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ARTICLE INFO ABSTRACT
Keywords: The emergence of taxi sharing enhances urban transport efficiency and reduces carbon emissions.
GPS tracking data Using GPS tracking data from taxis in Chengdu, China, this study first outlines conditions for

Sharing conditions
Spatiotemporal distribution
The potential of taxi sharing

identifying shareable taxi orders based on their origins and destinations. We then develop a three-
phase computational model to optimize matches among all potential shareable orders, calculating
the shareable mileage and the proportion of original mileage that could be shared. Our
comprehensive temporal and spatial analysis reveal a significant market for taxi sharing in
Chengdu, with higher potential on workdays than non-workdays and four distinct demand peaks
throughout the day. The morning peak on workdays and the night peak on non-workdays are
particularly pronounced. Most shareable orders originate within major city districts. We find a
positive correlation between the potential of taxi sharing and average traffic speed, and negative
correlations with order volume, regional economic development, and population density. Func-
tional zones related to Enterprises, Motorcycle Services, and Transportation Services exhibit
significantly higher sharing potential. Compared to traditional taxi operations, taxi sharing
significantly reduces total travel mileage. This quantitative analysis offers insights into the po-
tential demand for taxi sharing among urban residents and may help government authorities
optimize taxi resources for the sustainable development of urban transport.

1. Introduction

In recent years, there has been a significant surge in taxi demand, driven by urbanization and the increased need for transportation
for social activities. This surge has resulted in intensified traffic congestion, particularly during peak hours, leading to severe jams [1].
Furthermore, escalating air pollution from carbon emissions has become a serious concern [2]. However, taxi sharing, an application of
the sharing economy in public transportation [3], offers a promising solution. This involves matching at least two separate ride re-
quests with similar spatiotemporal characteristics for a joint taxi trip [4]. It effectively enhances vehicle occupancy rates, optimizing

* Corresponding author. No. 33, North 4th Ring West Road, Haidian District, Beijing, China.
E-mail address: xuejie@mail.las.ac.cn (J. Xue).

https://doi.org/10.1016/j.heliyon.2024.e29888

Received 24 June 2023; Received in revised form 11 April 2024; Accepted 17 April 2024

Available online 26 April 2024

2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).


mailto:xuejie@mail.las.ac.cn
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e29888
https://doi.org/10.1016/j.heliyon.2024.e29888
https://doi.org/10.1016/j.heliyon.2024.e29888
http://creativecommons.org/licenses/by-nc/4.0/

B. Hu et al. Heliyon 10 (2024) 29888

resource allocation, and benefiting both passengers and drivers economically. For example, in Porto, a full deployment of the taxi
sharing system could increase the average occupancy per kilometer travelled by 48 % compared to the traditional taxi operating mode
[5]. Simultaneously, it reduces the number of vehicles needed, alleviating traffic congestion, lowering energy consumption, and
reducing environmental pollution [6]. It is estimated that taxi sharing in New York could reduce the travel mileage by 2.89 million
kilometers, save 231 KL of gas, and reduce CO2 emissions by 532 tons per week [7]. Therefore, this approach can play a pivotal role in
advancing the sustainable development of urban transportation.

Taxi sharing holds significant potential, defined as the maximum proportion of mileage that can be shared among all taxi trips [8].
Studies have found a high similarity in travel trajectories across various taxi trips [9,10], indicating a strong potential for taxi sharing.
However, despite this promise, many cities currently impose limitations on taxi sharing implementation. For instance, during the 2020
Tokyo Olympics, the Japanese government temporarily allowed taxi sharing [11]. In New York, the ride-sharing platform Bandwagon
primarily focuses on providing taxi sharing services for transportation hubs like JFK Airport [12]. The reasons why taxi sharing has not
yet been widely applied include concerns about its impact on other modes of transportation. Additionally, the challenges of regulating
pricing, which can often be unclear and disorderly, contribute to this situation [13,14]. Hence, it is crucial to devise a method for
quantifying the potential for taxi sharing in a city. This can assist urban managers to recognize the latent demand for taxi sharing
services and empower them to make well-informed decisions regarding the efficient management of the taxi sharing market. This, in
turn, would facilitate an organized urban transportation network and promote environmentally friendly development.

The computation of the potential of taxi sharing involves solving the Dial-A-Ride Problem (DARP), entailing the design of vehicle
routes and schedules for multiple users who specify pick-up and delivery requests between origins and destinations [15]. Studies on
DARP have employed optimization techniques to formulate taxi sharing routes [9,16]. These methods aim to enhance the efficiency of
taxi sharing by reducing search and travel times and achieving the best match between passengers and taxis [17]. Previous research
has produced an abundance of results. However, there are still areas where improvements can be made. In comparison to prior
research, our study introduces several significant developments:

@ On the one hand, we abstain from imposing specific constraints on the timings or locations of taxi sharing, such as requiring
passengers to be picked up and dropped off at designated meeting points. While this approach may yield higher sharing potential in
the results, it might not align with real-world scenarios [4]. Instead, we rely on the actual GPS trajectories of taxi orders and
conduct an analysis of their spatiotemporal overlaps to assess the possibility of sharing.

@ On the other hand, the measurement of the potential of taxi sharing is frequently underemphasized. In contrast, our research delves
into understanding the potential of taxi sharing within urban contexts and scrutinizing its spatiotemporal characteristics. The
evaluation of the potential of taxi sharing from both temporal and geographical dimensions exposes evolving demand patterns. This
discussion is instrumental for formulating more precise recommendations for urban management [18].

Based on taxis’ GPS tracking data, this paper establishes conditions for identifying shareable taxi orders. We also present a
comprehensive analytical model for calculating the potential shared mileage and the potential proportion of the original mileage that
could be shared for each order. Additionally, we conduct an in-depth analysis of the spatial and temporal distribution characteristics of
the potential of taxi sharing. The contribution of this paper is theoretically significant for the quantitative approach to identifying
potentially shareable taxi orders and the model for calculating the potential of taxi sharing. These findings regarding the spatio-
temporal distribution of potential taxi sharing demand also carry important practical implications. They contribute to achieving a
balance between supply and demand in the urban taxi sharing market, optimizing its management, and facilitating the coordinated
development of urban transport systems.

The rest of the paper is organized as follows: Section 2 presents the literature review, while Section 3 covers the data and pre-
processing. In Section 4, we introduce the methodological design of this study and provide the approach used to identify potentially
shareable taxi orders. Section 5 analyzes the characteristics of taxi sharing trips in both the spatial and temporal dimensions. Section 6
discusses the results of this study and compares them with other findings. Finally, in Section 7, we delve into a discussion and summary
of the research presented in this article, as well as prospects for future research directions. The developed model algorithm is presented
in the appendix. It is implemented using Python 3 and executed on a computer with 4 cores running at 2.7 GHz.

2. Literature review

Taxi sharing, also known as taxi ridesharing, combines the advantages of public transportation (low cost) with the flexibility of
private cars [7]. In the contemporary landscape, taxi sharing is made possible by advanced information and communication tech-
nologies such as GPS, smartphones, and mobile apps [19]. By leveraging these technologies and considering travelers’ preferences,
including desired pick-up and drop-off times and locations, the taxi sharing system matches similar travel requests and consolidates
multiple requests into one taxi trip [4]. In this section, we summarize previous relevant studies on taxi sharing, primarily focusing on
two aspects: the factors influencing taxi sharing and DARP.

2.1. Influencing factors for taxi sharing
Taxi sharing is an emerging travel mode that requires further market expansion [20]. Understanding the factors that influence

someone’s choice to use taxi sharing is crucial for its continued growth and development. By considering these factors, stakeholders
can make informed decisions to meet people’s evolving demands for this emerging travel mode. Previous studies have discussed
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influencing factors, including the passengers’ individual attributes, travel characteristics, and environmental conditions.

To begin, individual attributes such as age, gender, and educational background influence the willingness to use taxi sharing
services. Generally, younger travelers exhibit greater willingness to adopt taxi sharing, likely due to their higher receptivity to new
technologies and greater concern for environmental benefits [21]. Similarly, individuals with higher educational backgrounds, who
tend to be more accepting of new technologies, are also more likely to utilize taxi sharing services [22,23]. Gender is another sig-
nificant factor influencing travel behavior. Compared to men, women are more accepting of longer waiting times and detours, making
them more inclined to use taxi sharing services [24,25].

Next, travel characteristics primarily encompass factors such as travel period, distance, and purpose. In high-pressure car-hailing
situations, individuals are more motivated to choose taxi sharing, leading to a higher willingness to share taxis on working days or
during peak hours [26]. When individuals face long travel distances, they are more inclined to opt for taxi sharing, possibly to alleviate
the monotony of extended journeys or to save on travel costs [27]. In addition, people going out for leisure, entertainment, or social
purposes are more likely to engage in sharing [24,28].

Finally, environmental conditions, including climatic conditions, the population and regional economy, and building land attri-
butes, play a significant role. People are less likely to opt for taxi sharing during cold weather conditions [29]. In comparison with
other regions, people are more likely to share travel in intensely populated regions, because the distance between travelers is then
likely to be lower [30]. A multi-factor regression model has been built to explore the effects of building land attributes [31]. It shows a
high level of sharing in communities and areas related to transport and communication, but a low level in areas around universities,
postal offices, public transport companies, and other places. The building land attributes of sport and leisure services, bus stations,
train stations, airports, and parking lots have been shown to have positive effects on ridesharing, while government and social or-
ganizations seem to have the opposite effect [32].

2.2. Dial-A-Ride Problem

Originally designed to provide door-to-door transportation for elderly or disabled individuals, DARP has evolved significantly over
time [33]. In the context of taxi sharing, DARP involves the design of routes that consider time and routing constraints to accommodate
the cost considerations of both passengers and drivers. Time constraints encompass factors such as the earliest acceptable pick-up and
latest acceptable drop-off times, as well as the maximum ride duration, all of which reflect passengers’ tolerance for time spent sharing
[34]. Furthermore, routing constraints can lead to more direct routes by allowing users to be picked up or dropped off at intermediate
locations, which are referred to as meeting points [4].

Efficiency in taxi sharing is often indicated by relatively short search and travel times, contributing to a better travel experience.
Research has shown that the methods used to match drivers and sharing passengers significantly affect the search time drivers require
to find passengers or passengers to find drivers [35,36]. Enhancing the search algorithm for the swift retrieval of user queries can
effectively reduce the matching time between taxis and passengers. For instance, heuristic and approximate algorithms for building a
taxi sharing system have been considered, utilizing taxi trajectory data from San Francisco and Porto to test the algorithms’ efficiency
[17]. Additionally, a Lagrange decomposition algorithm [16] and linear allocation algorithm [37] have been proposed to facilitate
passenger-to-taxi assignments. Through rapid screening of taxis and potential fellow passengers for suitable matches, and efficient
route planning so that the destination is reached promptly, a matching optimization method can also effectively reduce the total travel
time [38,39]. Moreover, the overall travel time is primarily influenced by the choice of travel path and the level of congestion along the
route [40].

Conversely, some studies focus on optimizing the dynamic taxi sharing model to meet routing constraints. This includes methods
such as the taxi searching algorithm and path-planning strategy, which have been proposed to reduce the total travel mileage. For
example, two innovative real-time optimal routing algorithms have been introduced with the goal of maximizing ride requests and
minimizing travel distances for taxis [41]. Following route planning, research utilizing models and urban data has quantified the
mileage saved and the reduction in taxi trips. In New York, it was discovered that 48.34 % of taxi orders could be shared, resulting in a
saving of 2,892,036 km in travel distance [7]. Additionally, the total number of taxi trips could be decreased by approximately 30 %
[17]. These findings emphasize the significant impact that an efficient taxi sharing model could have on improving urban trans-
portation efficiency and sustainability.

Table 1
Fields and numerical values of an example taxi GPS tracking record.
Fields Example numerical values
Taxi ID 1253
Latitude 30.6625
Longitude 104.0078
Loading status 0 (1 for occupied, and 0 for non-occupied)
Time 08/03 15:01:12
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3. Data
3.1. Data source

The taxi GPS tracking data for Chengdu spans from August 3 to August 16, 2014, except for August 7 and 13, when data collection
did not occur. The dataset includes 672,047,131 valid taxi GPS tracking records of 14,336 taxis in eight workdays and four non-
workdays. Each tracking record contains five fields, including Taxi ID with desensitization, Latitude, Longitude, Loading status and
Time. An example of such records is shown in Table 1.

3.2. Data preprocessing

Isolation of taxi orders. The change of loading status of a taxi, i.e., 1 for occupied and 0 for non-occupied, is the time point for
transition from one order to the next as shown in Fig. 1. The taxi is “seeking passengers” when its loading status is 0, and is “carrying
passengers” when its loading status is 1.

From Fig. 1, a complete taxi service cycle includes “seeking passengers”, i.e., with a loading status 0, and “carrying passengers”, i.e.,
with a loading status 1. A taxi order is defined by the process of “carrying passengers” once. All the taxi orders are then isolated by
using the taxi tracking data. After sorting the tracking data according to its operating time and its searching time, all the orders of each
taxi can be obtained. Table 2 shows the daily number of taxi orders for the 14,336 taxis in Chengdu in the dataset. It can be seen from
Table 2 that the daily taxi demands in Chengdu are relatively stable, basically in the interval between 450,000 and 530,000.

Data cleaning. Abnormal tracking records are deleted from the dataset. Weak signals, e.g., caused by building blocking, might
result in positioning errors. An adjacent tracking record is regarded as abnormal if its average speed is too high, e.g., over 200 km per
hour. A total of 584,236 abnormal tracking records are deleted from the dataset, which comprise less than one-thousandth of the total
tracking records. Furthermore, the following four types of unreasonable orders are deleted. (1) Orders only having entry in one field, i.
e., only having a single tracking record, are deleted. As a result, a total of 67,490 orders are deleted. (2) Orders with too short or too
long travel time or distance are deleted. According to the travel time and distance distributions of taxi orders in Table 3, orders with
travel time shorter than 52 s, i.e., the bottom 1 %, or longer than 20,355 s, i.e., the top 0.1 %, and orders with travel distance shorter
than 0.47 km, i.e., the bottom 1 %, or longer than 60.48 km, i.e., the top 0.1 %, are deleted. (3) Orders with unclear destinations are
deleted. The orders that have more than five consecutive following abnormal tracking records are deleted, because their destinations
cannot be determined accurately. A total of 1016 such orders are deleted. (4) 397 orders that are geographically outside of the study
area are removed. Consequently, a total of 258,266 unreasonable orders are deleted, accounting for approximately 4 % of the total
number of orders in the dataset. Finally, 5,708,604 taxi orders are kept in the dataset for further analyses, of which 67.92 % are on
workdays and 32.08 % are on non-workdays.

Matching between the addresses of the administrative districts and the functional zones. The origin of an order can intu-
itively reveal the initial location of passenger travel demands. Consequently, this study uses the origin of each order to determine the
administrative districts and functional zones to which it belongs. The origin is matched with its specific address (i.e., the longitude and
latitude) and Point of Interest (POI) using Amap’s reverse geocoding function [42]. Functional zones are then categorized according to
Amap’s POI classification standard [43]. All orders are classified into the 20 administrative districts and the 19 functional zones of
Chengdu. The administrative districts include Wuhou, Jinjiang, Qingyang, Jianyang and so on. The functional zones are Auto Service,
Auto Dealers, Auto Repair and so on, as shown in Table 4.

Using POI as the classification criterion for functional zones is deemed appropriate in this study. This is primarily because the
geographic scale defined by POIs aligns well with the grid, which acts as the fundamental unit of functional zones in our analysis.
Specifically, there are six types of basic units for functional zones: grids, blocks, traffic analysis zones, cluster units, landscapes, and
building units [44-46]. The division of functional zones is based on five main criteria: POI, geographical clustering, deep learning
recognition, land attributes, and survey interviews, with the selection of criteria influenced by the type of the basic unit [47]. Land
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Table 2
Daily number of taxi orders in Chengdu in the dataset.
Date Order counts Date Order counts
08/03 (Sunday) 458764 08/10 (Sunday) 465394
08/04 (Monday) 496895 08/11 (Monday) 514666
08/05 (Tuesday) 497250 08/12 (Tuesday) 527115
08/06 (Wednesday) 486875 08/14 (Thursday) 517940
08/08 (Friday) 479031 08/15 (Friday) 534824
08/09 (Saturday) 482346 08/16 (Saturday) 505770
Table 3
Percentiles and their corresponding times (seconds) and distances (kilometers).
Percentile Time Percentile Time Percentile Distance Percentile Distance
1% 52 90 % 1679 1% 0.47 90 % 12.71
5% 174 95 % 2118 5% 1.13 95 % 16.78
10 % 254 99 % 4089 10 % 1.61 99 % 26.65
25 % 438 99.5 % 6034 25 % 2.76 99.5 % 32.48
50 % 741 99.9 % 20355 50 % 4.86 99.9 % 60.48
75 % 1162 75 % 8.09
Table 4
Functional zones.
No.  Classification POI
1 Auto Service Filling stations, charging stations, other energy stations, etc.
2 Auto Dealers Volkswagen franchised sales, Honda franchised sales, etc.
3 Auto Repair Volkswagen franchised repair, Honda franchised repair, etc.
4 Motorcycle Service Motorcycle sales, motorcycle repair.
5 Food and Beverages Chinese food restaurants, foreign food restaurants, fast food restaurants, coffee houses, tea houses, bakeries, etc.
6 Shopping Shopping plazas, convenience stores, home electronics hypermarkets, supermarkets, comprehensive markets, etc.
7 Sport and Recreation Sports stadiums, recreation centers, theatres, cinemas, etc.
8 Medical Service Hospitals, clinics, emergency centers, disease prevention institutions, pharmacies.
9 Accommodation Service Hotels, motels.
10 Tourist Attraction Parks and squares, scenery spots.
11 Commercial House Industrial parks, buildings, residential areas.
12 Governmental Organization and Government organizations, foreign organizations, social groups, public security organizations, industrial and
Social Group commercial taxation institutions, etc.
13 Science, Culture and Education Museums, exhibition halls, art galleries, libraries, planetariums, media organizations, schools, etc.
Service
14 Transportation Service Airport related, railway stations, bus stations, etc.
15 Finance and Insurance Service Banks, ATMs, insurance companies, securities companies, finance companies.
16 Enterprises Farming, forestry, animal husbandry and fishery bases, mining companies, construction companies, etc.
17 Road Signs Warning signs, toll gates, service areas, traffic lights, signposts.
18 Place Name and Address Normal place names, natural place names, etc.
19 Pass Facilities Gates of buildings, gates of street house, virtual gates, special corridors.

Note: The first column (No.) is used to represent the functional zones in the figures below.

attributes and survey interviews are typically used for larger-scale functional units, such as blocks, while cluster units often utilize
geographical clustering for division. Both POI and deep learning recognition are suitable for dividing smaller-scale basic units, such as
grids and building units. However, deep learning frequently relies on remote sensing data, which may not capture socio-economic
information as effectively as POI [48]. For instance, a deep learning model might only identify basic geographical features, such as
buildings and roads, without accurately distinguishing specific information further subdivided based on different functions like
commercial areas, residential areas, and public service facilities. Therefore, POI represent the most suitable standard for dividing
functional zones in this study. Moreover, POI have been widely used as a classification criterion in functional zone research, with over
70 % of studies related to functional zones indexed in the Web of Science from 2000 to 2021 utilizing POI as a classification criterion
[46].

In the following, let L, represent the distance between the origin of the order to the m-th POL. Let P, represent the probability that
the order belongs to the m-th POI. A short distance L,, usually indicates a relatively high probability that the order belongs to the m-th
POIL. Therefore, the probability P, can be calculated using (1) below:

Pm:ﬂ(m:m,s,...). @
1/t

m=1
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The cumulative probabilities of all orders associated with a specific POI are utilized to ascertain the total number of orders within
that POL The values of m are 1, 2 and 3 in actual computation, meaning that only the three POIs with the closest distance L,, are
retained. Fig. 2 shows the distributions of taxi orders in different administrative districts and functional zones in Chengdu. As can be
seen from the left side of Fig. 2, taxi demands are mainly distributed in the main urban areas, including the districts of Wuhou, Jinniu,
Qingyang, Jinjiang and Chenghua. The right side of Fig. 2 shows that there is a high demand for taxis in some functional zones such as
Commercial House, Science, Culture and Education Service and Finance and Insurance Service.

4. Methodology

This paper builds on the work of Tachet et al. [49], introducing conditions for shareable taxi orders and presenting a general
analytical model. This model is designed to calculate the potential shared mileage and the proportion of original mileage that could be
shared for each order, serving as a vital tool in assessing the potential of taxi sharing. The higher the proportion that could be shared for
each order, the greater is the potential for taxis to participate in sharing activities, and vice versa.

4.1. Shareable conditions for two taxi orders

All orders are sorted by their starting times in ascending order, i.e., with the latest order to start listed last. Let N = {1, 2, ---,n}
denote the set of taxi orders under consideration. The set of orders that occurred60 before orderj (j € N) is represented by I = {1,2,...,
j— 1}. An order has at least one passenger and a ride so that an index i or j may refer to the order, the passenger, or the ride.

Two orders i and j are considered one at a time. The search process starts from the first, i.e., the earliest, order in the dataset. The
orders are not flagged before the process begins. A taxi driver always picks up passenger i first and then looks forward for passenger j. In
the following, route i represents the shortest path from the origin to the destination of ride i, and route j represents the shortest path
from the origin to the destination of ride j. After picking up passenger j, the taxi driver will not go back to where he left route i, but will

plan and select a path from the current location to the destination of passenger i or j. Rides i and j are shareable if they satisfy the
following conditions:

1) Neither ride i not ride j is flagged.
2) Ride j originates later than ride i but within a certain time limit.

3) The origin of ride j is in the vicinity of a point on route i (which can be any point) and passenger j is ready for the ride when the taxi
reaches that point.

4) The destination of ridej is in the vicinity of a point on route i (which can be any point), or the destination of ride i is in the vicinity of
a point on route j (again this can be any point on route j).

Each order, after being placed, may be shared with any previous one that has not yet been completed. Orders i and j will be flagged
after this search process if they are shareable.

4.2. The computation process of the model

Given the shareable conditions, we propose the following assumptions in our model:
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Fig. 2. The distribution of taxi orders in administrative districts and functional zones.
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1) Each order is assumed to be shareable at most once. This assumption is based on practicality and efficiency. Although it recognizes
that orders could, albeit rarely, be shared multiple times, this simplification helps streamline the modeling process without notably
compromising realism [19,49].

2) Vicinity is defined by driving time. This assumption is grounded in the practicality of defining vicinity for sharing purposes [7,16].
While distance is a common metric, using driving time offers a more realistic measure as it reflects the actual travel experience and
considerations of traffic congestion and road conditions.

3) Passengers have the same tolerance for the extra time taken for shared travel. This assumption is made to simplify the model and
maintain consistency in passenger behavior [37]. While this may not be entirely accurate in reality, it provides a standardized basis
for modeling passenger behavior.

4) The drivers always choose the shortest route, delivering the passenger with the closer destination after picking up passenger j. This
assumption is rooted in efficiency and simplicity, aiming to minimize travel time for all passengers involved in the sharing process.
By prioritizing the shortest route, the model ensures optimal resource utilization and passenger satisfaction [50,51].

5) The average speed on the sharing part of the ride, is approximately the same as the average speed on route i. This assumption
facilitates the estimation of travel times and allows for straightforward modeling of taxi sharing scenarios [52].

The model aims to find the optimal match among all possible shareable order pairs that satisfy the shareable conditions. As shown
in Fig. 3, the computation process can be divided into three phases. In Phase I, any order i € I is checked to determine whether it meets
the origin condition for sharing with order j at the starting time point. Consequently, an order set I is obtained which represents the set
of orders shareable with order j at the starting time. In Phase II, any order i € I is tested to determine whether it meets the destination

condition for sharing with order j at the ending time point. In this phase, an order set I', in which each order can be shared with order j
at both their starting and ending times is obtained. In Phase III, the potential shared travel mileage and proportion of the original

mileage that could be shared, for any orderi € I and j are calculated, and the order in,x with the maximum shared mileage with respect
to order j is determined.

N
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Through the computation process, an optimal matching order iy, € I is found for order j. An example is shown on the right side of
Fig. 3. In this example, order j = 4 is the order concerned and the orders in the set I = {1, 2, 3} will be checked. In Phase I, orders 1 and
2 are determined to be shareable with order 4 at the start of order 4’s trip. In Phase II, only order 2 is determined to be shareable with
order 4. In Phase III, the potential sharing travel mileage and proportion are calculated for the pair of shareable orders 2 and 4.

4.2.1. Phase I: the shareability of orders i and j at the starting time of order j

In this subsection, the shareable condition at the origin is described. The shareability of each order i in I with orderj at its start time
is checked, as shown in Phase I in Fig. 3. Without loss of generality, the taxi driver picks up passenger i first. Order i with passenger i has
its route from origin O; to D;. Similarly, order j with passenger j has its route from origin O; to destination D;. Let S; and S; represent the

distances of orders i and j, respectively. Let t;; and t;; denote the starting and ending times of taxi order i, and let tj; and tj» denote the
Si
tio—tn "

The two orders are considered, to determine if they meet the shareable conditions at time point ¢y, i.e., the starting time of order j.

starting and ending times of taxi order j, respectively. Hence, the average speed of the route i is estimated to be v; =

The taxi is assumed to be at point P on route i at time tj; when passenger j issues his/her order. Let r represent an acceptable distance for
a taxi driver to make a detour so as to pick up the second passenger, and S represent the shortest distance from P to 0j, as shown in
Fig. 4. Let § represents the maximum time that the second passenger is willing to wait for the taxi to come. The time it takes the taxi to
reach O; from point P, i.e., traveling a distance S, must be less than or equal to a tolerance §. The timing condition at the origin is then
given by (2):

s <4, @

Vi

where % is the time taken for the taxi to detour from route i to travel to O;. Consequently, each order i € I that can be shared with order j

at the starting time is added to the set I. If I # @, then each order i € I is tested with order j to determine if they meet the shareable
conditions at their ending times.

4.2.2. Phase II: the shareability of orders i and j at their ending times ’

In this subsection, the shareable condition at the destination is described. The shareability of each order i in I with order j at their
ending times is tested, i.e., Phase Il in Fig. 3. Two orders that are shareable at the starting time of order j may not be shareable for the
whole trip. Let 7 represent the maximum extra distance that the taxi driver and passenger i are willing to detour to drop off passenger j
and let S" represent the extra distance that the taxi has to travel to drop off passenger j, as shown on Fig. 4(a). Likewise, let r also

represent the maximum extra distance that the taxi driver and passenger j are willing to detour to drop off passenger i and let S also
represent the extra distance that the taxi has to travel to drop off passenger i, as shown on Fig. 4(b). From Fig. 4, it can be clearly seen

that the two orders can be shared at their origins if S < r and destinations if S < r, thus they are a pair of potential sharing travel

(b) D, isin the vicinity of a point on route j

Fig. 4. Shareable taxi orders.
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orders. However, the two orders cannot be shared at the time point marked as t™, for the distance S™ between the two locations of
orders i and j to be too long.

In the first case as shown in Fig. 5(a), D; is closer to Oj, thus passenger j will be dropped off first and then D; should be in the vicinity
of a point on route i. Let § be the maximum time delay that all passengers onboard are willing to wait over their whole shared trip. Let
Sl represent the extra distance that the taxi has to travel to drop off passenger j, i.e., the driving distance from D; to D;, and let 51
represent the driving distance from O; to D;. In this case, Sl > §;, the timing condition at the destination is then given by (3):

S48+, ,
#*(hz*m) <4, 3)
Vi
where % is the time when the travel sharing occurs, and t; — t;; is the time without sharing, for passenger i to travel from the

location of P to D;. Hence, the left hand side of (3) is the time delay for passenger i resulting from the travel sharing. Meanwhile, since
the driver would drop off passenger j first, passenger j will not have delay in this case.
In the second case as shown in Fig. 5(b), D; is closer to O;, and thus passenger i will be dropped off first and then D; should be in the

vicinity of a point on route j. Let SJ represent the extra distance that the taxi has to travel to drop off passenger i, i.e., the driving

distance from D; to D;. In this case, 51 < §j, and the timing condition at the destination is then given by (4) and (5):

S+5 ,

v l_(tiZ_tj])§57 4
S8+ ”
?j_(tﬂ_tj]) <é, (5)

where the left hand side of (4) and (5) denote the time delays for passengers i and j, respectively, resulting from the travel sharing. In
D, ¥ is the time taken when travel sharing occurs. Similarly in (5), ﬁ is the time when travel sharing occurs, and tj; — t;; is the
time taken without sharing, for passenger j to travel from O; to D;.

Consequently, all orders in the set I' that can be shared with order j up until one of the orders’ ending times are put into set I, i.e.,
each order in set I is shareable with order j, meeting the conditions at both origin and destination. IfI = @, j cannot be shared with any
previous orders. However, it is still possible for j to be shared with orders that occur later.

4.2.3. Phase III: the potential shared travel mileage and proportion of original mileage that could be shared between orders i and j

In this subsection, the potential shared travel mileage and its proportion of the original milage, for every orderi € I' is computed,
and order i, is found for order j, as shown in Phase III in Fig. 3. Without sharing, the total mileage travelled for the two orders is S; +
S;j. With sharing, the calculation of the total mileage and shared mileage differs for the two cases mentioned in Section 4.2.2, as
described below.

In the first case, if D; is closer to O; than D; is, the taxi driver will drop passenger j first and then proceed from D; to D;. Let 5; denote
the driving distance from O; to P. With sharing, the total mileage actually travelled for the two orders is given by (6):

=8 +S+5+5, (6)
and the shared mileage is given by (7):

=5, )
as shown in Fig. 5(a). The mileage saved for orders i and j by sharing is then given by (8):

A=(Si+8) — (S+S+S+S8)=8—-5-5-5. (8)

Hence, the proportion of the shared mileage for orders i and j based on the total distance without sharing is given by (9):

0, o _rs _»
’ Slm n
s 5/
o 5 D,
(a) D, iscloser to 0, than D, (b) D, iscloserto 0, than D,

Fig. 5. Computation of performance measures.
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S
pl=_ 9
LS+ ©)]
and the proportion of shared mileage for orders i and j based on the total distance with sharing is given by (10):
S; S;
2 Oi j ) 10
LS S S8+ o

In the second case, if D; is closer to O; than D; is, the taxi driver will drop passenger i first and then proceed from D; to D;. With
sharing, the total mileage actually travelled for the two orders is given by (11):

Si=S+S8+5+S, an
and the shared mileage is given by (12):

s=5, (12)
as shown in Fig. 5(b). The mileage saved for orders i and j by sharing is given by (13):

A= ($i+5) — (Si+5+5+5)). 13)

Hence, the proportion of the shared mileage for orders i and j based on the total distance without sharing is given by (14):
s

P{l: J 14
PSS a4

and the proportion of shared mileage for orders i and j based on the total distance with sharing is given by (15):

2 ‘SJ/ Sj

PSS AS s s (12

Consequently, by comparing the S of all orders in I, we can determine the order in, that has the maximum shared mileage with
order j. Therefore, orders i,z and j are the optimal orders to be shared. Furthermore, we can obtain the proportion that could be
shared, based on the total distance without sharing (i.e., P{!) and with sharing (i.e., P{2).

5. Results

This experiment uses the average of all taxi orders’ P{? to measure the potential of taxi sharing of Chengdu. It is found that, when )
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Fig. 6. The daily changing patterns of the numbers of taxi orders and the potential of taxi sharing.
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= 5 min, taxi trips exhibit over 95 % shareability [19]. Therefore, we set 5 as 5 min and 6 as 10 min in the case study.

5.1. Overadll analysis on the potential of taxi sharing

The analysis of Chengdu’s taxi orders reveals that 97.77 % of these orders are potentially shareable, indicating a robust potential for
the taxi sharing market. Furthermore, the possibility to share approximately 31.28 % of total travel mileage underscores the feasibility
of shared transportation in the region. A significant majority, 67.96 % of shareable orders, occur on workdays, highlighting the
heightened demand for sharing services during these times.

The daily changing patterns of taxi order counts and their sharing potential on both workdays and non-workdays from 6:00 to
24:00 is shown in Fig. 6. The order counts on the vertical axis refer to the average number of taxi orders per day. Notably, the total
orders and shareable orders exhibit similar daily patterns across workdays and non-workdays. Specifically, taxis tend to have more
shareable orders on workdays compared to non-workdays, with the sharing potential being 0.56 % higher during workdays. The peaks
in the potential of taxi sharing occur at four distinct intervals throughout the day: morning, noon, evening, and night. The highest peak
appears in the time period 7:00-8:00 on workdays. After this time period, the sharing potential drops sharply from 32.4 % to 31.21 %,
primarily due to morning rush-hour traffic congestion. Unlike workdays, the highest peak on non-workdays appears in the time period
21:00-22:00, coinciding with the highest number of taxi orders.

Generally, the potential of taxi sharing is intricately linked with traffic conditions and the volume of taxi orders. Under favorable
traffic conditions, there is a positive correlation between the number of taxi orders and the potential of taxi sharing. This relationship,
however, inversely flips under congested traffic conditions, adversely affecting the potential of taxi sharing during peak hours on
workdays. As shown in Fig. 6, from 6:00-7:00 on workdays, a gradual increase in taxi orders coincides with a sharp rise in sharing
potential. The number of taxi orders continues to increase during the morning peak 7:00-10:00, but the potential of taxi sharing
declines due to the impact of traffic congestion. A similar pattern is observed in the evening. The reduction in taxi orders before the
peak period (16:00-18:00) leads to an increased sharing potential, which subsequently falls during the peak hours of 18:00-20:00 as
orders surge. This analysis indicates that while the potential of taxi sharing positively correlates with an increase in taxi orders, it is
negatively impacted by vehicular speed reduction during congestion. Therefore, ensuring a balanced increase in taxi orders to avoid
reaching congestion thresholds is essential for optimizing the potential of taxi sharing. This highlights the vital role of strategic traffic
and demand management in promoting the advancement of shared mobility solutions.

5.2. A spatial dimension analysis on the potential of taxi sharing

In the spatial dimension analysis, the study reveals significant insights into the variation of the potential of taxi sharing across
different administrative districts and functional zones. As shown in Fig. 7, the administrative districts of Wuhou, Jinniu, Qingyang,
Jinjiang and Chenghua, which constitute the core urban areas of Chengdu, dominate the taxi order landscape, collectively accounting
for 97.42 % of total orders. These districts exhibit the potential of taxi sharing at approximately 30.75 %, showing a positive corre-
lation between the volume of taxi orders and shareable orders. This relationship suggests that higher taxi orders within a district
generally lead to an increased number of potential shareable orders, thereby elevating the district’s potential of taxi sharing.
Furthermore, the study uncovers that an administrative district’s economic development level and population density significantly
influence its potential of taxi sharing. For instance, Shuangliu and Longquanyi, with higher economic development, showcase sharing

150

100

Order counts (thousand)
Sharing potential (%)

(a) Workdays (b) Non-workdays

|- Total orders [l Sharable orders ~——— Sharing potential |

Fig. 7. The distributions of the numbers of taxi orders and the potential of taxi sharing in different administrative districts.
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potentials markedly above the city average, while less developed districts such as Dujiangyan and Chongzhou display considerably
lower potentials.

Shifting the focus to functional zones, the study reveals a consistent positive correlation between the total number of taxi orders and
shareable orders, as illustrated in Fig. 8. Notably, taxi orders are predominantly concentrated in functional zones associated with
Commercial House, Science, Culture, and Education Service, Finance and Insurance Service, Accommodation Service, and Govern-
mental Organization and Social Group, collectively accounting for 85.34 % of total orders. In contrast, zones such as Motorcycle
Service and Auto Repair exhibit minimal taxi orders. The potential of taxi sharing varies distinctly across these functional zones, with
specific areas such as Enterprises, Transportation Service, and Tourist Attractions showcasing high potentials. Interestingly, the
variation in the potential of taxi sharing between workdays and non-workdays is minimal across most zones, indicating a consistent
demand for taxi sharing services regardless of the day of the week. However, exceptions exist, as demonstrated by the Motorcycle
Service zones, which experience significant fluctuations in sharing potential between workdays and non-workdays.

5.3. A temporal dimension analysis on the potential of taxi sharing

The temporal dimension analysis of the potential of taxi sharing across administrative districts and functional zones in Chengdu
reveals significant insights into the temporal and spatial dynamics of urban mobility. In the administrative districts of Wuhou, Jinniu,
Qingyang, Jinjiang, and Chenghua, an overwhelming majority of taxi orders are found to be shareable, with little variation between
workdays and non-workdays, as shown in Fig. 9. This high shareability underscores the constant demand for efficient transportation
options within these densely populated areas. Notably, the potential of taxi sharing exhibits a pronounced peak during the morning
rush hours on workdays, indicating a surge in commuting activity that temporarily enhances the feasibility of sharing rides. However,
this potential sharply declines as traffic congestion worsens, underscoring the detrimental impact of heavy traffic on the efficiency of
taxi sharing systems.

Furthermore, the analysis extends to five functional zones characterized by high volumes of taxi orders, including Commercial
House zones, Science, Culture and Education Service zones, Finance and Insurance Service zones, Accommodation Service zones, and
Governmental Organization and Social Group zones. Similar to the administrative districts, these zones show a high proportion of
shareable orders, with negligible fluctuations between different days of the week, as shown in Fig. 10. The morning peak in the po-
tential of taxi sharing is also evident in these zones, further highlighting the influence of commuting patterns on sharing opportunities.
After this peak, the potential stabilizes, reflecting a balance between supply and demand for shared rides outside of peak commuting
times.

5.4. The analysis of mileage reduction through taxi sharing

Taxi sharing has the potential to significantly reduce the total mileage of taxis in the city, averaging approximately 170,660.97 km
per hour and 1.1 km per taxi trip. However, it is important to note that not all shareable orders will result in a reduction in total
mileage. In fact, some may even lead to increased mileage. Statistics indicate that about 54.12 % of shareable orders could result in a
decrease in total mileage after sharing.

The daily patterns of taxi order numbers and travel distances, considering different sharing scenarios (one resulting in reduced
mileage and the other in increased mileage), reveal a notable disparity between workdays and non-workdays, as illustrated in Fig. 11.
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Fig. 8. The distributions of the numbers of taxi orders and the potential of taxi sharing in different functional zones.
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ing on workdays and non-workdays in the five

Specifically, between 7:00 and 19:00 on workdays, there is a significant prevalence of orders leading to a reduction in mileage
compared to those causing an increase. After 19:00, the order trends for both workdays and non-workdays remain relatively consistent
across the two sharing scenarios. However, after 21:00, it is observed that the number of orders leading to an increase in mileage might

surpass those causing a decrease.

From Fig. 12, it is evident that the mileage change caused by taxi sharing in different time periods is relatively balanced across
workdays and non-workdays, but there is a significant difference in the amount of mileage saved. On workdays, the saved mileage

ranges from 15,000 km to 30,000 km in different time periods, while on non-workdays, the

saved mileage mostly falls between 15,000

km and 25,000 km. Moreover, whether on workdays or non-workdays, except for the time period from 23:00 to 24:00, the mileage

reduction caused by taxi sharing is much greater than the mileage increase.
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Fig. 11. The daily changing patterns of the numbers of taxi orders on workdays and non-workdays across different sharing scenarios.
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Fig. 12. The daily patterns of mileage change for taxi orders on workdays and non-workdays across different sharing scenarios.

Additionally, our study reveals no significant difference in the distribution of travel mileage changes for taxi orders across sharing
scenarios, whether they resulted in increased or decreased mileage. Fig. 13 demonstrates that regardless of whether it is a workday or
not, the modifications in mileage resulting from sharing primarily fall within the range of 5-20 km, suggesting that taxi sharing
primarily impacts travel distances within this range. Furthermore, a comparison between workdays and non-workdays indicates that,
on workdays, orders resulting in reduced mileage due to sharing generally cover greater distances compared to those resulting in an
increase in mileage.

6. Discussion

This paper comprehensively studies the calculation model of the potential of taxi sharing, considering both the spatial and temporal
distribution of taxi sharing demand to gain a thorough understanding of taxi sharing. Conducting a comprehensive analysis of the
potential of taxi sharing provides valuable insights for enabling strategic planning and organizing of taxi sharing services. Moreover,
our analysis reveals that taxi sharing significantly reduces the original distance to be travelled, resulting in overall traffic and envi-
ronmental improvements. This study was conducted in Chengdu, and the spatial and temporal distribution characteristics of the
potential of taxi sharing may be different in other regions. However, the research methodology we have proposed is applicable uni-
versally, and this model framework can be used to study similar issues in different geographical areas.

We used Chengdu as a research case mainly for the following two reasons. On the one hand, this article aims to present a calculation
model for the potential of taxi sharing and to understand its changing patterns in both temporal and spatial dimensions. It has been

14



B. Hu et al. Heliyon 10 (2024) 29888

Increase in mileage

Decrease in mileage

10

Order counts (thousand)

T T T T T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T T T T T T
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Distance (kilometers) Distance (kilometers)

(a) Workdays (b) Non-workdays

Fig. 13. The distribution of mileage change for taxi orders on workdays and non-workdays across different sharing scenarios.

demonstrated that Chengdu’s shared market has enormous potential but has not been fully explored [53]. Hence, we chose Chengdu as
our research subject and provide well-founded suggestions for the development of taxi sharing based on the research findings. This
study holds significant importance for enabling government departments to regulate the taxi market accurately and to plan shared taxi
operations according to local conditions. On the other hand, Chengdu holds a vital position in the development of transportation in
China. As a comprehensive transportation hub city, Chengdu plays a crucial role in regional coordination and convenient trans-
portation. There are ambitions to develop it into an international comprehensive transportation hub city. Therefore, many scholars
tend to choose Chengdu as their research subject when studying issues related to urban transportation [32,54].

The choice to utilize data from traditional taxi services in August 2014 was strategically made, despite its limitations. This decision
leveraged the superior availability and reliability of traditional taxi data compared to emerging ride-hailing platforms at the time of
research, providing a comprehensive dataset for in-depth analysis. By focusing on this period, our research captures a crucial moment
in China’s urban mobility landscape—just before the rapid expansion of ride-hailing platforms like Didi and Uber—offering critical
insights into passenger travel behaviors and the dynamics of taxi sharing during the platforms’ nascent stage. Moreover, selecting
August, a peak tourist season in Chengdu characterized by high passenger flow, allowed us to explore the full potential of taxi sharing
and its role in addressing urban transport challenges during periods of high demand. This dual focus not only reflects the strategic
considerations behind our data selection but also aligns with our goal to provide targeted insights and recommendations for enhancing
shared mobility services. Consequently, our study contributes to the broader discourse on optimizing urban transport solutions amidst
evolving mobility trends.

The purpose of this paper is to examine the potential demand for taxi sharing, which refers to the maximum proportion of taxis that
could be shared if all parties were willing to participate. Recent statistics indicate that China’s shared mobility market reached 201.2
billion RMB in transactions in 2022, with a growth rate 3.9 % higher than the national economic growth rate [55]. Fluctuo found that
shared mobility generated 3.1 billion euros in revenue in 2022 and has become increasingly popular on European streets [56]. These
findings highlight that shared transportation has gradually become one of the primary modes of commuting for urban residents. It is
reasonable to believe that a substantial portion of individuals would be open to sharing a taxi with fellow passengers. Moreover,
relevant governmental bodies and platforms could implement incentivizing measures to further encourage people to engage in taxi
sharing. This would contribute to realizing the maximum potential of taxi sharing and thereby advancing a sustainable urban
transportation system.

6.1. Model comparison

Taxi sharing algorithms can be categorized into two main types. The first type relies on fixed collection points, where carpool
passengers gather before being taken to another predetermined drop-off point nearby [4]. This differs from the model in our study,
where taxis offer door-to-door service, prioritizing passenger convenience and aligning closely with practical taxi sharing. The second
type focuses on logistical optimization through heuristic algorithms, aiming to reduce fleet size or minimize mileage [37,39]. While
this involves picking up and dropping off multiple passengers along the route, neglecting the cumulative impact on travel time may
reduce passenger comfort and satisfaction. Our model assumes each ride can only be shared once and sets a limit on additional travel
time, aiming to enhance passenger satisfaction. This ensures comfort and makes taxi sharing more appealing for commuters by
balancing efficiency and user experience. In conclusion, our algorithm represents a significant advancement in taxi sharing. By
addressing the critical balance between operational efficiency and user satisfaction, it prioritizes convenience, reduces environmental
impact, and ensures passenger comfort. This innovative approach sets a new standard for urban mobility solutions, offering more
sustainable and passenger-friendly transportation options.
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We now compare our findings with prior studies. Our research shows that the potential of taxi sharing is inversely correlated with
average traffic speed, which is similar to some earlier research results [30,57]. On the contrary, regional economic development and
population density may exert a considerable influence on the potential of taxi sharing across different administrative districts. This
corresponds to previous findings [58]. Notably, functional zones like those for Transportation Services and Tourist Attractions exhibit
high sharing potential, consistent with the conclusions of Cheng et al. [32]. They argue that bus stations, train stations, airports, and
recreational areas positively impact demand.

6.2. Countermeasures

Currently, the domestic taxi sharing industry faces several challenges to its development. Exploring effective measures for boosting
demand for taxi sharing could significantly contribute to the sustainable growth of the urban economy and transportation. Based on
the results acquired in this study, a range of valuable insights can be derived.

It is evident that there is a notable difference between the percentage of shareable orders (97.77 %) and the percentage of shareable
mileage (31.28 %). This is primarily due to the fact that approximately 45.88 % of shareable orders result in an increase in the total
travel distance, leading to a smaller sharing portion and some inefficient sharing trips. To achieve the economic and environmental
benefits of taxi sharing, government authorities should implement measures to promote shared trips that contribute to a reduction in
total travel distance. This could include policies such as encouraging taxi sharing operations between 7:00 and 19:00 on workdays and
discontinuing the service between 23:00 and 24:00 on both workdays and non-workdays. Furthermore, in central urban areas like
Wuhou, Jinniu, and Qingyang, there is untapped potential demand for commuting via taxi sharing. Government authorities could
further encourage travelers to utilize taxi sharing through increased education and awareness campaigns, fully capitalizing on the
potential sharing market.

Taxi sharing enhances service availability in the transportation market, catering to diverse travel demands. This paper offers
valuable information that can assist taxi sharing platforms in making informed decisions. Firstly, platforms should prioritize efficient
passenger-to-taxi matching and route planning to establish standardized and orderly sharing strategies. This would minimize wait
times for passengers and provide financial and time gains for drivers. Secondly, operating platforms should recognize the high po-
tential demand for taxi sharing in specific functional areas. They should allocate vehicles accordingly. For instance, areas where there
are enterprises, motorcycle services, and transportation services, with a high sharing potential, should be equipped with more vehicles
and drivers. Finally, platforms could introduce dynamic pricing models to incentivize passengers during peak demand hours and in
busy regions, such as 7:00-9:00 on workdays and 21:00-23:00 on non-workdays in Jinjiang.

Taxi drivers and the general public could also glean meaningful perspectives from our study. For drivers, strategically positioning
themselves near busy transportation hubs, like bus stops or subway stations, during peak times of passenger flow, could greatly
enhance the likelihood of picking up shared rides, due to the greater convenience and timeliness. Moreover, aligning work and rest
schedules with the spatiotemporal patterns of the potential of taxi sharing could provide a competitive edge. For instance, drivers could
proactively operate during peak hours from 7:00-9:00 and 13:00-15:00 on workdays, while scheduling breaks during periods of lower
sharing potential, such as 6:00-7:00 and 12:00-13:00 on workdays. As for the public, it is essential to understand that participating in
taxi sharing not only reduces travel expenses but also carries positive environmental implications, by ultimately shortening overall
travel distances. This awareness could motivate passengers to actively engage in taxi sharing.

Through the implementation of these recommendations, governments, drivers, platforms, and the public could collectively opti-
mize taxi sharing services. This collaborative effort would not only enhance economic efficiency but also contribute to a more sus-
tainable and environmentally conscious urban transportation system. Ultimately, these measures would pave the way for a greener,
more efficient, and socially responsible urban economy.

7. Conclusions

To gain insights into the potential demand for taxi sharing, we first proposed conditions for identifying shareable taxi orders based
on the origin and destination, using GPS tracking data from taxis operating in Chengdu, Sichuan Province. Then, we presented a three-
phase computational model to find the optimal match among all possible shareable orders that meet the defined sharing conditions.
This model aims to calculate the potential shared mileage and the proportion of original mileage that could be shared. Furthermore,
our analysis explored the temporal and spatial dynamics of taxi sharing demand, revealing its fluctuating patterns within an urban
context.

Our findings indicate a significant potential for taxi sharing in Chengdu, albeit with an uneven distribution across different times
and areas. Notably, the demand for taxi sharing is higher on workdays, with distinct peak periods, and is concentrated primarily within
the urban core. The study also reveals a complex interplay between the potential of taxi sharing and factors such as traffic speed, order
volume, economic development, and population density. Furthermore, we discovered that certain areas, specifically those related to
business and transportation services, have a pronounced positive effect on the viability of taxi sharing.

Compared to the traditional taxi operating mode, we have confirmed that taxi sharing brings about a reduction in total travel
mileage. In addition to reducing total travel mileage, taxi sharing could play a pivotal role in carbon emission reduction. By optimizing
travel routes and minimizing unnecessary mileage, taxi sharing not only enhances transportation efficiency but also contributes
significantly to urban sustainability efforts. The adoption of taxi sharing could serve as a key strategy in the broader context of reducing
vehicular emissions, aligning with global objectives to combat climate change.

Though our study offers valuable insights, it also faces several limitations. These include the reliance on a heuristic matching
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algorithm that may not always yield the optimal solution and the oversight of taxi sharing’s impact on other transportation modes.
Additionally, the use of data from 2014 may not fully reflect the recent shifts in urban mobility trends. Future research will refine the
matching algorithm and explore the interplay between taxi sharing and alternative transportation, incorporating the latest data
available. This effort aims to deepen our understanding of urban residents’ potential demand for taxi sharing. Ultimately, we seek to
provide actionable recommendations to government authorities for optimizing taxi services and promoting the sustainable devel-
opment of urban transportation systems.
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