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Abstract

:

In recent years, app-based third taxi service (ATTS) and free-floating bike sharing (FFBS) have become significant travel modes to satisfy travel demands of urban residents. In order to explore the mechanism of their modes selection, firstly, based on 595 valid samples, differences between ATTS and FFBS in original modes, travel distance, geographical position distribution, and travel emergency degree were compared. Then, a multinomial logistic model was established to investigate the factors influencing the choice among ATTS, FFBS, and traditional travel modes (TTM). The results show that: (1) FFBS attracts users whose original modes are walking, private bicycle and bus, while ATTS has a certain competition effect on cruising taxi and bus. (2) Residents are more likely to change from bus to FFBS on weekends, while this competitive relationship between ATTS and bus has no significant difference in different dates. (3) Compared with TTM, residents are more inclined to utilize shared modes to participate in flexible activities, especially in suburb. (4) Interestingly, ATTS is more likely to be utilized in emergency travel, and the residents without registered permanent residences tend to use FFBS and ATTS. Finally, some suggestions and policies were proposed for the government and enterprises to improve operation managements.
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1. Introduction


In recent years, with the rapid development of Internet technology and mobile payment, innovative transportation service models have appeared in China, such as app-based third taxi service (ATTS), free-floating bike sharing (FFBS), car sharing services, scooter sharing, and so on. Among them, ATTS, such as Didi, Uber, and Shenzhou special taxi, and FFBS, such as Mobike and hellobike, are relatively prevalent. As of 2017, the scales of ATTS, FFBS, and car sharing users are approximately 336 million, 400 million, and 8 million, respectively, in China [1,2,3]. This means that ATTS and FFBS have become significant components of urban transportation systems [4,5]. In addition, the Chinese government pays special attention to the development of FFBS and ATTS and it has continuously formulated and updated relevant policies to regulate the operation of such enterprises since 2016 [6,7]. Based on the above reasons, this study chooses the subjects of ATTS and FFBS to explore the shared travel behavior. In particular, the use processes of these two modes are as follows: As for ATTS, a customer could send his/her instantaneous travel request to nearby ATTS drivers through a taxi-hailing application. Once one of the drivers accepts the request, the customer will receive the information of this ATTS. Then this driver will be guided to the location of the customer via the Global Navigation Satellite System and pick up and deliver him/her to the destination [8]. As for FFBS, a customer could easily locate the locations of nearby bikes via a FFBS application and unlock a bike by scanning its QR code. After reaching the travel destination, the customer can simply lock the bike to a reasonable parking area [9]. Compared with traditional travel modes (TTM), ATTS and FFBS, which integrate information technology, have the following superiorities: (1) Customers can view the number of available vehicles or bicycles around and book them in advance through a mobile phone application, which effectively alleviates the difficulty of finding a taxi or a bicycle and solves the problem of overflowing unlicensed vehicles. (2) Mobile payment is convenient, coupons and discount cards would make travel costs more inexpensive. (3) The construction of urban infrastructures could be reduced, such as public bicycle rental stations and taxi stands [9,10]. (4) These two travel modes, as more sustainable modes of transportation, are shifting the traffic tools from private ownership to shared use, which can improve resource utilization and turnover rate [11,12]. However, when we enjoy the convenience of shared travel, a series of problems have also been triggered. First, many ATTS and FFBS enterprises compete in a disordered manner in order to occupy the market, and introduce vehicles and bikes substantially, especially in second-tier and above cities (most of them are provincial capitals and sub-provincial cities). They attract users in the forms of electronic coupons and discount cards, which results in a large deficit of many enterprises [13]. Second, the balance of the urban transportation structure is destroyed, and TTM, such as public bicycle, taxi, and conventional bus, suffer severe competition [14,15]. In addition, as important supplements to urban transportation systems, the travel characteristics and user demands are different among ATTS, FFBS, and TTM [14,16,17]. Therefore, the goal of this study is to explore the travel characteristics of shared travel modes and the factors affecting the choice of ATTS, FFBS, and TTM. In particular, this study addresses the following questions: (1) Is the adoption of ATTS, FFBS, and TTM consistent across different population? (2) What are the differences of the travel characteristics for users of ATTS and FFBS? (3) What factors influence the mode choices among ATTS, FFBS, and TTM? What are the similarities and differences in terms of the influence of each factor? The answers to these questions cannot only clarify their functions and locations, but also provide the basis for the integration and development of urban diversified transports and the renewal of transportation policies.



To address these questions, firstly, differences between ATTS and FFBS in original travel modes, travel distance, position distribution, and travel emergency degree are compared and analyzed, which can clarify their respective status and role. Then, a multinomial logistic (MNL) model is established to examine the factors influencing the modes choice among ATTS, FFBS, and TTM with considering variables such as original travel mode, registered permanent residence, and so on, which helps to understand the differences and similarities of the factors affecting their travel demands clearly. Finally, through the case study of Nanjing, relevant intervention strategies and suggestions can be proposed for the development of ATTS and FFBS and for the innovation of TTM.




2. Literature Review


ATTS and FFBS, as new travel modes which combine traditional modes with Internet technology, understanding their travel characteristics and user preferences are the basis for travel demand forecasting and vehicle/bike redistribution. In our literature review, we mainly concentrate on the research from two aspects: users’ travel characteristics and influential factors of ATTS and FFBS.



2.1. Travel Characteristic of Users


The analysis of travel characteristics of ATTS users was of great significance to understand the demand distribution and travel prediction in ATTS system. As for travel purpose and travel distance, Rayle et al. [14] reported that 67% of ridesourcing trips were for social and leisure, and 16% of those were for commuting, the average travel distance was 5.1 km. In the case of travel date and time, based on the order data of ATTS in Beijing, China, Wang [18] concluded that the travel demands on weekdays were slightly higher than those on weekends and the demand was the lowest on Saturday; the travel peaks appeared in the morning and evening, especially at night. In terms of the impact of ridesharing on vehicle kilometers traveled (VKT), Rodier et al. [19] suggested that relatively large vehicle miles traveled reductions were possible if the use levels of dynamic ridesharing were moderate and high. In addition, through a Monte Carlo simulation method, Tirachini and Gómez-Lobo [20] indicated that the average occupancy rate was a significant parameter in determining the impact on VKT, as the occupancy rate increases, the possibility that ridesharing reduces VKT is higher.



The analysis of travel characteristics of FFBS users played an important role in FFBS introduction and redistribution. For travel distance and travel duration, the riding distance was concentrated in 0.8~2.8 km (mean was 2.3 km), the riding duration was concentrated in 10~25 min (mean was 20 min) [21]. With regard to travel purpose and the time period of travel, FFBS was mainly used for commuting to work, attending school, shopping, and entertainment [5,22], and the travel peaks appeared at 7:00~9:00, 12:00~14:00, and 17:00~19:00 [5,21,22,23]. Regarding the travel position, Shen et al. [15] concluded that FFBS was primarily concentrated in the peripheral residential areas with high population density and access to the mass rapid transit by analyzing the GPS data of dockless bikes in Singapore. In addition, Li et al. [5] drew a thermodynamic chart of the distribution of FFBS in Nanjing by utilizing GPS data, and showed that the trip on weekends would be more active than that on weekdays around the university. Additionally, in the case of the impact of FFBS on the travel change of cyclists, Jia [24] reported that the proportion of cyclists increased from 21.9% to 30.9% in commuting travel and from 22.1% to 33.6% in non-commuting travel.




2.2. Influential Factors of ATTS and FFBS


Studying the influential factors of shared system was not only useful to evaluate service quality, but also helped to reduce operation costs and improve user experience and satisfaction. Among the influential factors of ATTS, short waiting time, the convenience and flexibility, the availability of public transport, and low travel cost were main reasons for promoting the usage of this service. For example, based on semi-structured research interviews and focus groups in Denmark, Nielsen et al. [25] identified that travel cost savings compared to private and public transport, great flexibility and the opportunity to socialize with other passengers were positively impact the usage of ATTS. Rayle et al. [14] showed short wait and travel times and the convenience make ridesourcing more appealing. Perboli et al. [26] showed that 62% of car-sharing members utilized the service when other public transport modes were not available, and the most attractive point of this service was the liberation from the burden of owning a car for both car-sharing members and potential members. Additionally, safety problems, individual privacy concerns and the remoteness of location had negative impacts on the use of ATTS. For example, Nielsen et al. [25] reported that the shortcomings of ATTS were the difficulty in finding rides, insecurity, and social awkwardness with strangers. Additionally, some scholars applied a technology acceptance model to investigate the factors affecting the use of ATTS application. For example, Liu [27] found that perceived usefulness mostly influenced the intentions and attitudes of users to utilize ATTS application, followed by perceived ease of use. Haba and Dastane [10] showed that performance expectancy and social influence positively influenced the use intension of customers, while effort expectancy had no influence.



Among the factors affecting the usage of FFBS, the previous literatures mainly considered bicycle infrastructure (available bikes and racks, bicycle path length), land use and built environment (residence density, the distance from bus facilities, the number of intersections), meteorological data (temperature, rain), and road traffic conditions (traffic congestion, travel safety). For example, Shen et al. [15] concluded that more available bicycles, higher private residential density, longer cycling paths, more accessible bike racks for parking, and the areas with more bus stations positively impacted on the use of FFBS. On the contrary, heavy rainfall and hot weather (above 31 °C) had negative influences. Based on the survey in Shanghai, Xin et al. [28] showed riding environment (the width and the connectivity of bicycle lanes), and laws and regulations (claim mechanism, punishment mechanism) were the major stumbling blocks for commuters in FFBS systems; riding safety (separation facilities, other non-motorized vehicle users’ manner), government intervention (constraint force over bicycle companies, punctuality of management policy notification), and staff service (efficiency of removing broken bicycles) were the major obstacles for non-commuters. In addition, travel attributes (trip time, distance) and travel perceptions (convenience in picking up and parking bikes, malfunction bicycles, travel costs, system service, laws and regulations) were equally important. For example, Du and Cheng [22] demonstrated that the evening peak was more significant than the morning peak in distinguishing patterns choice, and users of short-distance travel tended to select a travel cycle pattern than an origin to destination pattern. When the distance reached 4 km, there was a significant shift to a transfer pattern. Chen et al. [16] performed an investigation of the relationship between users and use frequency of FFBS and public bikes, the results showed that good bike quality and low travel cost were strengths for public bikes, while the freedom and flexibility were the attractive characteristics for FFBS. Li et al. [5] concluded a higher transportation cost, the convenience of picking up and returning a bike, and the contribution to health could promote the usage of FFBS, while limited regulations and malfunctioning bikes restricted the operation efficiency in the FFBS system.



As is evident from the above review, the existing literatures mainly considered the impacts of users’ travel characteristics, user perceptions, and external environment on the shared travel modes, and the number is still few. In addition, these literatures only concerned single ATTS or FFBS systems, or compared FFBS with public bicycles, or compared ATTS with cruising taxis. As the two new and shared travel modes combined with the Internet technology, there are also similarities and differences in travel behaviors and influential factors. Therefore, comparing the characteristics and factors affecting the use of ATTS and FFBS under the same environment is not only significant to enrich the existing research content of shared travel, but can also contribute to the coordination and development of these two systems.





3. Data


3.1. Survey Area


Nanjing, an important central city located in the eastern part of China, is a nationally comprehensive transportation hub. According to “Statistical communique of national economic and social development in Nanjing in 2017”, by the end of 2017, Nanjing had a permanent population of about 8.34 million and a GDP of 1.172 trillion Yuan (170.856 billion dollars) [29]. There were 1246 public bike stations, 705 bus lines, and 10 subway operation lines in the main urban area, the sharing rate of public transit in motorized transportation reached 59%. In addition, the development of bicycle and taxi in Nanjing are far ahead of other cities. As for the operation of bicycles, as of 2017, nearly 40,000 public bicycles and about 450,000 FFBSs were put into the market [30]. With respect to the taxis, as of 2017, about 14,000 cruising taxis and 28,000 ATTSs were put into operation [31]. These factors are of importance for providing new evidence and a profound understanding on shared travel behavior in mainland China. Therefore, Nanjing was selected as a case study city for this research.




3.2. Data Source


The survey was conducted in Nanjing, China, by graduate students at School of Transportation, Southeast University. The period was lasted from 14 May 2018 to 20 May 2018. For the survey location, the face-to-face survey was mainly conducted in some major residential areas, commercial areas, metro and bus stations, schools, parks, and supermarkets; the online survey were conducted by social software, a way that has been utilized by many researches [5,16,17,22,32,33]. In order to ensure the quality of investigation, IP address was restricted to Nanjing and one IP address could complete only once, the answer time was set to at least five minutes in the survey software. In addition, the terminologies in questions were described in detail to assist respondents in understanding the relevant contents better. After completing the questions, the respondents would receive some cash as rewards.



For the survey, firstly, the respondent answered whether he/she usually uses ATTS or FFBS, if he/she had not used these two travel modes, he/she could select one of the traditional travel modes (walk, private bicycle, public bicycle, electric bicycle, conventional bus, subway, private car, cruising taxi, and unlicensed vehicle) which he/she used frequently. Among them, unlicensed vehicles refer to those tricycles and motorcycles that compete with cruising taxis for passengers and illegally carry passengers on the road in urban areas. Then, as for the last travel in which he/she used the travel mode described in the first step, he/she filled in basic attributes information, travel information, and perception information.




	(1)

	
User basic attributes information included gender, age, educational level, occupation, monthly income, time spend on the Internet every day, whether you have a registered permanent residence, whether you have a driving license, whether you have a public bike IC-card, the number of private bicycles, electronic bicycles, and cars in the household. Among them, the registered permanent residence, which is also called “Hukou”, is a special population policy in China. It was introduced in the 1950s to control the movement of the rural population to the big cities. Residents with and without it are treated differently, for example, the migrant workers usually are not qualified to access to local basic services, such as medical care and education welfares [34]. In addition, each question presented specific options for respondents to choose.




	(2)

	
Travel information included original travel mode, travel purpose, travel duration, travel distance, travel frequency in a week, travel time, travel emergency degree, travel origin position, geographic location, and whether there is a transfer with buses or subways. Among them, the original travel mode meant that the traditional travel modes used by the respondents before ATTS and FFBS were introduced. It included motorized and non-motorized travel modes; motorized modes included conventional bus, subway, private car, taxi, and unlicensed vehicle, and non-motorized modes included walk, private bicycle, public bicycle, and electric bicycle. For each traditional travel mode (TTM), its original travel mode was itself. Then, the travel purpose included inflexible and flexible activities, and inflexible activities included attending school, commuting, and returning home. Flexible activities included business affairs, shopping, entertainment, exercise, and others. As for these two variables, in the survey, specific options were provided for respondents to choose. After the survey, we would classify them. In addition, travel duration and travel distance were continuous variables in the original survey. Finally, travel emergency degree represented the time constraint of the traveler for this travel; the greater the time constraint, the greater the value. Particularly, we set 10 levels (1–10) for respondents to choose. In order to reduce the perceived bias of different respondents, the values of travel emergency degree were explained as following: 1–2 represents that time is sufficient, 3–4 represents that time is relatively sufficient, 5–6 represents a generally sufficient amount of time, 7–8 represents that time is relatively tight, and 9–10 represents that time is very tight. The other questions presented specific options for respondents to choose.




	(3)

	
User preferences and perceptions information included convenient to travel, low travel cost, many coupons and discount cards, easy to pay, high security, high comfort, and high accessibility. Five levels (strongly agree, relatively agree, not sure, relatively disagree, strongly disagree) were offered for respondents to choose.









To test the reasonableness of sample information, in the survey, travel time and travel distance were investigated in form of continuous variables. If the difference between these two variables were too large, we would exclude this sample. More specifically, 15 km/h was utilized as a reference speed for FFBS since it was not designed for racing, and 60 km/h was used as a reference speed for ATTS [15]. If the travel speed (travel distance divided by travel time) was more than twice the reference, this sample would be excluded. In addition, the number of bicycles, cars, and whether respondents have a public bike IC-card can test the rationality of the information in traditional travel modes, for example, if the respondent selected private bicycle, and the answer of “the number of private bicycle in household” was “0”, it was clear that the information was doubtful, this sample would be excluded. Additionally, in order to study the influence of geographical location on the choice of travel modes, this paper divided the area in Nanjing into two categories: city center and suburb.



A total of 649 surveys were sent to respondents (online samples: 506; face-to-face samples: 143). After we excluded the samples with incomplete and unreasonable information, 595 valid samples were collected back (online samples: 461; face-to-face samples: 134) and the valid recovery rate was 91.68%. The sample comparison of two survey methods was shown in Table 1. As shown in the table, the proportions of male, adults and student groups in online survey were slightly higher than those in face-to-face survey, but the differences were within the reasonable range.




3.3. Respondent Attributes


The sample proportions of FFBS, ATTS, and TTM account for 26.22%, 22.18%, and 51.60%, respectively. Their basic attributes are shown in Table 2. As seen in the Table 2, the proportions of male and female are more balanced in FFBS, while the proportion in male (57.58%) is higher than that in female (42.42%) as for ATTS, perhaps women are more concerned about the personal safety, property security, and information security problems when riding ATTSs [2]. In terms of age and education level, younger users holding a bachelor’s degree or above is the main group who usually utilize ATTS and FFBS, which coincides with the finding of Li et al. in Nanjing and the result of Rayle et al. in San Francisco [5,14]. Perhaps this group is good at applying the network and dares to accept and try new things. As for occupation and income, most of the respondents are students and employees, accounting for 34.62% and 39.74% for FFBS, 29.55% and 44.70% for ATTS. The middle and low-income population accounts for a large proportion, while the high-income group accounts for only 4.49% and 8.33%; it is probably that the high-income group is more inclined to use private cars [35].





4. Characteristic Analysis


4.1. Original Travel Mode


The original travel modes of ATTS and FFBS are shown in Figure 1. As seen in the figure, as for FFBS, the customers are mainly from the users whose original mode was walking (39%), and perhaps FFBS can improve the accessibility in short-distance travel, especially for the connection in the last kilometer. Then, the original travel mode by private bicycle accounts for 15%; perhaps private bicycle is inconvenient for parking and easily stolen [36], while FFBS could be parked in any reasonable area, and GPS devices can track the location of the bike in real-time to prevent it being stolen [5]. Additionally, the original travel mode by public bike occupies only 7%, indicating that the operation of FFBS and public bikes do not show a strong competitive relationship. However, whether there is a cooperative relationship between them still needs further research. By comparison, as for ATTS, the customers are mainly from those users whose original mode is cruising taxi (26%). One explanation is that ATTS is similar to its function in the city. Another possible explanation is that, compared with taxis, ATTS usually have discount coupons, and customers can view the number of available vehicles around through a mobile phone application, which greatly reduces the travel costs, waiting time, and makes ATTS more appealing [14].



Interestingly, the customers of FFBS and ATTS both come from the users whose original mode is conventional bus, accounting for 14% and 25%, respectively. This implies that shared modes have certain competition effects on bus use. Perhaps the customers of FFBS which come from bus use are more short-distance travel users, and the characteristics of providing door-to-door services and high accessibility in ATTS are precisely what buses lack [14]. At the same time, both of FFBS and ATTS are less attractive to private car users. The explanation may be found in previous research that Chinese families who own private cars still have strong dependence on private cars in daily travel [32]. It suggests that more shared travel users come from the groups who lack private cars. In addition, a small proportion of passenger flow comes from unlicensed vehicles, which indicates that shared modes have a positive effect on standardizing and regulating the market to a certain extent.




4.2. Travel Distance Distribution


The distribution of travel distance for ATTS and FFBS is shown in Figure 2. The travel distance of FFBS is mainly concentrated in 1~5 km (80%); after 5 km, the travel ratio of users is gradually reduced due to the limitations of time and effort. This implies that FFBS is primarily utilized to solve the short-distance travel, which is similar with public bike sharing [37]. By comparison, as for ATTS, the travel distance concentrates in 5 km and above (88%), suggesting that ATTS is similar to cruising taxis, which are more suitable for medium-distance travel [38]. However, there is still a competitive relationship between FFBS and ATTS in the 3~7 km range (59% and 32%, respectively).




4.3. Position Distribution at Different Date


The differences of position distribution between FFBS and ATTS on weekdays and weekends are shown in Figure 3a,b. For FFBS, the demand on weekdays is mainly for commuting and attending school, while the demand on weekends is mainly for flexible travel, such as leisure and shopping. These show that the demand distributions of FFBS on weekdays and weekends are complementary, although residential areas are the main overlapping demand areas. By comparison, as for ATTS, the demand distributions on weekdays and weekends are relatively similar, and the demand is mainly located in residential areas, bus stations, schools, and other entertainment facilities. Further, a chi-square test was applied to validate whether there was a difference in the percentage distribution of the position in different dates. As expected, the results revealed a significant difference in FFBS (df = 7, p = 0.00), while there is an insignificant difference in ATTS (df = 7, p = 0.12). These are consistent with the results in Figure 3a,b. Therefore, in order to better satisfy the travel demand of users, different introduction and redistribution strategies could be adopted for FFBS and ATTS enterprises on different dates.



In addition, comparing the differences of location distribution between ATTS and FFBS on weekdays, we can conclude that more ATTSs (17%) distribute in other entertainment facilities than FFBSs (4%). Perhaps the travel time on weekdays is more restrictive, the residents will choose ATTS with high travel efficiency to take part in recreational activities outside of work and study in order to save time. By comparison, on weekends, more FFBSs (15%) distribute in parks than ATTSs (3%). This implies that FFBS could better promote the leisure exercise of residents and improve their health than ATTS [5]. In addition, no matter on weekdays and weekends, more FFBSs distribute around subway stations than ATTSs, which confirms the role of FFBS in the “last kilometer” [22].




4.4. Travel Purpose and Emergency Degree


The proportion of travel purpose and travel emergency degree of each travel purpose for FFBS, ATTS, and TTM are shown in Table 3. As seen in Table 3, as for FFBS, the proportions of flexible travel (business affairs, shopping, entertainment, exercise, and others) and inflexible travel (attending school, commute, and return home) are relatively balanced, accounting for 51.28% and 48.72%, respectively. The proportion of commute and attending school is, in total, 40.38%. By comparison, ATTS is mainly used for flexible travel activities (69.70%), and the purposes of entertainment (29.55%) and business affairs (15.91%) account for the largest proportion, while those of commute and attending school only account for 25%. In terms of travel emergency degree, on the whole, the emergency degrees of ATTS in all travel purposes are higher than that of FFBS and TTM. In particular, commute activity in FFBS has the highest emergency degree (4.64). By comparison, the emergency degree of business affairs activity (6.5) in ATTS is the highest.





5. Model and Discussion


5.1. Multinomial Logistic Model


The multinomial logistic (MNL) model is a discrete selection model based on random utility theory. It can deal with the categories and continuous variables at the same time and it is commonly found in studies of mode choices [17,32,34,39]. Therefore, it was utilized in this paper to uncover the influential factors affecting the mode choices among FFBS, ATTS, and TTM.



The utility function in MNL model consists of a fixed term and a random term, the utility of a user, n, choosing mode, i, is given as:


Uin=Vin+εin.



(1)






Vin=β1Xin1+β2Xin2+⋅⋅⋅+βkXink.



(2)




where εin is a random term, its introduction is due to unobserved attributes, unobserved taste variations, measurement errors that are not deterministic. Vin is related to basic attributes, travel information, and attitudes and perceptions of users. It is assumed that Xink is a linear function of these variables, and βk is the parameter estimated by the maximum likelihood method.



Vin is independent of εin, and εin obeys the assumption of a Gumel distribution, the probability of a user, n, choosing mode, i, is given as [5]:


Pin=eVin/∑j∈CneVjn.



(3)




where Cn is the set of travel modes including FFBS, ATTS, and TTM.




5.2. Variable Calibration


The choice of urban residents’ shared travel modes has different influential factors, such as basic information, travel information, and perceptions. These variables need to be calibrated before using MNL. The results of variable calibration and notes are shown in Table 4.




5.3. Results and Discussion


In the MNL model, FFBS, ATTS, and TTM are dependent variables, and the choice of TTM is set as the reference category. As for all independent variables in Table 4, the items with a calibration value 0 are set as the reference items. All the independent variables are selected with an introducing probability of 0.05 and rejecting probability of 0.1. The independent variables and results of significance tests are listed in Table 5. Cox and Snell is 0.491 (more than 0.3), Nagelkerke is 0.562 (more than 0.3), and McFadden is 0.328 (more than 0.2), these coefficients are all within an acceptable range. The final −2 × Log-likelihood values for MNL is 467.310, the corresponding value for the equal probability model is 603.023, Chi-square is 135.713 (−2 × Log-likelihood values for the equal probability model minus the corresponding value for final MNL model), the improvement in the data fit illustrates the superiority of the established MNL model. In addition, the significance of the final model is less than 0.05, which shows that the selected variables have significant impacts on modes split under the confidence of 95%.



As presented in Table 5, as for the variable of original travel mode, for ATTS, the utility of the motorization travel mode is positive, with a high significance level when other variables are controlled. On the contrary, the utility is slightly negative for FFBS, compared to TTM. This indicates that residents who were accustomed to using non-motorized travel modes were more inclined to choose FFBS, while those who were accustomed to using motorized travel modes showed a preference for ATTS. That means the habit of residents’ travel behavior affect the decision of travel choices, and a travel mode is more likely to attract the passengers of the mode with same attributes.



In terms of “whether there is a transfer with bus or subway”, the coefficient of FFBS is positive while ATTS is opposed. This suggests that FFBS is more suitable to combine with other modes of transportation and it is an effective tool for the “first kilometer” and “last kilometer” in the city [15,40]. By contrast, ATTS is more likely to compete with bus and subway and be used alone because of its characteristic of providing door-to-door service.



In addition, as described in Section 4.1, the customers of FFBS and ATTS both come from the users whose original mode is a conventional bus, in order to explore the transfer differences between these two shared modes, the conventional bus in the original travel mode interacts with different dates. The calibration results show that the coefficient of FFBS is significantly positive on weekends and holidays, and it is small and insignificant on weekdays when other variables are controlled. By comparison, the coefficients of ATTS are both positive and significant. This indicates that residents are more likely to change from bus to FFBS on weekends and holidays, while this competition and substitution relationship between bus and ATTS has no significant difference on different dates. The possible reason is that FFBS is used more for leisure on weekends and the proportion of connecting with public transport on weekends is relatively small, as Figure 3a displays. By contrast, ATTS is more likely to compete with buses because of the reduced wait and riding times [14].



After controlling for other variables, FFBS is more sensitive to the increase in distance due to the limitation of effort, in contrast, ATTS tends to be utilized in longer-distance travel because it is a motorized mode. This is consistent with the result in Section 4.2. In addition, as the travel emergency degree increases, compared with FFBS, the residents show a tendency to use ATTS. Since the characteristics of high speed and accessibility could reduce the constraints of travel time and space, which can better serve temporary and emergency travel demand.



In order to explore the impact of the distribution of travel purpose in space on the choice of modes, the interaction between travel purpose and geography location is considered. The travel purpose is divided into two categories: flexible travel and inflexible travel. Flexible travel refers to the travel except for the purposes of attending school, commute, and return home. The higher ratio, the higher the living standards of residents are. The calibration results show that the coefficients of flexible travel in the city center and suburbs are positive and more significant than those of inflexible travel when other variables are controlled, which implies that, compared with TTM, residents show an inclination to use shared modes to participate in flexible activities. This also illustrates that FFBS and ATTS may improve the life quality of residents to a certain extent. In addition, the utility of flexible travel in suburb is larger and more significant than that in the city center. This indicates that compared with TTM, the residents in suburb are more dependent on FFBS and ATTS when they participate in flexible activities [41]. It is probably because the traffic infrastructures in suburb in Nanjing are absent, while shared modes could help to make up for this disadvantage and improve the accessibility in suburb [9,10,14]. Additionally, for FFBS, the coefficient of inflexible travel in suburb is negative compared with that in city center. It suggests that for inflexible activities, the residents in city center are more inclined to use FFBS than those in suburb. This is similar to public bicycles, which are mainly used for commuting and attending school in city center [42].



For the variable of “many coupons and discount cards”, the increase of the variable will promote residents to utilize shared travel modes. This is mainly because enterprises push coupons to users through mobile phone applications and attract customers who use TTM to utilize FFBS and ATTS by reducing their travel costs. Therefore, related enterprises can introduce and distribute coupons to users in order to attract new users to use shared modes. It is important to note that, in Section 4.1, the passengers of shared modes which come from private cars are small, which shows that, in Nanjing, the economic intervention (increased subsidies in shared travel modes) does not achieve the goal of attracting private car owners to give up driving. Similarly, the variable “time spent on the Internet every day” will also promote citizens to used shared modes.



In addition, in order to explore the impact of the number of private cars in households on residents’ shared mode choice, the number of family cars and the groups of students and non-students were interacted. This is mainly because the ownership and the use of family cars in the student group are not equivalent. As Belgiawan et al. showed for the car ownership and transportation pattern of undergraduate and graduate students in China, car owners and users accounted for 26.3%, while the car non-owners and users accounted for only 2.4% [43]. The model results show that, compared with the student group, the increase of the number of cars in a family in non-student groups will reduce the probability of using shared modes. This implies that by properly restricting the car ownership rate, the residents may use shared modes. This is in line with the conclusion in Section 4.1: more shared travel users come from the groups who lack private cars. This is contrary to the conclusion of Shaheen et al. in public bicycle system: car ownership does not lead to a reduced propensity in public bicycle use [44]. Interestingly, residents who own a registered permanent residence are less likely to use FFBS and ATTS. Perhaps residents in Nanjing who own a registered permanent residence have a higher car ownership rate (64.68%) than that of their counterparts (38.97%), and the travel inertia of using private cars for urban residents who own cars, to a certain extent, inhibits residents using shared travel modes.





6. Conclusions


This study was mainly designed to investigate the factors affecting shared travel modes. First, different characteristics between ATTS and FFBS in original travel modes, distance distribution, position distribution and travel emergency degree were compared and analyzed. The results show that: customers of FFBS are primarily from the users whose original modes are walking (39%), private bicycle (15%), and conventional bus (14%), the riding distance mainly focusing on 1~5 km (80%). By comparison, customers of ATTS mainly come from the users whose original modes are cruising taxi (26%) and conventional bus (25%), and it is more suitable for travel distance above 5 km (88%). As for FFBS, the demands on weekdays are more inflexible travel activities while those on weekends are more flexible activities. The demand distributions of FFBS on weekdays and weekends are complementary, and residential areas are the main overlapping areas. By comparison, the demand distributions of ATTS on weekdays and weekends are more consistent. The emergency degrees of ATTS in all travel purposes are higher than that of FFBS and TTM. Then, an MNL model was established to explore the factors influencing the choice among ATTS, FFBS, and TTM. The results show that the habit of residents’ travel behavior affect the decision of travel choices, and a travel mode is more likely to attract the passengers of the mode with same attributes. The competition and substitution relationship between FFBS and bus is more significant on weekends and holidays compared with weekdays, while this relationship between ATTS and bus has no significant difference on different dates. FFBS tend to combine with other public transportation, while ATTS is more inclined to be utilized in longer-distance travel and emergency travel, compared with FFBS. Compared with TTM, residents are more inclined to use shared modes to participate in flexible activities, especially in suburbs. In inflexible travel activities, the residents in the city center are more likely to use FFBS. Interestingly, residents who do not own a registered permanent residence show a preference for FFBS and ATTS, and the residents may utilize shared modes more if the car ownership rate is properly restricted.



In order to improve the usage of FFBS, ATTS, and TTM, the following management strategies and policy proposals are respectively proposed from the perspectives of enterprise operators and the government.



With respect to operators, four management actions could be taken into account. (1) Scheduling strategy. As shown by the model, FFBS and conventional bus have a more significant competition and substitution relationship on weekends and holidays, while this relationship between ATTS and conventional bus is significant both on weekdays and holidays. Therefore, in the areas with underdeveloped bus lines, a percentage of FFBS could be redistributed to these areas during weekends and holidays, and a proportion of ATTS could be guided by the platform to these places during peak demand periods. This approach may alleviate the shortcomings of inadequate conventional bus operation lines. (2) Business optimization of the ATTS platform. As the result of characteristic analysis indicates that the emergency degrees of ATTS in all travel purposes are higher than that of FFBS and TTM, at present, there is no special service for emergency-travel customers on the ATTS platform. Consequently, ATTS enterprises could consider setting up emergency services on the platform interface. In particular, the platform could carry out price control strategies, such as increasing additional costs appropriately during peak demand periods, to give e-hailing priority to users with high emergency if these customers select this service. (3) The introduction of FFBS and ATTS. As aforementioned, residents in suburbs are more likely to use shared modes to participate in flexible activities compared with TTM. For this reason, the enterprise could increase the introduction of FFBS and ATTS in suburbs where public transport facilities are very scarce, and also establish locations near flexible facilities, so that the barriers of insufficient facilities and low accessibility in these places could be alleviated. In addition, there are more demands for FFBS than ATTS near subway stations, therefore, FFBS enterprises could introduce more FFBSs near subway stations while ATTS could reduce the cruise in these places. (4) Utilization of the impact of registered permanent residence. As shown in the model, residents without a registered permanent residence show an inclination to FFBS and ATTS. Thus, in some tourist spots, these two shared modes could be properly introduced to bring benefits to visitors who come from other areas (the people do not have local registered permanent residence).



As for the government, two policy recommendations can be considered. (1) Payment system integration of FFBS and public transit and price strategy. As the model implies, FFBS is more suitable to combine with buses and subways and many discounts could promote the use of shared travel. Therefore, in order to promote a combined use of these two modes, a payment platform which integrates FFBS and public transit could be built by the government, and the government provides transfer users with a transfer discount. This method may bring about a simultaneous increase in the passenger flow for FFBS and public transit. (2) Technological innovation of traditional taxis. The results of the characteristic analysis show that customers of ATTS mainly come from the users whose original modes are cruising taxi. Faced with competition, traditional taxis can learn from ATTS, which integrates vehicle and information technology. An online taxi booking and hailing platform could be considered by the government, and the taxis could achieve e-hailing through smart phones while retaining the traditional roadside hailing by hand. This approach can satisfy the travel demand of different groups of people, such as young Internet users and the elderly, and enhance the competitiveness of traditional taxis.



The current paper is not without limitations, and further research is needed to fill the following gaps. Firstly, the differences between FFBS and ATTS among different groups and cities could be further explored. Secondly, these two shared modes were generated in the context of Internet technology; it is expected to make a more detailed and accurate exploration of the differences of travel demand and the spatial and temporal distribution between FFBS and ATTS, with the combination of their order and trajectory data. In addition, this paper only considers the single travel of the traveler; the travel behavior of the traveler over several days is also an interesting topic. Finally, the studies of car sharing service and scooter sharing are also meaningful; it is expected that these explorations will be carried out in the future.
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