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Abstract: The combination of online car-hailing ride-sharing services and subway can not only achieve 

complementary advantages of two travel modes in terms of service functions but can also amplify the energy-saving 

and emission-reducing benefits of shared mobility. Based on the operational data of carpooling and hitchhiking 

services within the DiDi Chuxing ride-sharing platform in Beijing and the automatic fare collection (AFC) system 

of Beijing Subway, this paper conducts a comprehensive analysis of the competitive and cooperative relationship 

between ride-sharing services and the rail transit. Employing the non-negative matrix factorization algorithm, the 

paper identifies the extension commuting chain and develops a fuel-saving estimation model considering factors 

such as fuel economy index and vehicle operating conditions. Applying this method to Beijing, the paper reveals 

that most car-sharing orders involve competition and extension with subway. Conversely, ride-sharing orders 

primarily extend the reach of subway, with the extension commuting chain predominantly serving suburban 

commuters by offering subway connection services. Notably, hitchhiking proves to be more fuel-efficient than 

ride-sharing. The commuting chain that combines “online car-hailing ride-sharing + subway” primarily originates 

from suburban areas without subway coverage, with an average fuel-saving rate surpassing 50%. Furthermore, the 

travel chain of “hitchhiking + subway” demonstrates superior fuel-saving benefits compared to the travel chain 

combining “ridesharing + subway”. It is suggested that managers should adopt policy measures such as expense 

allowances and parking discounts to encourage the development of the “online car-hailing ride-sharing + subway” 

commuting travel mode. Such measures will enable more urban residents to benefit from green and efficient 

integrated mobility services. DOI: 10.13813/j.cn11-5141/u.2023.0010-en 
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0 Introduction 

As the mobile Internet and the sharing economy come to 

popularize, online ride-sharing services based on online 

taxi-hailing platforms have emerged, and have been accepted 

by an increasing number of travelers. The conventional 

carpooling between acquaintances is gradually changing to 

that between strangers who use the ride-sharing platform. 

Online car-hailing ride-sharing, as a new-style transportation 

mode, is gradually integrated into in the urban 

comprehensive transportation system and plays an 

increasingly important role in it. Ride-sharing platforms have 

developed various carpooling modes according to travel 

demands, the two most important of which are carpooling 

and hitchhiking. Carpooling mode means that a full-time 

ride-hailing driver carries two or more groups of passengers 

consecutively or simultaneously to complete a journey, while 

hitch-hiking mode refers to picking up passengers when a 

non-full-time driver travels by private car. Currently, research 

on online car-hailing ride-sharing mainly focuses on the 

matching mode, the competition and cooperation relationship 

with other modes of transportation, and the fuel-saving 

benefits. This paper mainly analyzes the relationship between 

online car-hailing ride-sharing and subway as well as the 

fuel-saving benefits it brings. 

The rise of online taxi-hailing services poses some impacts 

on conventional public transportation. Existing studies have 

extensively discussed the interactions between online 

ride-hailing and public transportation services, especially the 

competitive and complementary relationship between online 

ride-hailing and subway. Some studies focus on the 

connection services of online ride-hailing and subways. Jin S. 

T. et al. [1] pointed out that online ride-hailing could solve the 

“last mile” problem faced by public transportation. Chen P. 

W. et al. [2] constructed a multimodal transport path 

optimization model based on the integrated operation of 

online car-hailing and public transportation and proved its 

validity. Other studies focus on the impacts of online 

ride-sharing services on choices of transportation modes or 



 

© 2023 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd. 2 

structures. Y. Babar et al. [3] argued that Uber had replaced 

road-based short-distance public transit and supplemented 

rail-based long-distance one. Shi X. Y. et al. [4] found that the 

emergence of online ride-sharing resulted in a decrease in 

passenger volume of bus and an increase in that of subway. 

Jiang S. X. et al. [5] classified the interactions between the taxi 

and subway into three categories, including competitive type, 

extended type and complementary type. In addition, the 

impacts of online car-hailing ride-sharing on the environment 

have also received great attention from researchers. 

Energy consumption and emissions of online car-hailing 

ride-sharing was compared with driving alone or taking a taxi 

in many studies, and a conclusion that the carpooling travel 

was more environmentally-friendly was drew. Yin B. et al. [6] 

found that online car-hailing ride-sharing had a more obvious 

role in decreasing the emissions of CO2 in the long-distance 

travel. Yu B. Y. et al. [7] analyzed the order data of the DIDI 

HITCH in Beijing, pointing out that hitchhiking services had 

contributed to annual energy consumption reduction by 26.6 

million t, CO2 emissions by 26.6 million t, and NOX 

emissions by 235.7 t. Liu X. B. et al. [8] established a fuel 

consumption calculation model for hitchhiking that included 

fuel economy, passenger capacity, average weight, distance 

traveled on each section of the road of vehicles and other 

parameters. The fuel saving ratio was achieved after 

comparing the calculations of the model with the fuel 

consumption of driving a private car alone. In contrast, some 

researchers claimed that online car-hailing ride-sharing had a 

negative impact on the environment. D. N. Anderson [9] 

argued that online carpooling services for profit may not have 

the advantage of protecting the environment when compared 

with conventional taxies which were well-regulated and had a 

relatively clean energy source. Jin S. T. et al. [1] considered 

that online car-hailing ride-sharing replaced both traditional 

taxies and other modes of transportation, such as public 

transportation, walking, bicycling, etc, which may lead to 

more serious environmental pollution. Obviously, due to 

differences in investigation objectives and research methods, 

no consensus has been reached on the findings of interactions 

between online car-hailing ride-sharing and public 

transportation and the energy saving and emission reduction 

effects of online car-hailing ride-sharing. 

The combination of online car-hailing ride-sharing 

services and subway can not only achieve complementary 

advantages of two travel modes in terms of service levels and 

social benefits but can also amplify the fuel-saving benefits 

of mobility, which is a multi-modal travel method that 

deserves popularization. However, there is a lack of 

quantitative research based on actual data on the 

identification of travel chain of online car-hailing 

ride-sharing connecting subway and its benefits of energy 

saving and emission reduction. In addition, carpooling and 

hitchhiking modes are significantly different in terms of 

operation modes and travel characteristics, so most studies do 

not make a clear distinction between them. 

Therefore, this paper conducts a data-driven empirical 

study on carpooling and hitchhiking, the two major online 

car-hailing ride-sharing modes, to analyze the competition 

and cooperation relationship between online car-hailing 

ride-sharing and subway, to identify the extension 

commuting chain of subway and put forward a fuel-saving 

estimation model for online car-hailing ride-sharing that 

considers fuel economy indicator and vehicle operation 

status, so as to asses fuel-saving benefits of commuting trip 

chain. The above methodology is applied to the case of 

Beijing and policy recommendations for the differentiated 

development of carpooling and hitchhiking are proposed to 

promote the sustainable, coordinated and standardized 

development of shared mobility. 

1 Data pretreatment 

1.1 Data sources 

The online taxi-hailing order data in this paper comes from 

the DiDi Chuxing ride-sharing platform, and data type 

includes carpooling and hitchhiking, of which the data of 

carpooling is extracted within the express order based on 

space-time relationship between two groups of orders. The 

time span of express order adopted in this paper was October 

1–30, 2017 and the space span was in the whole area of 

Beijing, involving about 27.67 million user travel records. 

Each data contains passenger’s order ID, time of departure 

and arrival, GPS longitude and latitude of the origin and 

destination, GPS longitude and latitude of driver’s origin, 

distance of the driver from the passenger’s origin, navigation 

distance of the passenger’s travel, actual distance of the 

passenger’s travel, travel cost and other attribute fields. The 

spatial and temporal scope of the order data of hitchhiking is 

consistent with that of express, involving a total number of 

about 2.43 million records of user travels, which include data 

of passengers and drivers and fields are OD temporal and 

special information of passengers and drivers. 

In addition, this paper adopts the data from the Automatic 

Fare Collection (AFC) system of Beijing Subway for a week 

from March 7 to March 13, 2016. The AFC can automatically 

record passenger’s IDs, names of entrance and exit stations 

and timestamps. This system has recorded more than 35 

million passenger travels during this week. Between 2016 

and 2017, there were few newly opened subway stations in 

Beijing, which had a negligible impact on the demand 

distribution of the subway network. 

1.2 Data pretreatment 

An exception may occur when the order data of 

ride-sharing platform was collected and stored. Therefore, 

data cleaning should be carried out first to eliminate 

abnormal data, including null values, duplicated data and 

one-sided order data. In addition, data of carpooling should 
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be extracted from the data of express. The specific process is 

as follows. 1) Sort the order data of express according to the 

driver’s ID to ensure that multiple orders of the same driver 

are adjacent, namely, to find out all the orders of each driver 

in a month and group them together; 2) sort all the orders of 

each driver by time from the morning to the evening; 3) 

retrieve the orders sequentially, with two adjacent orders each 

time; 4) if two adjacent orders belong to the same driver and 

the two orders overlap in time, namely, the start time of the 

latter order is earlier than the end time of the former order by 

more than 3 min, the two orders are considered to be a set of 

carpooling orders. 

2 Identification method of multi-modal travel 

chain for online car-hailing ride-sharing and 

subway 

2.1 Classification of competition and cooperation 

relationship between online car-hailing and subway 

This paper explores the competition and cooperation 

relationship between online car-hailing and subway from the 

perspective of travel data mining. Relevant studies believe 

that taxi trips that could be completely replaced by the 

subway belong to the competition category while taxi trips in 

which one end of the trip is within the subway service range 

and the other end is beyond the range belong to the 

cooperation category [10]. Referring to the above 

classification methods, this paper conducts the following 

specific classification methods for the competition and 

cooperation relationship between online car-hailing and 

subway: if the origin and destination of a passenger are both 

within the walking radius of a subway station in the 

carpooling order, it is a subway-competing carpooling travel; 

if either the origin or destination of a passenger is within the 

walking radius of a subway station, it is a subway-extending 

carpooling travel; if neither the origin nor the destination of a 

passenger is within the walking radius of a subway, it is a 

subway-supplementary carpooling travel (Fig. 1). The 

subway-extending carpooling travels can be divided into two 

types according to the fact that the origin and the destination 

are within the radiation range of the subway station, namely, 

away from the station and close to the station. References [5, 

11] set the walking radius of a subway station as 1 km. 

 

Fig.1 Illustration of the competition and cooperation relationship 

between online car-hailing ride-sharing and subway 

It should be noted that if one section of the passenger’s 

travel is within the metro service area, the passenger is 

actually considered to be a cooperative category. But in 

reality, the passenger may not necessarily use online 

car-hailing to connect with subway, and the area near the 

station may just be the origin or destination of the passenger’s 

travel. However, according to the characteristics of 

passenger’s travel, online car-hailing travel that connects to 

areas nearby the subway is more likely to belong to a 

passenger-cooperative category. In the subsequent 

identification of the commuting trip chain of “ride-sharing + 

subway”, information like land use and travel purpose will be 

introduced to more accurately determine whether cooperative 

passengers are connected to the subway or not. 

2.2 Non-negative matrix factorization algorithm- 
based extension commuting trip chain identification 

To identify the commuting trip chain of “online 

ride-sharing + subway”, the basic trip patterns of passenger 

groups who use online car-hailing should be found. As for 

high-dimensional spatial-temporal databases of trip, matrix 

decomposition can be applied to identify the basic trip 

patterns, such as principal component analysis, singular value 

decomposition and non-negative matrix factorization (NMF) 
[12]. NMF can make all decomposed components 

non-negative, while realizing the dimensionality reduction of 

non-linearity, which has become the main means to study trip 

patterns. 

In this paper, NMF algorithm is applied to identify the 

basic trip patterns of passenger groups who use online 

car-hailing. First, a grid model is constructed for the range of 

study to generate a space-time matrix that considers trip time 

and volume. Each grid is numbered as (i, j), indicating that it 

is located in the i-th row and j-th column. The total number 

grid rows in the range of study is assumed to be p and the total 

number of columns is q, so i ∈ [1, p] and j ∈ [1, q] can be 

achieved. As for trip time issue, the time slice of the order is 

set to 24 slices and each slice is 1 h, which is represented by t, 

namely, t ∈ [1, h], h = 24. According to the above method, the 

number of online car-hailing ride-sharing departure and 

arrival orders per hour per grid can be obtained, thus forming 

a transportation demand matrix: 

 

The above matrix can reflect the basic trip pattern of spatial 

and temporal characteristics in each grid of the study area. 

The matrix is factorized using the NMF method, namely, Vpq × 

h= Spq × hBλ × h. 
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In this paper, the coefficient matrix Spq × h and basis matrix 

Bλ × hare constructed from the perspectives of space and time, 

respectively, enabling the product of the two low-order 

matrices is close to the original transportation demand 

matrix. The basis matrix Bλ × h represents the basic trip 

pattern, and the coefficient matrix Spq × h is used to describe 

the proportion of various basic trip patterns within a region. 

In this way, the trip pattern Vijof any grid (i, j) can be regarded 

as a linear combination of multiple basic trip patterns, 

namely: 

 

The NMF algorithm minimizes differences (Euclidean 

distance) between two matrices through continuous 

iterations. The application of non-negative matrix 

factorization to the order data of online car-hailing 

ride-sharing can not only extract several basic trip patterns of 

carpooling users, but also determine the land use of the grid 

through the proportion of different patterns in the total trip 

volume, so as to classify the commercial land or residential 

land. A key issue in the NMF algorithm solution and analysis 

is to determine the number of basic trip patterns λ. The value 

of λ is usually between 2–4 when analyzing transportation 

and land use problems in previous studies [11]. After finding 

the basic trip patterns of carpooling and hitchhiking, this 

paper filters out the residential grids with strong commuting 

demands according to the coefficient matrix, namely, the 

grids with a large proportion of residential land and a high 

degree of separation of residents’ workplace and residence. 

Subway AFC can reflect passenger’s trip within the 

subway network and can assist in the study of competition 

and cooperation relationships. In this paper, the indicator 

passenger flow ratio of entrance and exit stations during 

morning peak is proposed to represent the functional 

characteristics of subway stations and to classify subway 

stations. The calculation formula is as follows: 

 
where, rk is the passenger flow ratio of entrance and exit 

station k in the morning peak; Pk
in is the passenger entry 

flow/(person·h-1) at station k in the morning peak, and Pk
out is 

the passenger exit flow/(person·h-1) at station k in the 

morning peak. Stations with rk> 2 are defined as residential 

stations, with 0.5 ≤ rk ≤ 2 are as balanced stations and with rk< 

0.5 are as working stations. In this paper, online car-hailing 

orders that connect residential grids and residential subway 

stations are defined as extension commuting trip chains, thus 

realizing the identification of multi-modal commuting trip 

chains of online car-hailing ride-sharing and subway. 

3 Fuel saving estimation model 

3.1 Fuel saving estimation model for online car- 
hailing ride-sharing trip 

In evaluating the fuel-saving level of ride-sharing services, 

the fuel consumption of cars is taken as a benchmark, and it is 

assumed that all passengers using ride-sharing services are 

potential users of car trips. Based on the above preconditions 

and assumptions, this paper proposes the concept of fuel 

saving ratio, namely, the ratio of the fuel consumption saved 

by ride-sharing trips compared to traveling alone in a 

carpooling process to the actual fuel consumption of the 

carpooling trips. The calculation formula is as follows: 

 
where, FCar

C is the fuel consumption/L when the two groups 

of passengers are assumed to travel by car but do not share 

the ride; FR
C is the actual fuel consumption/L of the two 

groups of passengers who are carpooling. 

The fuel-saving ability of ride-sharing is mainly achieved 

by increasing the passenger load factor of vehicles and 

reducing the total mileage of vehicles while meeting trip 

demands. A small vehicle providing ride-sharing 

transportation services may have driver-idle state, 

one-group-of-passenger carrying state and 

two-groups-of-passengers carrying state. Therefore, the 

travel distance and load capacity in each state need to be 

determined in a process of fuel-saving estimation. The 

calculation formula for the fuel consumption of online 

car-hailing ride-sharing trips is as follows: 

 
where, n is the number of passengers/person; FEn is the fuel 

economy/(L·km-1) of vehicles with n passengers; VKn is the 

travel distance/km of vehicles with n passengers. 

Due to the large randomness of passenger weights, the 

product of the number of passengers and the average weight 

of passengers is applied to roughly estimate the load capacity 

of vehicles. According to relevant data [13–15], the fuel 

economy FE of an empty passenger car is about 7.04 L·10-2 

km-1 and the linear relationship between fuel economy and 

load capacity change is measured by the parameter RWF= 

0.3024 L·10-2 km-1·person-1. Therefore, the fuel economy of 

vehicles with n passengers is FEn= FE + nRWF. 

After grasping the fuel economy indexes of vehicles with 

different number of passengers, the vehicle running status 

should be categorized and travel distance of both carpooling 

and hitchhiking in different statuses should be calculated to 

carry out the fuel-saving estimation for ride-sharing trips in 

terms of orders. 

Similarly, the energy consumption of passengers taking 

the subway can be calculated: 
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where FURT

C is the assumed energy consumption/L of 

passengers taking the subway; FEURT is the fuel economy 

index that is converted into fuel consumption/(L·km-1); β is 

the detouring index for the subway network compared to the 

road traffic network (cars); dNavigation is the navigation 

distance/km of passenger trips in online car-hailing order 

data; and m is the number of passengers within an order. By 

reviewing references, the path detour conversion index for 

Beijing Subway is 1.0 [8], and the fuel economy index for 

subway is about 0.4 L·person-1·10-2km-1 [16]. 

3.2 Fuel saving estimation model for extension 

commuting trip chains 

As for two groups of passengers within a carpooling trip or 

drivers and passengers within a hitchhiking trip, the 

commuting trip chains may include the following 

combination forms: connection + connection, connection + 

nonstop, nonstop + connection, and nonstop + nonstop. To 

identify subway trips in the trip chain, which subway station 

to exit should be determined for carpooling passengers who 

need connection services to the next station. Based on the 

passenger transfer time information of AFC data, the 

connection stations that correspond to the exit station and 

flow distribution of all subway passengers should be first 

obtained, and then exit stations are assigned randomly for 

connection of online car-hailing ride-sharing passengers 

according to human traffic distribution of exit stations to 

ensure that the simulated trip chain is as close as possible to 

the actual commuting trip. 

During a commuting ride-sharing trip with two groups of 

passengers, the sum of fuel consumption FR
C for carpooling 

services and that for taking the subway is defined as the fuel 

consumption of the commuting trip chain FChain
C. The 

calculation method of fuel consumption of commuting trip 

chains with different patterns is as follows: 

1) Connection + connection 

Both two groups of passengers share the car or hitch a ride 

to arrive in the area within the range of residential metro 

station and connect to the subway station. Subsequently, they 

enter the subway system and arrive at the assigned subway 

stations. The fuel consumption of this commuting trip chain 

is represented as 

 
where FURT

C, Group1 and FURT
C, Group2 are the fuel 

consumption/L of two groups of passengers taking the 

subway in a carpooling trip, respectively. 

2) Connection + nonstop 

As for carpooling services, passenger group 1 share the car 

to arrive in the areas within the range of a residential subway 

station and connect to it; passenger group 2 carpool with 

others to get directly to their workplace without taking the 

subway. In the case of hitchhiking, the driver drives the car to 

reach the area within the range of a residential subway station 

and connects to it, and the passenger arrives at the workplace 

directly by hitching a ride without taking the subway. The 

fuel consumption for this type of commuting trip chain is 

represented as: 

. 

3) Nonstop + connection 

As for carpooling, passenger group 1 carpool directly to 

the workplace without taking the subway; passenger group 2 

carpool to reach the area within the range of a residential 

subway station and connect to it. As for hitchhiking, drivers 

drive the car directly to the workplace of passengers without 

taking the subway and passengers hitch a ride to reach the 

area within the range of a residential subway station and 

connect to it. The fuel consumption for this type of 

commuting trip chain is represented as: 

 
After calculating the fuel consumption FChain

C of 

commuting trip chain for different patterns, the fuel saving 

ratio of extension commuting trip chain can be calculated: 

 
In terms of the fuel consumption FCar

C that is assumed in a 

scenario that all online car-hailing ride-sharing passengers 

travel alone by car, FCar
C can be calculated according to the 

navigation distance field of the carpooling trip if the trip of 

passengers is completed only by carpooling. If the trip of 

passengers is completed by a combination of online 

car-hailing ride-sharing and subway, the navigation distance 

between the origin of passenger and the exit station of 

subway is used as a distance index to estimate the fuel 

consumption. 

4 Research results 

4.1  Trip characteristics of “online car-hailing 

ride-sharing + subway” 

The number of orders that involve competition and 

extension with subway is comparatively large in carpooling 

services, both of which exceed 40% of the total. The number 

of orders that extend the reach of subway is large in 

hitchhiking services, exceeding 50% of the total. This result 

is related to the spatial distribution of these two types of 

online car-hailing ride-sharing services. Carpooling orders 

are concentrated in the center of a city, while hitchhiking 

orders are scattered in the periphery of a city. As the metro 

network in Beijing has a “checkerboard + circular radial” 

layout, the net density of city center is much higher than that 

in the periphery of a city, which results in higher proportion 

of competition with subway carpooling orders than that of 

competition with subway hitchhiking orders. The proportion 
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of competition with subway carpooling orders is much higher 

than that of competition with subway ride-hailing orders. 

From the perspective of average transportation distance, the 

average transportation distance of extension with subway 

orders is the longest. In carpooling orders, the average 

transportation distance of extension with subway is longer 

than competitive-type and supplementary-type and that of 

competitive-type is longer than that of supplementary-type. 

In hitchhiking orders, the average transportation distance of 

extended-type is longer than that of supplementary-type and 

that of supplementary-type is longer than that of 

competitive-type (see Table 1). 

All trip stations within the range of a subway station are 

gathered to the nearest subway station, while all trip stations 

beyond the range of a subway station are gathered to the grid 

center where they are located. Based on this method, main 

service intervals of metro-extended carpooling and 

metro-extended hitchhiking are mapped in this paper, and the 

top 300 OD intervals with the largest order volumes are 

shown in Fig. 2. It can be seen that the ODs of 

metro-extended carpooling and hitchhiking orders represent 

the characteristic of dispersion from the peripheral metro 

stations to the urban outer areas, but the dispersion range of 

carpooling orders is smaller than that of hitchhiking orders, 

that is, the average transportation distance of carpooling is 

smaller than that of hitchhiking. Additionally, the subway 

stations connected by carpooling are closer to the city center 

than those connected by hitchhiking. For example, a large 

number of metro stations on the line 10 are connected by 

carpooling orders, but the subway stations connected by 

hitchhiking are mostly located in radial subway lines in the 

periphery of a city. Therefore, it is hypothesized that both 

carpooling and hitchhiking can provide connection services 

to subway stations for passengers in suburban areas without 

the coverage of subway. Compared with subway-competitive 

hitchhiking, subway-extended hitchhiking has a larger 

number of long-distance orders and longer average 

transportation distance, with an average transportation 

distance being about 23.65 km. 

Departure time distribution of weekdays in 

subway-extending online car-hailing ride-sharing orders is 

shown in Fig. 3. Subway-extending type orders are 

categorized into near-station and far-from-station types 

according to corresponding directions, both of which have 

two different peaks in the morning and evening. The number 

of near-station orders peak mainly in the morning, while that 

of far-from-station orders peak mainly in the evening, which 

is determined by commuting characteristics of residents. 

During the morning rush hour, lots of people need to use 

online car-hailing ride-sharing services in the suburbs for 

connection to subway stations to work in the city, and vice 

versa in the evening peak. 

Tab. 1  Statistical results of the classification according to 

interaction with subway and online car-hailing ride-sharing 

services 

 

Fig. 2 Spatial distribution of subway-extending online car-hailing ride-sharing trips 
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Fig. 3 Distribution of departure time of subway-extending online car-hailing ride-sharing order on weekdays 

4.2  Result for identification of extension 

commuting trip chain 

The distribution of basic trip patterns of carpooling and 

hitchhiking under different values of λ was plotted (Fig. 4 and 

Fig. 5). It can be seen that when the value of λ is taken as 3 for 

carpooling and 2 for hitchhiking, all basic trip patterns can be 

identified and repeated extraction of similar patterns can be 

avoided. The distribution of basic trip patterns is 

comparatively stable. The basic trip patterns of carpooling 

can be divided into three categories: morning peak, evening 

peak and nighttime, which correspond to pattern 1, pattern 2 

and pattern 3 in Fig. 4b. The basic trip patterns of hitchhiking 

can be divided into two categories: morning peak and 

evening peak, which correspond to pattern 1 and pattern 2 in 

Fig. 5a, indicating that hitchhiking trips are mainly targeted 

for commuting services, while carpooling trips can serve for 

both commuting and nighttime trips. 

After identifying the basic trip patterns of carpooling and 

hitchhiking, the residential grid is connected to the residential 

subway stations so that extension commuting trip chain can be 

identified. The proportional distribution of morning peak 

pattern trips of carpooling and hitchhiking to total trips is 

shown in Fig. 6, with the redder color representing the higher 

proportion of the morning peak pattern, namely, the stronger 

residential land attribute of the grid. In some major commercial 

or work areas in Beijing, such as Financial Street, Wangjing, 

Guomao, Xi’erqi, and Fengtai Science Park, people’s demands 

for online car-hailing trips are strong and the proportion of 

morning peak patterns are relatively low, which proves that the 

NMF method can classify residential land use as well as 

commercial and office land use. 

A key feature of extension with subway commuting travel 

chains is that the subway station used for connection is 

located between the commuter’s place of residence and the 

place of work, and there are not a lot of job opportunities 

surrounding the subway station. As a result, the author argues 

that online car-hailing trips during morning rush hour from 

residential grids to residential subway stations are more likely 

to be a part of the commuting travel chain. As for carpooling 

trips, grids with over 50% of the morning peak pattern are 

defined as residential grids, with a total of 1 125 grids. As for 

hitchhiking trips, grids with more than 70% of the morning 

peak patterns are defined as residential grids, with a total of 2 

270 grids. At the same time, online car-hailing ride-sharing 

orders in extension with subway in Section 4.1 are further 

filtered to retain the orders in which ODs are all within 

residential grids or stations and obtain the OD distribution of 

online car-hailing ride-sharing in commuting travel chain 

which is shown in Fig. 7. Notably, the vast majority of 

extension with subway online car-hailing ride-sharing during 

morning rush hour are concentrated between suburban 

subway stations and residential areas without subway 

coverage, which can better connect to the subway network 

and meet the diverse travel needs of commuters.

 

Fig. 4 The distribution of basis collective patterns for ride-sharing trips with different values of λ 
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Fig. 5 The distribution of basis collective patterns for hitchhiking trips with different values of λ 

 

Fig. 6 Proportional distribution of travel volume during the morning peak mode as a percentage of total travel volume 

 

Fig. 7 Carpooling OD distributions of ride-sharing in commuting travel chains 
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4.3  Fuel-saving estimation for extension with 

subway commuting trip chain: taking 

Tiantongyuan for instance 

Focusing on the commuting problem in suburban areas 

without subway coverage, Tiantongyuan area in Beijing is 

selected for the study. Tiantongyuan area is a large 

economically affordable housing project, which is located in 

the northern part of the city, about 20 km away from the city 

center. Tiantongyuan is well-known as a sleeping city with a 

serious problem of separation of workplace and residence. 

There is only one subway line in the area—Beijing Subway 

Route 5, which connects Tiantongyuan with central urban 

areas. Table 2 shows the passenger flow in subway stations 

during the morning rush hour at Tiantongyuan, which can be 

seen that four stations in this area are typical residential 

stations, and the number of passengers who enter subway 

station is much larger than that of passengers who exit 

subway station during the morning rush hour. To guarantee 

the accuracy of research results, the spatial range of 

Tiantongyuan (116.344–16.498°E, 40.042–40.253°N) is 

delimited and trips where the origin is within this area are the 

research objects. 

After screening, the number of carpooling trips that 

connect to subway stations achieves 1 991 during morning 

rush hour of weekdays, namely, a total of 3 982 carpooling 

orders. Fig. 8 shows the number and proportion of travel 

chains of various basic trip patterns. In terms of connection to 

subway trips, carpooling plays a bigger role than hitchhiking. 

The proportion of “connection + connection” type travel 

chain is the highest in carpooling trips, reaching 42%, while 

the proportion of “nonstop + connection” type travel chain is 

the highest in hitchhiking trips, achieving 53%, indicating 

that carpooling plays the main role in helping two groups of 

passengers connect to subway stations in “carpooling + 

subway” commuting travel chain, while hitchhiking in 

“hitchhiking + subway” commuting travel chain mainly helps 

passengers connect to subway stations. Most of drivers will 

drive to the workplace after dropping off passengers without 

having to transfer to the subway. 

First of all, fuel savings of online car-hailing ride-sharing 

trips are estimated. It is found that the average fuel saving 

ratio of carpooling is 18.25% and that of hitchhiking is 

43.84%, which indicates that hitchhiking is more 

fuel-efficient than carpooling in general. By analyzing the 

relationship between the fuel saving ratio and the 

vehicle-miles of travel during the trip, it is found that the 

average fuel saving ratio of carpooling orders comes to 

decrease as the vehicle-miles of travel increases. Meanwhile, 

the fuel saving ratio of hitchhiking comes to increase as the 

vehicle-miles of travel increases. Second, fuel savings of 

commuting travel chain are estimated. The fuel saving ratio 

of extension travel chain for carpooling and hitchhiking in the 

three modes is shown in Fig. 9. The average fuel saving ratio 

of commuting connection trips with various patterns is able to 

reach over 50%. For carpooling, the average fuel saving ratio 

of “connection + connection” pattern is significantly higher 

than that of the other two patterns, which also indicates that 

the combination of carpooling and subway can effectively 

reduce the energy consumption of travel. For hitchhiking, the 

average fuel saving ratio of the “connection + connection” 

pattern also ranks the highest, but the difference with the 

other two patterns is smaller. 

Tab. 2 Passenger flow at subway stations during the morning 

peak period in the Tiantongyuan area 

 

Fig. 8 Statistical analysis of extended commuting travel chain patterns during weekday morning peak hours 
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Fig. 9 Fuel-saving ratio of extended commuting travel chains 

Although the average transportation distance of 

hitchhiking is longer than that of carpooling and the travel 

distance before connecting to the subway is much longer, 

the average fuel saving ratio of “hitchhiking + subway” 

travel chain is still higher than that of “carpooling + 

subway”. The average fuel saving ratio of “connection + 

connection” pattern of hitchhiking ranks the top, which is 

consistent with carpooling pattern. The average fuel saving 

ratio for the “nonstop + connection” pattern is higher than 

that of “connection + nonstop” pattern, indicating that the 

fuel-saving benefits from connecting passengers to the 

metro network in hitchhiking are higher than that from 

connecting drivers to the metro network. In summary, both 

carpooling and hitchhiking can both help commuters to 

connect to the subway, and the commuting travel chain of 

“online car-hailing ride-sharing + subway” is able to save 

remarkable energy compared with driving a car all the way. 

Therefore, passengers should be encouraged to adopt this 

travel method. 

5 Conclusions 

Based on the actual operational data of carpooling and 

hitchhiking services and the AFC system of Beijing Subway, 

this paper analyzes the competition and cooperation 

relationship between online car-hailing ride-sharing and 

subway. NMF algorithm is utilized for identification of 

extended commuting travel chain, and then a set of 

fuel-saving estimation models for carpooling and hitchhiking 

is put forward that consider the fuel economy indexes and 

vehicle running status to estimate the fuel-saving benefits of 

extended commuting travel chain. Beijing is taken as a study 

case and the following conclusions are obtained: 

1) Carpooling orders mostly involve competition and 

extension with subway, while hitchhiking orders primarily 

extend the reach of subway. Either carpooling or hitchhiking, 

extension with subway orders have the longest average 

transportation distance. Competition with subway in 

carpooling services mainly meets the travel demands in 

central city, while competition with subway in hitchhiking 

services mainly satisfy the travel demands in the suburbs. 

The vast majority of extended commuting travel chains are 

connections to subway stations in suburban areas where are 

not covered by subway stations, providing commuters with 

connection services to the subway. 

2) There are certain differences of the fuel-saving level 

between carpooling and ride-sharing. The average fuel saving 

ratio of carpooling is lower than that of ride-sharing, and the 

fuel saving ratio of carpooling reduces with the growth of 

transportation distance. Conversely, the average fuel saving 

ratio of ride-sharing gradually increases as the transportation 

distance increases. The commuting travel chain of “online 

car-hailing ride-sharing + subway” can effectively reduce the 

energy consumption of commuters in suburban areas where 

has no subway coverage. The fuel-saving benefits of 

“ride-sharing + subway” travel chain is greater than that of 

“carpooling + subway”, and ride-sharing reflects the travel 

characteristics of passengers connecting to subway stations 

and drivers going directly to destinations. 

Both carpooling and ride-sharing have the advantages of 

flexibility and energy efficiency. They can serve suburban 

areas that lack subway coverage and provide suburban 

residents with access to the subway network as well as 

preventing traffic congestion caused by the influx of cars into 

a city. Therefore, administrators should adopt policy 

measures such as fare subsidies, parking discounts, etc. to 

promote the application of “online car-hailing ride-sharing + 

subway” commuting travel method to enhance the 

convenience of public transportation and give full play to the 

energy-saving advantages of online car-hailing ride-sharing, 

so that more urban residents can benefit from green and 

efficient integrated mobility services. 
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