ k, r̂ k0 ) denotes the covariance of r̂ k and r̂ k0 ; s (r̂ k) denotes the standard deviation of

r̂ k; and s (r̂ k0) denotes the standard deviation of r̂ k0 .
Finally, the complete-linkage clustering method can help identify relatively more compact

clusters of approximately equal diameters [51, 52]. Thereafter, the clustering results of each

cell’s representative land usage are generated, named land type c.

Dunn validity index analysis

Consider that the land type c2 {1, 2, . . ., C} of each grid cell can be sensitively changed using

some clustering parameters. One of the most important parameters is the total number of clus-

ters. We used Dunn validity index (DVI) to select the optimal clustering number, C. DVI is an

evaluation index for clustering algorithm [53]. In the process of clustering, each cluster’s com-

pactness will be calculated using the DVI, defined as the ratio of the smallest distance between

observations in different clusters to the largest intra-cluster distance, as follows:

DVI ¼
min

0<m6¼n<K
f min
8r̂ k2Om ;8r̂ l2On

fjjr̂ k � r̂ ljjgg

max
0<m�K

max
8r̂ k;r̂ l2Om

fjjr̂ k � r̂ ljjg
ð3Þ

Where r̂ k and r̂l denote the standardized POI vectors of two different cells k and l in the city; m
and n denote different cluster groups. r̂ k 2 Ωm, r̂ l 2 Ωn mean the two cells are classified into

different cluster types, and r̂ k, r̂ l 2 Ωm mean the same cluster type.

Maximum DVI means the optimal clustering number, and the most distinctive clusters are

obtained. The distance used to calculate the DVI is the Pearson-correlation-based distance

defined previously.
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Association rule mining of OD land usage type pairs

Association rule mining is well-suited for discovering a particular travel behavior, since the

mined ‘if–then patterns’ represent high frequent trips, without knowing the specific features

Fig 3. Flowchart of the hierarchical clustering method (each grid cell size 1 km × 1 km, k!cell, j!POI category).

https://doi.org/10.1371/journal.pone.0260605.g003
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for travel behaviors (when to travel or utilization times per day). This approach was initially

used to analyze market basket data and was gradually applied in many areas. In recent years,

many scholars have used association rules to research travel behavior data. Lu proposed the

methodology to identify daily operational incidents in Shanghai Metro network [54]. Zhao

et al. developed a new association rule algorithm to analyze bus-bicycle transfer behavior using

metro and public bicycle data [55]. Guo et al. used the association rule to identify commuting

travel mode using Beijing Subway data [56]. No previous studies have examined car-sharing

travel behaviors using data mining.

Association rule mining can discover the interest linkage patterns, such as identifying peo-

ple in location A who are more likely to go to location B. In general, we can say that if A has a

great possibility (larger than a fix threshold) to move to B, then we get the rule, A!B. The clus-

ter types of OD locations are two-value dataset as shown in Table 1. Using association rule

mining, we can get support, confidence, and lift rates of each mode, like ci! cj, in more detail.

Support rate means how much historical data supports the rule, calculated as the joint proba-

bility of ci and cj. Among rows containing ci, and the equation is as follows:

Support ðci; cjÞ ¼ PðcicjÞ ¼
number ðcicjÞ

number ðAll SamplesÞ
ð4Þ

Confidence rate means how confident we are that the rule holds true. Confidence is the

conditional probability of cj given ci. It is calculated as follows:

Confidence ðci  cjÞ ¼ PðcijcjÞ ¼ PðcicjÞ=PðcjÞ ð5Þ

Lift rate is the ratio of confidence rate to support rate. If lift rate is < 1, then ci and cj are

negatively correlated and otherwise positively correlated. If it is equal to 1, then ci and cj are

not correlated.

Lift ðci  cjÞ ¼ PðcijcjÞ=PðciÞ ¼ Confidence ðci  cjÞ=PðciÞ ð6Þ

Results and discussions

Land usage types of city grid cells

This research choose Beijing new city center, which is mentioned in ‘2019 Beijing Urban Mas-

ter Plan for the next 20 year’, as target area. This area includes six districts: Dongcheng,

Table 1. Examples of OD cluster type data.

Record Item Cluster type of Origin (O) Cluster type of Destination (D)

1 c1 c2
2 c1 c3
3 c2 c4
4 c2 c1
5 c1 c3
6 c4 c5
7 c5 c1
8 c1 c5
9 c1 c3

10 c2 c6

https://doi.org/10.1371/journal.pone.0260605.t001
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Xicheng, Haidian, Chaoyang, Shijingshan, and Fengtai. Following the method of Wang et al.

[37], we divided the target area into 2841 grid cells of 1 km2.

Clustering method explained in section “Land usage types of city’s grid cells” is used to

define land usage types of city grid cells. For each parameter of clusters number, we got a vec-

tor of clustering results, and also a DVI index to value the effectiveness of this clustering. As

shown in Fig 4, the parameter of clusters number is chosen from 2 to 12. 12 is the number of

business categories of POI samples. DVI index climbs slowly to the top at 6 and 7, then sharply

falls to a lower level. That means the clusters are best distinguished by setting the clusters num-

ber as 6 or 7. The smaller number 6 is chosen for simplicity. Fig 5 shows clustering results of

this area.

Table 2 shows the profile of each cluster type, where typical cases are famous spots in this

type of cells. Fig 6 gives the radar chart of each cluster. In radar charts, point in each axis is cal-

culated as the average value of percentile rank rkj of all cells belonging to cluster k (see Section

“Land usage types of city’s grid cells” for the definition). A higher average value of rkj means the

POI category j is more influential. Thus, radar chart can indicate which POI categories are

Fig 4. DVI used to determine the number of clusters.

https://doi.org/10.1371/journal.pone.0260605.g004
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dominant in that cluster. The changeful shapes displayed by 6 radar charts mean that domi-

nant POI categories of each cluster are quite distinct from others. Based on them we give the

interpretation of each cluster type in the Description Column of Table 2.

Tourism, Company, Finance & Insurance, and Residence, the four POI categories play the

most important role in distinguishing the clusters. Clusters 1 and 3 represent areas with more

tourist spots, but Cluster 1 has much fewer companies. Because Cluster 1 includes areas in the

old town of Beijing, the place hosts famous historic sites and old residential communities.

Thus, the relative importance of company is lower in Cluster 1. Tourism is the highest in Clus-

ter 3, indicating that Cluster 3 predominantly includes tourist areas. Clusters 5 and 6 are com-

mercial areas with more workplaces and less tourism. Cluster 5 includes cells within the city

centre, and Cluster 6 includes cells outside the city centre. Most companies in Finance &

Insurance industry are rich and prefer to locate in the city centre. Thus, the average rkj of

Finance & Insurance is higher in Cluster 5 than that in Cluster 6. Cluster 2 is special in terms

of the relative importance of all POI categories. Cluster 2 represents natural ecological areas

with less human activities. The indices of all POI categories rank near 0.2; thus, the relative

importance of all POI categories remains same. The areas belonging to Cluster 4 seem more

Fig 5. Clustered grid cells of target area in the city.

https://doi.org/10.1371/journal.pone.0260605.g005

PLOS ONE What travel scenarios are the opportunities of car sharing?

PLOS ONE | https://doi.org/10.1371/journal.pone.0260605 December 9, 2021 11 / 22

https://doi.org/10.1371/journal.pone.0260605.g005
https://doi.org/10.1371/journal.pone.0260605


multifunctional. They are almost similar to the areas belonging to Cluster 6, except that Cluster

4 possesses a higher number of public services and lower number of hotels.

As a conclusion, six land usage cluster types are defined as 1) residential area in old town;

2) natural ecological areas with less human activities; 3) touristy spots, historic sites, and city

parks; 4) mix of public service and industrial areas inside the city; 5) commercial area inside

the city; 6) suburban commercial and residential areas.

Representative car-sharing travel scenarios

Using methods in Section “Association rule mining of OD land usage type pairs”, and setting

the threshold of support rate as 10%, setting confidence rate as 30%, seven most effective asso-

ciation rules are mined from OD land usage type pairs, as shown in Table 3.

Table 2. Profile of each city cluster type.

Cluster Description Typical cases

1 Residential area in old town, with complete property,

mainly inside the city, a few stay in centres of

suburban counties

• People’s Publishing House second working

area;

• Residential area of Tsinghua University;

• Lanxiyuan Community, Cangshang

Community and Xingang Community in

Shunyi District;

• Longtengyuan Community in Changping

District.

2 Natural ecological areas with less human activities,

include forest, water area of rivers and lakes, apron of

airport,

• Northern side of Fragrant;

• Wenyu river;

• Mangshan Hill;

• Wetland park of Yizhuang;

• Tonghui river;

• Beijing Capital International Airport.

3 Touristy spots, historic sites, and city parks • Purple Bamboo Park;

• Beijing Zoo park;

• Eight Great Temples of the Western Hills;

• Taoranting Park;

• Olympic Forest Park;

• Canal Cultural Plaza.

4 Mix of public service and industrial areas, inside the

city

• Harmonious Culture and Creative Industry

Park;

• Banbidian Cultural Industrial Park;

• Xiaohongmen International Corporate Culture

Park;

• Liangxiang Campus of Beijing Institute of

Technology.

5 Commercial area, mostly inside the third ring road of

the city

• Peking University Third Hospital

• Capital Library of China

• International Trade Building

• Shouhui Healthy Techno Park

6 Suburban commercial and residential areas, mostly

outside the third ring road of the city

• The Capital Steel Corporation’s old site/

Chinese animation game City

• Shahe University Town

• China International Exhibition Center (New

site)

• Fengtai Science and Technology Park

https://doi.org/10.1371/journal.pone.0260605.t002
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Travel purposes of the seven most effective association rules can be sorted into 3 situations.

First, trips between commercial places in city centre. The largest association rule 5!5 con-

stitutes 17% of the total car-sharing records. Considering that the travel range of 5!5 is com-

mercial areas of the city centre, we can figure out a part of demand of 5!5 is ‘day-time

business trips to multiple destinations’. According to previous interview done by our work

group, day-time business trips contribute 60% orders of ‘Yidu’ car-sharing company. Users in

this travel scenario need to stop at several destinations and take brochures, promotional prod-

ucts, gifts, and so on and thus prefer to rent a car without a driver for flexibility, convenience,

and privacy. We define “5!5” trips as “trips between commercial places in city centre”.

Second, trips going to or leaving from Cluster 5, including 6!5, the trip from ‘commercial

or residential place outside the city’ to ‘commercial place inside the city’; and 1!5, the trip

from ‘residential area in old town’ to ‘commercial place inside the city’. Considering both

Fig 6. Radar chart of each cluster.

https://doi.org/10.1371/journal.pone.0260605.g006

Table 3. Representative OD types of car-sharing travel.

OD types pairs Support rate (> 10%) Confidence rate (> 30%)

5!5 16.9% 30.5%

6!5 14.3% 34.7%

3!6 12.9% 31.2%

6!3 12.9% 31.2%

3!5 12.4% 30.1%

1!5 6.4% 38%

1!3 6.0% 35.2%

https://doi.org/10.1371/journal.pone.0260605.t003
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Cluster 6 and Cluster 3 contain large proportion of residential areas, and Cluster 5 are com-

mercial areas in city center, we define “go and leave Cluster 5” trips as “commuting trips”.

Third, trips going to or leaving from Cluster 3, including 3!5, the trip from ‘touristy spots,

historic sites, and city parks’ to ‘commercial place inside the city’; 1!3, trips from ‘residential

area in old town’ to ‘touristy spots, historic sites, and city parks’; 3!6 and 6!3, the round

trips from ‘commercial or residential place outside the city’ to touristy spots, historic sites, and

city parks’. These trip modes are typical and stand to reason because most public transport

lines are designed to link the city centre with tourist spots. People residing outside the city can-

not reach tourist spots without changing lines. Thus, driving sharing car between ‘residential

place outside the city’ and ‘tourist spot’ became a brilliant choice. We define “go and leave

Cluster 3” trips as “city short-distance tourism travels”.

Spatiotemporal profiles and competitive advantages of car sharing in

typical travel scenarios

Day-time business trips and evening entertainment trips in city centre. Fig 7 presents

the proportion of typical car-sharing travel scenarios in every 2 hours in a day, excluding dis-

patching and recharging time from 2:00–6:00. We can see the travel scenario of trips between

commercial places in city centre mostly happened in daytime and evening, from 10 am to 11

pm. As mentioned above, a large part of demand is “day-time business trips to multiple desti-

nations”. The other part of demand could be “travel for leisure and entertainment in the

evening”.

Commuting trips in off-peak time. The representative commuting travel scenarios are

trips from old town and suburban areas to city centre’s commercial areas. Fig 7 show commut-

ing trips occurred uniformly during the period from 10 am to 12 pm rather than morning-

evening rush hours. Remarkably, the distribution ratio of commuting trips happened even less

than other periods in the morning rush hours from 6 am to 10 am. In order to analyze this

Fig 7. Proportion of typical car-sharing travel scenarios in every 2h records for a day.

https://doi.org/10.1371/journal.pone.0260605.g007
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travel scenarios in depth, we calculate the commuting trips records in working days and in

weekends separately, and draw the proportion of records in every 2h for working day. As

shown in Fig 8a, commuting trips in weekends are much less than that in working days. It

makes sense that people don’t go to commercial areas in the weekends or holidays. And

because the records of commuting trips in weekends are scarce in our case, we only analyze

the temporal distribution of commuting trips in working day. As shown in Fig 8b, trips of

1!5 and 6!5, which are travel demands from old town and suburban residential areas to city

centre’s commercial areas, happens evenly throughout the day. Whereas trips of 5!1 and

5!6, which are travel demands from city centre’s commercial areas to old town and suburban

residential areas, have two consumption booms, one occurs in 2pm-4pm in the afternoon,

another occurs in 6pm-10pm in the evening. It is probably that the off-duty hours are less con-

centrated than start hours, and many people have some time to spare after works, so they can

order a timeshare rental car and go back home. These results don’t mean that car sharing has

become a useful communing tool. Instead of, car sharing can only use for communing trip

during off-peak time.

Fig 8. a Proportion of commuting trips in working days and weekends, b Commuting trips in every 2h records for

working day.

https://doi.org/10.1371/journal.pone.0260605.g008
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City short-distance tourism travels. Tourism travel scenarios constitute more than 1/3

of total car-sharing records. In Hainan Island, a popular seaside resort in China, ‘Xiao’er’ car-

sharing company places their cars in scenic spots, hotels, and transport hubs and supports

their users’ self-driving tour. ‘Yidu’ car-sharing company cooperates with Hanting hotel chains

in Beijing to provide travel vehicle for their business guest and tourist guest. In Fig 7 we can

observe city tourism travels have two demand peaks in a single day. Fig 9 shows the proportion

of records in four scenarios separately. In the temporal distribution of 5!3 and 6!3, around

8am-10am in the morning, a period avoiding the morning rush hours, there are large demands

for traveling to tourist spots; while in the temporal distribution of 5 3 and 6 3, in the after-

noon, a demand hump emerges for leaving tourist spots. These leaving demands start to show

in the midday and reach a peak before 6 pm. All these car-sharing records conform with city

short-distance tourism travel that citizens go out a little late in the morning, come back a little

early in the afternoon, and arrange their tourism travel to avoid the traffic rush hours.

Spatial features of typical travel scenarios. Fig 10 shows the spatial features of the three

representative travel scenarios trips in map. Travel scenarios of “Day-time business trips and

evening entertainment trips in city centre” and “Commuting trips in off-peak time” are both

related to Cluster 5, and are shown together in Fig 10a. Travel scenarios of “City short-distance

tourism travels” are shown in Fig 10b. Comparing traces in these two maps, it is obvious that

all travel scenarios trips have covered a large range of the city, even intrude into the regions

within 5th ring road and 6th ring road. Moreover, almost all trips have a long travel distance.

This may because user can drive the timeshared rental car by oneself, and enjoy better privacy

comparing with other sharing traffic mode, like taxi or ride-hailing. Then user prefer to go fur-

ther place when they chose this service.

The differences between travel scenarios trips in the two maps are that travel traces of trips

surrounding Cluster 5 scatter over the region inside 5th ring road; while travel traces of trips

surrounding Cluster 3 are less and clear, some travel trace with quite large OD flows. It is prob-

able that tourism travel demand happens analogously, so each route can gather large flows.

These travel trace can help car sharing to figure out some tourism route, since there are already

so many travel demands happened.

Competitive advantages of car sharing in typical travel scenarios. Table 4 shows the

records duration and rental fee of typical travel scenarios. By calculating all records belonging

to each travel scenario, we find ‘Short-distance city travels for tourism’, has the longest renting

time, around 4 h. The average renting time of ‘day-time business trips and evening

Fig 9. Temporal distribution of 4 representative tourism car-sharing travel scenarios.

https://doi.org/10.1371/journal.pone.0260605.g009
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Fig 10. a OD flow of trips surrounding Cluster 5, b OD flow of trips surrounding Cluster 3.

https://doi.org/10.1371/journal.pone.0260605.g010
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entertainment trips within the city centre’ is 2.6 h. The average renting time of ‘commuting

trips in off-peak time’ is 1.1 h.

Then we analyze the rental fee of the travel scenarios, and compare it with service charge of

taxi and traditional rental car. We find that the cost of car sharing is much lower than that of

other alternative modes and constitute only 20–40% cost of the latter, indicating that car shar-

ing is beneficial over other modes in travel scenarios obtained in our research.

Conclusions and recommendations

By analyzing travel data from a car-sharing company in Beijing, this paper indicates that three

most representative travel scenarios of car-sharing service are ‘day-time business trips and

evening leisure and entertainment trips within the city centre’, ‘commuting trips in off-peak

time’ and ‘short-distance city travel for tourism’. Many of these observed relationships are

interpretable. For example, ‘short-distance city travel for tourism’ usually lasts half a day. Rent-

ing behaviours avoid the morning and evening rush hours of commuting. ‘Day-time business

trips and evening leisure and entertainment trips within the city centre’ usually lasts 2 to 3 h

and mostly happens inside the third ring road of the city. ‘Commuting trips in off-peak time’

happens rarely in weekends or holidays. If people chose to use timeshare rental car for com-

muting, they don’t use it in morning rush hour. Commuting trip during off-peak time usually

lasts around an hour.

As for the spatial feature of car sharing trips, people who choose timeshare rental car can

enjoy better privacy than other sharing traffic modes, which leads to longer travel distance for

all three travel scenarios trips. Moreover, in order to find the competitive advantages of car

sharing, we compare rental fee in the typical travel scenarios. We find car sharing has huge

advantageous in cost saving. The rental fee of car sharing only take 20–40% of other alterna-

tives sharing traffic modes in these travel scenarios.

Theoretical implications

In this paper, we proposed a data mining method of identifying car-sharing travel scenarios,

with the combination of travel data and land usage data. Based on these travel scenarios, we

can explore the purposes and spatiotemporal characters of car-sharing trips. Therefore, the

second theoretical implication of this paper is giving spatiotemporal consumption portraits of

car sharing. These consumption portraits can serve as more concrete interpretations of the

Table 4. Comparisons of rental fee between car sharing and alternative traffic.

Description of travel scenarios Record

duration

Rental fee Alternative traffic tool and fee Car-sharing fee /Alternative

traffic fee

Day-time business trips and evening entertainment trips within

the city centre

2.6 h 46.8 YUAN Taxi, 133.4 YUAN a 35.1%

Commuting trips in off-peak time 1.1 h 19.8 YUAN Traditional rental car, 107.3

YUAN b
18.5%

Short-distance city travel for tourism 4 h 73.8 YUAN
c

Traditional rental car, 198

YUAN

37.3%

Notes:
a According Beijing Taxi operation standard before 2018, if travel range within 3 km, charge 13 YUAN, if travel range larger than 3 km, the larger part will be charged

2.3 YUAN/km. An additional 20% fee will also be charged at nighttime, from 11 pm to 5 am. In 5–5, supposing drive 1.6 h, and take 1 h for customers visiting, and

driving speed is 40 km/h, so the taxi fee is 133.4 YUAN.
b Giving the daily rent fee of Chevrolet Cruz in Shenzhou car rental company for reference, the rental fee is 198 YUAN/day.
c Car sharing service of this case is charged as 0.3YUAN/min.

https://doi.org/10.1371/journal.pone.0260605.t004
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queries that ‘how do car-sharing companies run their business?’ and ‘what are car sharing’s

contribution to the whole city transport system?’ In the end, we prove that car sharing has

cost-saving advantage over other alternative transport modes in some special travel scenarios.

Car sharing is helpful, with superiorities of keeping customer privacy, offering better perfor-

mance in terms of price ratio, higher freedom, and greater convenience in the three represen-

tative travel scenarios. These findings can further prove the rationality and necessity of car

sharing.

Managerial implications

The managerial implications of our findings includes: firstly, our research help car sharing

companies to determine their position accurately based on user’s travel purposes, behaviors

characteristics and travel needs. For the car-sharing companies, the representative travel sce-

narios can be used to predict users’ travel trace, predict the lending or returning demand, and

then ameliorate the car-sharing companies’ operation management policies. In addition, these

travel scenarios can help the car-sharing companies to identify target customers and their driv-

ing behaviors, cultivate their loyalty by providing accurate services, and tread through the

high-investment and low-revenue crisis in the early stage. If a car-sharing companies can pro-

vide their services more appropriately, users will accept the new traffic mode more easily and

enjoy more benefits from car-sharing service. Because car sharing has the ability to satisfy

many fragmented and personalized travel demands in the city, a healthy car-sharing industry

can also help the sustainable development of city’s transport system.

Secondly, the spatial features of typical travel scenarios can help car sharing companies to

select better service modes. For the travel scenarios of ‘day-time business trips and evening lei-

sure and entertainment trips within the city centre’ and ‘commuting trips in off-peak time’,

their travel traces are scattered over the areas inside city’s 5th ring road. It is better to use area

coverage mode to serve randomly generated demand with free-floating cars. Whereas the

travel traces of ‘short-distance city travels for tourism’ have relatively fixed routes with large

OD flows, which are better to be served with fixed rental stations and vehicles.

Finally, the temporal distribution of each travel scenarios can help car sharing companies to

optimize their demand forecasting and vehicle scheduling policies. And our findings about

competitive advantages suggest that car sharing companies should further improve their pro-

motion policy in terms of cost-saving and privacy protecting.

Limitations

Although we conducted this research using quantitive method based on data extracted from

real comsumption situation, there still exist some problem which call for future improvements.

As for data quality, what we have obtained is only one-month travel records pertaining to the

car-sharing company’s operation, although it is the best available data we can get at present, it

is somehow limited for a comprehensive empirical study. Even so, these representative travel

scenarios found in this study are undoubtedly valuable business opportunities for companies

in the initial emerging markets. In addition, city features and landscapes would somehow posi-

tively affect the market volume depending on these representative travel scenarios, and the

operational material of our research came from car-sharing data in Beijing, a city which is not

only the political and economic centre of China but also the ancient cultural capital of six

dynasties, there are beautiful scenery and historic sites all over the city. All these characters

lead to numerous commuting demands, business visiting demands, and tourism demands.

Besides, we only study electric car-sharing system. Electric car-sharing service is different

from conventional fossil fuel-based car-sharing service due to the nature of charging
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requirement and mileage limitation of the vehicles. All the results of this paper might be used

to explain electric car-sharing usage behavior and help the operation of electric car-sharing

mode, but whether our conclusions are still workable for conventional car-sharing service is

still need for further empirical practice.

Despite these research limitations, the significant and interpretable travel scenarios found

in our research reveal the potentiality of using land usage data and car-sharing record data to

enhance the explanatory travel behaviour in future research. Moreover, the car-sharing busi-

ness analyzed in our research is free-floating mode, which can reflect customers’ free wills

more effectively. Free-floating car-sharing company who are planing to penetrating car-shar-

ing projects into the city or station-based company who have problems selecting the rental

sites in the city can adopt the suggestion given in this study.
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