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Thedistributionof high-quality customers (hereafterHQC) for taxis (including ride-hailing cars) has a significant impact ondrivers’
revenue and taxis’ operation efficiency. Based on the taxi global positioning system data, we construct an evaluation model of
passengers to discuss the imbalance of consumption in taxi market. The profit margin for each taxi order is calculated, and then a
grid-basedmethod is used to distinguish theHQCand the regionswith potential higher benefits.We analyze theHQC’s distribution
of taxis (including ride-hailing cars) in different areas and in different time periods.We find that theHQC are distributedmainly on
the periphery of themain urban area, which indicates that traffic condition is evenworse in the urban center because of factors such
as congestion. The HQC are more concentrated on workdays and more scattered on nonworkdays, which implies that the public
have different travel habits and demands on workdays and nonworkdays. The proportion of HQC in each administrative district or
functional zone is not always positively correlated to either the proportion of total orders or the total HQC. This indicates that the
distribution of HQC in each administrative district or functional zone is imbalanced.The proportion of orders and that of HQC are
roughly the same in the temporal dimension, being higher in themorning and evening rush hours. Compared with the distribution
of the HQC of ride-hailing, that of taxis is more imbalanced in the temporal dimension. Relevant departments should further
coordinate taxi pricing, strengthen market control, and promote sustainable development in the taxi and ride-hailing markets.

1. Introduction

Taxis are an important supplement in urban public trans-
portation. Compared with other traditional traffic modes,
they are more comfortable, flexible, and convenient with
full time [1]. In recent years, along with the development of
computer science and information technology, online ride-
hailing services (including taxis and some private cars) have
emerged to meet consumers’ travel needs. According to
official figures, the number of online ride-hailing users in
China has reached 336 million by the end of 2017 [2]. The
scale of the taxi market in China is becoming unprecedented,
but it is accompanied by a series of socioeconomic problems,
such as the imbalance of income between taxi drivers [3]
and the passenger themselves taking great risks [4]. With
the rapid expansion of online ride-hailing services, many
conflicts of interests between online ride-hailing vehicles and

traditional taxis have appeared and are becoming increasingly
acute [5].These conflicts result in shrinking of the traditional
taxi market [6] and decline in the income of taxi drivers [7].
Meanwhile, many violent incidents have broken out between
traditional taxi drivers and online ride-hailing drivers [8].
The existence of the conflicts above has significantly negative
impacts on order in the taxi market.

The traditional taxi market has typical oligopoly char-
acteristics [9]. However, the entry of the ride-hailing ser-
vices has broken the original balance in taxi market, thus
increasing the requirements for taxi market regulation. The
distribution of passengers in the taxi market is random,
dynamic, and complex, and it is imbalanced in both temporal
and spatial dimensions [10]. The distributional imbalance
not only aggravates the management of the taxi market [11]
but also affects its operating efficiency. The imbalance might
result in the waste of related resources and may also cause
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a shortage of demand and a concomitant excess supply in
the taxi market, that is, coexistence of difficulty in “taking
a taxi” and “finding customers” [12]. Thus, understanding
and then mastering the spatial-temporal distribution of taxi
passengers, especially the HQC, can improve passengers’
travel experience and promote the operational efficiency of
the taxi market. It is of great importance to optimize resource
allocation, promote resource utility effectivity, and improve
the refined management in the taxi market.

In recent years, with the development of the global
positioning system (GPS) and technology for analyzing big
data, it is becoming possible to use GPS real-time positional
data of taxis to study related problems. Previous research was
mainly concerned with (a) using trajectory data to obtain
traffic real-time status [13–15], passenger travel status [16, 17],
and personnel real-time flow [18, 19] to either predict urban
road congestion [20] or provide reference data for urban traf-
fic planning; (b) exploring the spatial-temporal distribution
characteristics related to traffic, such as the spatial-temporal
distribution of traffic travel supply and demand [21–25], the
spatial-temporal distribution of taxis and passengers [26],
the spatial-temporal distribution of the stream of people and
traffic flow [27–30], and occupational and residential traffic
[31], by studying the statistical rules of various elements of
transportation and providing either theoretical or technical
support for traffic management; and (c) the reality of taking
advantage of trajectory data to study the efficiency of taxi
operation and drivers’ service profit margins. Examples
are exploring the balance between urban taxi supply and
passenger travel to evaluate the operational efficiency based
on the capacity utilization data and vacancy data of taxis
[32, 33], studying the search behavior of taxis in vacancy
and simulating the effects of supply and demand balance for
taxis [34], establishing taxi and ride-hailing service models
to quantify drivers’ service profit margins to improve taxi
drivers’ revenue [5], and constructing a spatial-temporal
trajectory model of the balanced distribution with load to
optimize the information matching between passengers
and drivers and improve the operational efficiency of taxis
[35–37].

In summary, the previous studies based on taxi GPS
trajectory data have focused mainly on issues such as the
spatial-temporal distribution of passengers or vehicles, the
efficiency of taxi operations, and the profitmargins of drivers.
Despite the important achievements made by the study of
traffic positional data, there are relatively few studies explor-
ing the imbalance of the taxi market from the perspective
of passengers’ profit margins. Based on trajectory data, this
paper will construct a passenger evaluation model from
the perspective of profit margins, proposing the selection
conditions of HQC. Finally, this paper takes Beijing as an
example to compare the HQC’s spatial-temporal distribu-
tion of taxis and ride-hailing vehicles, which can explain
the imbalance of the taxi market. That can provide the
corresponding data and theoretical support for government
regulations and relevant departments to make decisions.
In other respects, it can also make an important contri-
bution to the sustainable development of the urban taxi
market.

2. Data Processing and Methodology

2.1. Data Processing. The Didi Service platform contains
565,582 orders for taxis and ride-hailing vehicles in Beijing,
including 91,986 orders for traditional taxis and 473,596
orders for online ride-hailing services. Cleaning the data,
such as deleting duplicate and inaccurate data, leaves 506,940
valid orders (74,686 taxi orders and 432,254 ride-hailing
orders) remaining. The trajectory data of the orders each
contain five fields: order ID (after desensitization treatment),
time stamp of the trajectory point, the corresponding longi-
tude coordinates, the corresponding latitude coordinates, and
instantaneous velocity.

HQC are mainly determined by passengers’ demand in
different grids, which are featured by the distribution of
OD trips at different locations and time. The distribution of
OD trips contributes to the service profit margin of taxis in
different regions and different time periods, which leads to
an imbalance in the distribution of HQC. As is well-known,
both the pick-up locations and the destinations are very
important for trips.With the service profitmargin calculated,
the pick-up locations and the destinations are included in
the model. However, when we distinguish the HQC points,
only the origins of trips are focused because these origins
reflect people’s travel demand to taxis. Therefore, we analyze
the distribution of HQC to understand the imbalance of the
taxi market based on passengers’ pick-up points. The process
of data preprocessing is as follows:(1)The travel time, travel distance, average instantaneous
speed, and low-speed travel time (the travel time of the
instantaneous speed less than 12km/h) are calculated for
each order. Due to the fact that a low-speed fare will be
charged if the speed is lower than 12 km/h, the bound-
ary of low-speed is set as 12km/h. And the geographical
location and the time of the passenger pick-up points are
recorded.(2)The latitude and longitude grids are divided and the
total number of orders is counted in each grid. Specifically,
the division standards take 39.4333∘N, 115.4167∘E as the origin
and take the ground distance of 100m, 500m, and 1km as
the side lengths, respectively. However, when the grid is
100m×100m, too many grids with only a single order occur
(more than 90%), resulting in insignificantly statistical results
for the distribution of HQC. We then divide the grid size
as 500m×500m and 1km×1km, respectively, and reach some
similar conclusions. Referring to previous partition methods
of grid [36, 38–40], we take the grid size of 1km×1 km as an
example to describe the results (please refer to the Appendix
Figures 7 and 8 for the details of results as per taking the grid
size as 500m×500m). Consequently, Beijing is divided into
31,150 latitude and longitude grids (the latitude span of each
grid is 0.009∘ and the longitude span is 0.01174∘). Based on
this, we can further record the center latitude and longitude
of each grid and count the total number of orders for each
grid.(3) The center latitude and longitude of each grid are
matched to the detailed address, to further classify the grids
into the administrative districts and functional zones (includ-
ing education, traffic, leisure, commerce, medical treatment,
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Table 1: Charge standard of Beijing taxi.

Category Fare
Base rate (0–3 km) 13 yuan
Mileage fee 2.3 yuan/km

Low speed fee Below 12 km/h: added 2 km’s rental per 5 minutes during the morning and evening rush hours,
added 1 km’s rental during other times (excl. empty cruise fee)

Empty cruise fee Over 15 km carrying passengers one way, added 50% of the basic unit price; round-trip passengers
(the starting point and end point are within 2 km (incl. 2 km)) excluding empty cruise fee.

Night-time charge 23:00 (incl. 23:00) to 5:00 next day (excl. 5:00) operation: added 20% of the basic unit price.
carpooling charge For the carpooling mileage, charged 60% of the payable

residence, government, culture, life service, catering, shop-
ping, and hotel) in Beijing. Then, the number of orders in
each administrative district and functional zone in Beijing
is counted by hour. According to the “Guiding Opinions
of the Beijing Municipal People’s Government of the CPC
Beijing Municipal Committee on Functional Position and
Evaluation Indicators,” Beijing is generally divided into four
major functional areas, namely, the core districts of capital
function (including Dongcheng and Xicheng), the urban
function extended districts (including Haidian, Chaoyang,
Fengtai, and Shijingshan), the new districts of urban devel-
opment (including Tongzhou, Shunyi, Daxing, Changping,
and Fangshan), and the ecological preservation development
districts (including Mentougou, Huairou, Pinggu, Miyun,
and Yanqing).(4) Each order’s profit margin (a.k.a. the net income per
unit of time) is calculated. The taxi and ride-hailing fee is
based on the “Taxis Price Standard,” issued by the Beijing
Development and Reform Commission on January 22, 2017,
and the “User Guide” and “Driver’s Guide,” published by the
Didi Chuxing, respectively. See Tables 1 and 2 for details.

2.2. Methodology. We first define what the HQC and HQC
points are and then describe how to distinguish and quantify
those HQC.

HQC Points. The HQC points are defined as the locations
where the taxi drivers have a great probability to pick up the
orders with higher service profit margins.

HQC. The HQC are defined as the orders in these HQC
points, i.e., the orders with higher probability of obtaining
higher service profit margins.

The efficiency of the taxi is related to the distribution
of its orders (or its passengers). To quantify accurately the
passengers’ distribution of HQC of urban taxis, this paper
conducts an evaluation model of passengers based on the
service profit margins [5] of taxis. In other words, the drivers’
service profit margin of orders is considered as an indicator
to distinguish the HQC points. The factors influencing taxi
drivers’ service profit margins include pricing rules, capacity
utilization rate, travel distance, speed, and travel time. Tra-
ditionally, the complete service process (𝑜 → 𝑑) of taxis
(ride-hailing services) includes seeking passengers, waiting

for passengers, and delivering passengers from the starting
point to the destination. The profit calculation formula of
taxis (𝐹𝑇𝑜→𝑑) to complete a service process (𝑜 → 𝑑) is as
follows:

𝐹𝑇𝑜→𝑑 = ∑𝑜∈𝑂,𝑑∈𝐷𝑁
V
𝑜𝑑𝐹𝑜𝑑∑𝑜∈𝑂,𝑑∈𝐷𝑁V
𝑜𝑑

= ∑𝑜∈𝑂,𝑑∈𝐷𝑁V
𝑜𝑑 [𝐹𝑎 + 𝑝𝑇𝑏 (𝑆𝑜𝑑 − 𝑠) + 𝐹𝑙𝑜𝑤−𝑠𝑝𝑒𝑒𝑑 + 𝐹𝑒𝑚𝑝𝑡𝑦]∑𝑜∈𝑂,𝑑∈𝐷𝑁V

𝑜𝑑

= 𝐹𝑎 + 𝐹𝑙𝑜𝑤−𝑠𝑝𝑒𝑒𝑑 + 𝐹𝑒𝑚𝑝𝑡𝑦 + 𝑝𝑇𝑏 ⋅ (𝑆𝑜𝑑 − 𝑠)

(1)

Here, 𝑁V
𝑜𝑑 denotes the number of vehicles carrying

passengers from o to 𝑑 per unit time. 𝐹𝑜𝑑 means the taxi
fare from area o to 𝑑. 𝑝𝑇𝑏 is the basic unit price of mileage
per taxi. 𝐹𝑎, 𝐹𝑙𝑜𝑤−𝑠𝑝𝑒𝑒𝑑, 𝐹𝑒𝑚𝑝𝑡𝑦 are the base rate, the low-
speed fee, and the empty cruise fee accumulated during
one service, respectively. 𝑆𝑜𝑑, 𝑠 represent the distance and
the distance included in the base rate, respectively. And𝐹𝑙𝑜𝑤−𝑠𝑝𝑒𝑒𝑑, 𝐹𝑒𝑚𝑝𝑡𝑦, 𝑆𝑜𝑑 refer to average low speed fee, average
empty cruise fee, and average distance, respectively.

In the same way, the profit calculation formula of ride-
hailing (𝐹𝑅𝑜→𝑑) to complete a service process (𝑜 → 𝑑) is as
follows:

𝐹𝑅𝑜→𝑑 = ∑𝑜∈𝑂,𝑑∈𝐷𝑁
V
𝑜𝑑𝐹𝑜𝑑∑𝑜∈𝑂,𝑑∈𝐷𝑁V
𝑜𝑑

= ∑𝑜∈𝑂,𝑑∈𝐷𝑁V
𝑜𝑑 [𝑝𝑅𝑏 ⋅ 𝑆𝑜𝑑 + 𝑝𝑐 ⋅ ℎ𝑜𝑑 + 𝑝𝑅𝑒𝑚𝑝𝑡𝑦 ⋅ (𝑆𝑜𝑑 − 𝑠)]∑𝑜∈𝑂,𝑑∈𝐷𝑁V

𝑜𝑑

= 𝑝𝑅𝑏 ⋅ 𝑆𝑜𝑑 + 𝑝𝑐 ⋅ ℎ𝑜𝑑 + 𝑝𝑅𝑒𝑚𝑝𝑡𝑦 ⋅ (𝑆𝑜𝑑 − 𝑠)

(2)

Here,𝑝𝑅𝑏 , 𝑝𝑐, 𝑝𝑅𝑒𝑚𝑝𝑡𝑦 represent the fare for unitmileage, the
fee for unit service time, and the empty cruise fee per unit
of ride-hailing, respectively. 𝑠, ℎ𝑜𝑑 indicate the distance over
which an empty cruise fee is charged and the travel time from
district 𝑜 to district 𝑑, respectively.

Due to the different pricing standards of taxis and
ride-hailing services under different service mileages, the
profit calculation formula of taxis and ride-hailing will also
be different. And, disregarding the difference in fuel cost
between empty cruising and traveling with passengers, this
paper discusses and calculates the profit margin based on the
service mileage, which is the following three cases [5].
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Table 2: Charge standard of Beijing ride-hailing.

Normal type Enjoyed type
Mileage 1.25 yuan/km 1.6 yuan/km

Duration fee

workdays non-workdays workdays non-workdays
21:00–06:00
0.8 yuan/min

21:00–06:00
0.8 yuan /min

21:00–06:00
0.8 yuan/min

21:00–06:00
0.8 yuan /min

06:00–10:00
0.64 yuan /min

12:00–15:00
0.64 yuan /min

06:00–10:00
0.64 yuan /min

12:00–15:00
0.64 yuan /min

17:00–21:00
0.64 yuan /min others 0.48 yuan /min 17:00–21:00

0.64 yuan /min others 0.48 yuan /min

others 0.4 yuan /min others 0.4 yuan /min
Empty cruise fee 0.64 yuan/km (over 20 km) 0.68 yuan/km (over 20 km)
Minimum charge 11 yuan 12.8 yuan

(1)When the service mileage of taxis is 0 < 𝑆𝑜𝑑 ≤ 𝑠 and
the profitmargin of ride-hailing is𝐹𝑅𝑜→𝑑 ≤ 𝐹min, the expected
profit margin of taxis and ride-hailing can be described as
𝐸𝑇𝑜→𝑑 and 𝐸𝑅𝑜→𝑑, which are shown as follows:

𝐸𝑇𝑜→𝑑 = 𝐹𝑎 + 𝑝𝑙𝑜𝑤 ⋅ 𝑡𝑙𝑜𝑤𝑆𝑜𝑑 ⋅ 𝑉𝑇𝑜𝑑 ⋅ 𝜀𝑇0 − 𝐸𝑇𝑤 − 𝐸𝑇𝑓𝑢𝑒𝑙
− 𝜙𝑀

(3)

𝐸𝑅𝑜→𝑑 = 𝐹min − 𝐹𝑀𝑆𝑜𝑑 ⋅ 𝑉
𝑅

𝑜𝑑 ⋅ 𝜀𝑅0 − 𝐸𝑅𝑤 − 𝐸𝑅𝑓𝑢𝑒𝑙 (4)

Here, 𝑝𝑙𝑜𝑤, 𝑡𝑙𝑜𝑤 represent the low speed fee per unit
and the duration of low-speed driving in service, respec-
tively. 𝜀𝑇0 , 𝜀𝑅0 denote the capacity utilization rate of taxi
and the capacity utilization rate of ride-hailing, respectively.𝜙𝑀, 𝐹min, 𝐹𝑀 represent monthly rents per unit time, the low-
est revenue for each ride, and the information fee collected
for every transaction by the online ride-hailing platform,
respectively. 𝐸𝑇𝑤, 𝐸𝑅𝑤, 𝐸𝑇𝑓𝑢𝑒𝑙, 𝐸𝑅𝑓𝑢𝑒𝑙 represent the waiting cost of
taxi, the waiting cost of ride-hailing, the fuel cost of taxi, and
the fuel cost of ride-hailing, respectively. 𝑉𝑇𝑜𝑑, 𝑉𝑅𝑜𝑑 denote the
average speed of taxi and the average speed of ride-hailing.
Among these,

𝐸𝑇𝑤 = 𝜙𝑤 ⋅ 𝜀𝑇1 , 𝐸𝑇𝑓𝑢𝑒𝑙 = 𝐿 ⋅ 𝑆𝑜𝑑 ⋅ 𝑝𝑜𝑖𝑙100ℎ𝑜𝑑 ⋅ (1 − 𝜀
𝑇
1 ) (5)

𝐸𝑅𝑤 = 𝜙𝑤 ⋅ 𝜀𝑅1 , 𝐸𝑅𝑓𝑢𝑒𝑙 = 𝐿 ⋅ 𝑆𝑜𝑑 ⋅ 𝑝𝑜𝑖𝑙100ℎ𝑜𝑑 ⋅ (1 − 𝜀
𝑅
1 ) (6)

Here, 𝜙𝑤, 𝜀𝑇1 , 𝜀𝑅1 , 𝐿, 𝑝𝑜𝑖𝑙 represent waiting cost per unit
time, the proportion of the time the taxi spends waiting,
the proportion of the time the ride-hailing vehicle spends
waiting, the fuel usage per 100 km, and the fuel price,
respectively.(2) When the service mileage of taxis is 𝑠 < 𝑆𝑜𝑑 ≤ 𝑠
and the profit margin of ride-hailing is 𝐹𝑅𝑜→𝑑 > 𝐹min, and the
service mileage of ride-hailing is 0 < 𝑆𝑜𝑑 ≤ 𝑠, the expected

profit margin of taxis and ride-hailing can be described as
𝐸𝑇𝑜→𝑑 and 𝐸𝑅𝑜→𝑑, which are shown as follows:

𝐸𝑇𝑜→𝑑 = (𝐹𝑎 − 𝑝
𝑇
𝑏 ⋅ 𝑠 + 𝑝𝑙𝑜𝑤 ⋅ 𝑡𝑙𝑜𝑤𝑆𝑜𝑑 + 𝑝𝑇𝑏) ⋅ 𝑉𝑇𝑜𝑑 ⋅ 𝜀𝑇0

− 𝐸𝑇𝑤 − 𝐸𝑇𝑓𝑢𝑒𝑙 − 𝜙𝑀
(7)

𝐸𝑅𝑜→𝑑 = (𝑝𝑅𝑏 − 𝐹𝑀𝑆𝑜𝑑) ⋅ 𝑉
𝑅

𝑜𝑑 ⋅ 𝜀𝑅0 + 𝑝𝑐 ⋅ 𝜀𝑅0 − 𝐸𝑅𝑤 − 𝐸𝑅𝑓𝑢𝑒𝑙 (8)

(3)When the service mileage of taxis and ride-hailing is𝑆𝑜𝑑 > 𝑠, the expected profit margin of taxis and ride-hailing
can be described as 𝐸𝑇𝑜→𝑑 and 𝐸𝑅𝑜→𝑑, which are shown as
follows:

𝐸𝑇𝑜→𝑑 = (𝐹𝑎 − 𝑝
𝑇
𝑏 ⋅ 𝑠 + 𝑝𝑙𝑜𝑤 ⋅ 𝑡𝑙𝑜𝑤 − 𝑝𝑇𝑒𝑚𝑝𝑡𝑦 ⋅ 𝑠

𝑆𝑜𝑑 + 𝑝𝑇𝑏

+ 𝑝𝑇𝑒𝑚𝑝𝑡𝑦) ⋅ 𝑉𝑇𝑜𝑑 ⋅ 𝜀𝑇0 − 𝐸𝑇𝑤 − 𝐸𝑇𝑓𝑢𝑒𝑙 − 𝜙𝑀
(9)

𝐸𝑅𝑜→𝑑 = (𝑝𝑅𝑏 + 𝑝𝑅𝑒𝑚𝑝𝑡𝑦 − 𝑝
𝑅
𝑒𝑚𝑝𝑡𝑦 ⋅ 𝑠 + 𝐹𝑀
𝑆𝑜𝑑 ) ⋅ 𝑉𝑅𝑜𝑑 ⋅ 𝜀𝑅0

+ 𝑝𝑐 ⋅ 𝜀𝑅0 − 𝐸𝑅𝑤 − 𝐸𝑅𝑓𝑢𝑒𝑙
(10)

Here, 𝑝𝑇𝑒𝑚𝑝𝑡𝑦 represents the empty cruise fee per unit of
taxi.

Based on the service profit margins of orders and
combined with the geographical information system (GIS)
spatial-temporal analysismethod to distinguish theHQCand
HQC points, the steps are as follows:(1) Identifying the HQC points: first, we calculate the
profit margin of each order of taxis and ride-hailing, respec-
tively. Second, regarding the latitude and longitude grids as
the research unit, we calculate the average profit margin for
all orders in each grid. Third, we identify the HQC points
according to the average profit margin in each grid. Referring
to previous research’s suggestion [41], we take the top 30%
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of the grids with the greatest average profit margins as HQC
points.(2) Identifying the HQC: the HQC are the orders appear-
ing in these HQC points. In other words, the HQC often
imply a higher probability of obtaining higher service profit
margins for taxis and ride-hailing.

3. Results and Discussion

We analyze the distribution of HQC from both space and
time dimensions, resulting from HOC’s spatial and temporal
dependence. In terms of space, we analyze HQC from the
perspective of administrative districts and functional zones,
including the comparison of the distribution on workdays
with nonworkdays. In terms of time, we study the changing
rules of HQC in different times of a day. In particular, we
analyze the distribution ofHQC in the rush hours ofmorning
and evening. We also compare the service profit margins of
HQC in different trip lengths and at different times of a day.

3.1. Spatial Distribution of HQC. In fact, there will be some
sampling bias for some suburb administrative regions (grids)
might be less sampled. When there are too few orders in
a grid, the average profit margin in the grid might suffer a
relatively greater error or become insignificant statistically.
However, the bias will not affect our results severely. We are
distinguishing the HQC to analyze its distribution in space
and time dimensions. The service orders in suburb grids are
much less than those in city center, so very fewer orders in
suburb grids will not affect the overall distribution of HQC,
since their average profit margin might carry a large standard
error. For example, the number of HQC in Yanqing District
only accounts for 0.003%of all the HQC in Beijing city, which
will not severely affect the distribution of HQC in the city.

ArcGIS visualizes the distribution of all passengers and
HQC, where the HQC are represented by the red grid, as
shown in Figure 1. On the whole, the passengers of both taxis
and ride-hailing are concentratedmainly onXichengDistrict,
Chaoyang District, Haidian District, Fengtai District, Chang-
ping District, and Daxing District, which account for 71%
of the total passengers. The HQC in central urban areas of
Beijing (such as Dongcheng district and XichengDistrict) are
few and scattered. Dongcheng District and Xicheng District,
as the traditional inner urban areas of Beijing, have larger
flow of passengers and greater traffic demand. Transportation
facilities are available there, and the distribution of HQC is
relatively small.

In Figure 1, there are significant differences in the dis-
tribution of HQC between workdays and nonworkdays. The
differences are reflected mainly in the fact that the HQC on
the workdays are in a state of aggregation, whereas the HQC
on nonworkdays are wider and more evenly distributed. For
example, on workdays, HQC are distributed mainly in resi-
dential areas, educational institutions, commercial areas, and
transportation areas, such as airports, subways, universities,
companies, and commercial buildings. That phenomenon of
the distribution of HQC represents the aggregation distribu-
tion on workdays. On nonworkdays, people usually go out

to party (restaurants and KTV), shop (shopping malls and
shopping centers), and so on. So, the distribution of HQC on
weekends is distributed more widely and more evenly.

There are obvious differences in the distribution of
HQC between taxis and ride-hailing. The HQC of taxis are
distributed mainly in the urban function extended districts
and the new urban development districts, such as Chaoyang
District, Haidian District, Shunyi District, and Daxing Dis-
trict. In these districts, the HQC account for 55.76% of
the total HQC. Chaoyang District is a gathering place for
high-end industrial functional areas. Haidian District is a
gathering place for educational institutions.These places have
a large population density and a large flow of passengers on
workdays. The HQC of ride-hailing services are distributed
mainly in the traffic and residential areas of the new urban
development districts, including Shunyi District, Fangshan
District, and Daxing District. In particular, the ride-hailing’s
HQC in Shunyi District, Chaoyang District, Daxing District,
and Fangshan District account for 58.94% of the total ride-
hailing’s HQC. The number of taxis in these areas is small,
but there are large travel needs, such as from the place of
residence to the nearest public transportation facilities. At
the same time, the traffic in the outer suburban districts
is smooth, and the carpooling business in the ride-hailing
service also provides passengers with greater convenience.
So, the HQC in ride-hailing service exhibit a phenomenon
of peripheral agglomeration distribution.

Next, we analyze the distribution of HQC in different
administrative districts. Figure 2 shows, in 16 administra-
tive districts, the proportion of orders in the total orders
(hereafter referred to as P-O), the proportion of HQC in
the total HQC (hereafter referred to as P-HQC), and the
proportion of HQC in the total orders of the corresponding
administrative districts (hereafter referred to as P-HQC-
OAD). Overall, the P-O of taxis (including ride-hailing cars)
in the administrative district is positively correlated with
the P-HQC [the correlation coefficient is 0.80 (0.43)]. In
other words, the more orders, the more HQC. And, from
Figure 2, we can find that the P-O is significantly higher than
is the P-HQC in Chaoyang District, Haidian District, Fengtai
District, and Dongcheng District. However, the P-HQC in
other administrative districts is higher than is the P-O. For
example, the P-O of taxis in Chaoyang District and Haidian
District accounts for a relatively high proportion, at 34.58%
and 19.3%, respectively. And the P-HQC is also relatively
high, at 19.68% and 13.83%, respectively. Ride-hailing’s P-O
in Chaoyang District, Haidian District, and Fengtai District
account for 56.12%. And the P-HQC in these districts is
also high, at 24.16%. However, taxis and ride-hailing in
the ecological preservation development districts (such as
Pinggu District, Mentougou District, Miyun District, and
Yanqing District) have a small number of orders, accounting
for approximately 0.43%. And their P-HQC is relatively low,
with the proportion being approximately 1.31%.

The higher the P-HQC-OAD in administrative districts
(the red line), the more the high efficiency orders and the
more the possibilities that drivers will obtain high profits
from orders. Although the order number has a significantly
positive correlation with the HQC, the distribution of HQC
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Figure 1: The pick-up points of taxis and ride-hailing on Thursday, Friday, and Saturday, respectively. The orders in the legend refer to the
service order counts interval in different administrative districts. The background color depth of each administrative district in Beijing is
proportional to the number of orders. The red areas are defined as the HQC points in this paper.

in each administrative district is imbalanced. From Figure 2,
in each administrative district, the P-HQC-OAD is inversely
proportional to the orders and HQC in most cases. The
correlation coefficients are -0.60, -0.26 (taxi) and -0.52, 0.086
(ride-hailing), respectively. For example, there are fewer

orders and HQC in Yanqing District, but the P-HQC-OAD
is relatively high, at 34.97%. Conversely, Chaoyang District
has the largest number of orders, accounting for 32.94% of
the total orders, and it also has the highest P-HQC. However,
its P-HQC-OAD is relatively low, at 4.83%. To a certain
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Figure 2: The distribution of orders and HQC in different administrative districts.
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Figure 3: The proportion of orders and HQC in different functional zones.

extent, this indicates that the P-HQC-OAD is not determined
directly by either the orders or the HQC.

Next, we will analyze the distribution of HQC in different
functional zones. According to the functional attributes in
different areas of the city and the classification of Baidu
POI industry, all orders are divided into 12 functional zones.
The functional zones include shopping, traffic, education,
finance, hotels, residence, catering, life service, culture,
leisure, medical treatment, and government. Figure 3 shows

the P-O, the P-HQC, and the proportion of HQC in the
total orders of the corresponding functional zones (hereafter
referred to as P-HQC-OFZ). Overall, passengers and HQC
in the taxi (ride-hailing cars) are distributed mainly in
the five functional zones: residence, leisure, finance, traffic,
and education [according to the number of HQC (taxis)
from high to low]. The total orders of these functional
zones are up to 89.19% (91.52%), and the P-HQC is up to
92.65% (96.23%). Conversely, the orders and HQC in both
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medical and government functional zones account for less
than 1%.

In each functional zone, the higher the P-HQC-OFZ (the
red line), the higher the probability of the HQC appearing
and the higher the possibility that drivers will make greater
profits. Compared with taxis, the HQC of ride-hailing in
each functional zone is relatively balanced. Specifically, the P-
HQC-OFZ is relatively stable, accounting for approximately
4.43% in each functional zone (the proportion in traffic
is relatively high, at 20.60%). However, the HQC of taxis
in various functional zones is imbalanced. For example, in
government and traffic functional zones, the P-HQC-OFZ
is 34.92% and 32.82%, respectively. However, in life service
and residential functional zones, the P-HQC-OFZ is 17.06%
and 13.65%, respectively. In other words, drivers can get
high-efficiency orders easily in the traffic functional zone. In
particular, the possibility of drivers receiving orders is low in
the government functional zone, but drivers are most likely
to receive high-efficiency orders.

3.2. Temporal Distribution of HQC. Next, the distribution of
HQC in the temporal dimension is analyzed. Figure 4 shows
the P-O per hour, the P-HQC per hour, and the proportion
of HQC in total orders per hour (hereafter referred to as P-
HQC-O per hour) in respect of taxis and riding-hailing on
Thursday, Friday, and Saturday. On the whole, the P-O per
hour and the P-HQC per hour of taxis and ride-hailing show
a similar daily changing trend. And the P-O per hour and the
P-HQCper hour have great value in themorning and evening
rush hours, which have a significantly positive correlation.
Specifically, the total orders and HQC are in a relatively
high state, at 7:00–9:00 and 17:00–19:00. The P-O per hour
and the P-HQC per hour are approximately 16.11% and
16.52% in the morning rush hours. And the two proportions
are 18.39% and 21.95%, respectively, in the evening rush
hours. Due to work, on workdays, residents have high travel
demands during the morning and evening rush hours. So,
the number of orders and HQC in rush hours is higher than
in other periods. On nonworkdays, the morning rush hours
are postponed, the P-O per hour and the P-HQC per hour of
taxis and ride-hailing services do not increase significantly,
and the evening rush hours are basically the same as on
workdays.

The greater the value of P-HQC-O per hour, the higher
the probability of HQC in this period. From Figure 4, the
P-HQC-O per hour of taxis is significantly higher than
that of ride-hailing. In other words, drivers of taxis are
more likely to accept high-profit orders. The extreme point
of the taxis’ P-HQC-O per hour appears in the evening
rush hours, whereas the ride-hailing’s extreme point appears
in the morning and evening rush hours. Compared with
taxis, the peak change of ride-hailing is not obvious (it
rises slightly in the morning and evening peaks), and it is
stable on the whole. This indicates that the pricing of ride-
hailing services is more reasonable, and ride-hailing’s HQC
in the temporal dimension presents a balanced distribution.
Conversely, the extreme point of the taxi’s P-HQC-O per
hour appears in the evening rush hours, and the peak value

is significantly higher than in other periods. This indicates
that taxis’ HQC in the temporal dimension are imbalanced.
To be specific, the incentives for taxis are insufficient in
morning rush hours, but the incentives are oversufficient in
evening rush hours. The relevant departments should fur-
ther coordinate taxi pricing, strengthen market control, and
promote balanced development in the taxi and ride-hailing
markets.

It is of great significance for not only the taxi and ride-
hailing markets but also urban planning departments to
understand the residents’ travel rules in the morning and
evening rush hours.TheHQC of taxis (including ride-hailing
vehicles) during morning and evening rush hours will be
analyzed by selecting 7:00–9:00, 17:00–19:00 onworkdays and
10:15–11:45, 14:15–18:45 on nonworkdays. Figure 5 shows the
P-O and the P-HQC-OFZ of taxis (including ride-hailing) in
different functional zones during morning and evening rush
hours.

Figure 5 also shows that the P-O of taxis and ride-hailing
is mostly the same in different functional zones, and there
are relatively more orders in residence, education, and leisure
functional zones than in other functional zones. However,
there is a great difference between the P-O and the P-HQC-
OFZ of taxis (including ride-hailing). And the P-O reveals
a significantly negative correlation with the P-HQC-OFZ.
The higher the P-HQC-OFZ is, the more likely the HQC
will appear in the functional zones. Figure 5 shows that
the P-HQC-OFZ value is relatively high in traffic, catering,
life service, and government functional zones, which are
the high-profit areas where drivers find it easier to pick up
HQC orders. Compared with taxis, the HQC of ride-hailing
during the rush hours is relatively balanced in the functional
zones. Specifically, the ride-hailing’s P-HQC-OFZ is relatively
stable in each functional area. However, the HQC of taxis
is imbalanced in each functional zone. In particular, the P-
HQC-OFZ has a high proportion in government and traffic
functional zones.

The service profit margins of trips for the HQC orders in
different trip lengths and at different times of a day are shown
in Figure 6.

The service profit margins of the short trips (<3 km) and
long trips (>15 km) are at a relatively high level, while those
of the intermediate trips (3-15 km) are at a relatively low
level. For example, the service profit margins of the trips of
“0-3 km” and “>15 km” are 1.78 and 1.94 times higher than
those of the trips of “3-15 km,” respectively. The service profit
margin of long trips at night is higher than that in daytime.
For instance, on average, their profit margin from night to
early morning (such as 0:00-5:00) is 1.21 times more than
that in daytime (take 8:00-18:00 as an example). Comparing
the profit margins of the short trips with long trips, we can
find that the short trips tend to have greater profit margins
in daytime while the long trips tend to have greater profit
margins at night and in early morning. We speculate that this
is because the road condition is much more congested in day
time than in night and early morning, for the profit margins
of short trips are mainly determined by the base rate, while
those of long trips are mainly determined by the mileage fee
and empty cruise fee.
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Figure 5: The proportion of orders and HQC in different functional zones on workdays and nonworkdays (taxi and ride-hailing).

4. Conclusions

WedistinguishHQCandHQCpoints frompick-up locations
of passengers based on service profit margin of each order
and then analyze the distribution of HQC and HQC points.
In this paper, we provide a new perspective to analyze the
imbalance of taxi market from the distribution of HQC. The
balance of the taxi market has an important impact on the
sustainable development of the city. Therefore, it is especially
important to fully understand the spatial-temporal distribu-
tion of taxi’s high-quality customers (HQC). Based on global
positioning system trajectory data, this paper constructs
an evaluation model of passengers from the perspective of
profit margins. Then, we present the selection criteria of
HQC and discuss the distribution laws of HQC in different

areas and different time periods. The conclusions are as
follows.

The HQC of taxis and ride-hailing are distributed mainly
in the periphery of the main urban area, which indicates that
traffic condition is even worse in the urban center because of
factors such as congestion. In central urban areas of Beijing
(such as Dongcheng District and Xicheng District), there
are more passengers and more traffic demands. Due to the
well-developed public transportation, HQC in these areas
are few and scattered. There are significant differences in the
distribution of HQC between workdays and nonworkdays.
The HQC on workdays are in a state of aggregation (concen-
trated in the functional zones of residence, leisure, financial,
traffic, and education). On the other hand, the HQC are
distributed more widely and more evenly on nonworkdays.
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There are also obvious differences in the distribution of
HQC between taxis and ride-hailing. For example, the traffic
in the outer suburban districts is smooth, and the car-
pooling service of the ride-hailing also provides passengers
with greater convenience, which results in the distribution
of ride-hailing’s HQC being in aggregation in the outer
periphery.

The proportion of orders in the total orders, or P-O,
of taxis (including ride-hailing cars) in the administrative
district is positively correlated with the proportion of HQC
in the total HQC, or P-HQC. However, the proportion of
HQC in the total orders of the corresponding adminis-
trative districts, or P-HQC-OAD, is inversely proportional
to the orders and HQC in most cases, which indicates
that the HQC in each administrative district is imbalanced.
The distribution of HQC in each functional zone is also
imbalanced, especially the HQC of taxis. The government
and traffic function zones have the highest proportion in
P-HQC-OFZ, with 34.92% and 32.82%, respectively. And
the functional zones of the life service and residence are
second.

The P-O per hour and the P-HQC per hour of taxis
and ride-hailing show a similar daily changing trend. In
the morning and evening rush hours, the two proportions
account for a relatively high proportion and have a significant
positive correlation. The P-HQC-O per hour of taxis is
significantly higher than that of ride-hailing, which indicates
that drivers of taxis are more likely to accept high-margin
orders. The peak change of ride-hailing is stable on the

whole, which indicates that ride-hailing pricing is more
reasonable. The extreme point of the taxi's P-HQC-O per
hour appears in the evening rush hours, and the peak value
is significantly higher than in other periods, indicating that
taxis’ HQC in the temporal dimension exhibits an imbalance.
The relevant departments should further coordinate taxi
pricing, strengthen market control, and promote balanced
development in the taxi and ride-hailing markets.

Understanding the spatiotemporal distribution of HQC
can benefit the taxi drivers a lot. For example, it can improve
the information asymmetry between taxi drivers and the
HQC, which would reduce their seeking time of HQC. In
other words, it is in favor of improving the operational
efficiency of taxi, which can increase the drivers’ income
and improve the service quality. In sum, the distribution of
HQC of online ride-hailing services is of great significance
to improve the operational efficiency of the online ride-
hailing services market. To promote sustainable development
in the online ride-hailing service market, it is recommended
that the relevant departments coordinate the supply of taxis
with different service modes to rationally optimize resource
allocation according to the market demand in different time
periods and different regions. At the same time, they should
also coordinate the supply of vehicles in the rush hours
of morning and evening. Finally, the relevant departments
should utilize big data on the location of urban traffic
and strengthen the construction of the big data platform
on traffic to grasp the real-time traffic situation accurately
and elaborately from a global perspective, which can also
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Figure 7: The distributions of orders and HQC in different administrative districts. Note: P-O refers to the proportion of orders in the total
orders in the 16 administrative regions. P-HQC refers to the proportion of HQC in the total HQC. P-HQC-OAD refers to the proportion of
HQC in the total orders of the corresponding administrative districts.
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provide guidance for methods of management and data-
driven decision-making.

Appendix

See Figures 7 and 8.
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