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Abstract

:

The spatial separation between residences and workplaces of citizens is a challenge encountered by many, causing urban problems like long-distance commutes, traffic congestion, and environmental pollution due to the heavy usage of cars. As a result of this phenomenon, metro transportation has become an increasingly important means of transportation in metropolises. To further understand the spatial separation issues, we analyzed the spatial distribution characteristics of areas under the influence of metro transportation in metropolises, and this could provide new approaches to this challenge. This research used Guangzhou city as a case study to investigate the spatial distribution characteristics of residences and workplaces from two perspectives: accessibility, and the type of the travelers’ industries. The analysis was mainly based on (1) passengers’ travel data provided by Guangzhou Metro Group Co., Ltd. (Guangzhou, China); (2) the resident population, based on the sixth national census in China; and (3) the employed population, based on the third economic census of China. Our research resulted in three key findings. First, the spatial separation of residences and workplaces was generally noticeable in Guangzhou but was less noticeable in the area with metro stations. Second, workplaces were concentrated in the central ring while residences were concentrated in the inner suburban ring in Guangzhou. Third, there was a relative concentration of workplaces in the same service industry and the workplaces of each service industry were concentrated in separate, respective areas in Guangzhou. On the basis of these findings, we provided suggestions for policymakers to develop specific and effective actions to mitigate the negative impacts of spatial separation.
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1. Introduction


Topics related to residences, workplaces, and commuting behaviors provided important content for research in economics, geography, and sociology [1]. The previous studies mainly focus on people’s options for residences, workplaces, and transportation, emphasizing the balance between commuting costs and housing costs [2,3,4,5,6], and the impacts of land use on commuting behaviors [7], and also influencing the factors of urban commuting behaviors such as urban spatial structure [8], land use [9,10], and family-life course [11,12,13,14,15,16,17,18]. Recently, the metropolis has been gaining increasing attention from the scholars researching these topics.



A metropolis is a region that consists of a densely populated urban agglomeration and its surrounding territories which share industries, commercial areas, transport networks, infrastructures, and housing [19,20]. The availability of transportation options and the capacity of residents to travel to their destinations in metropolises are typically not distributed equitably among the various social classes and geographical zones [21]. The manifestation of this phenomenon is the spatial mismatch problem, which originated from the geographical mismatch between the distributions of housing segregation and the unemployment workforce [22]. Based on the spatial mismatch hypothesis (SMH) put forward by John F. Kain [22], Zhou et al. [23] indicated that the spatial mismatch problem has resulted in an increased cost of living, rising unemployment, persistent poverty, and other social problems for the low-income group, which may also cause traffic congestion, increased commuting costs, low-skilled labor force unemployment, a widening income gap, and a series of other urban problems.



In many metropolises, the creation of suburbs can be attributed to the complex and changing process of suburbanization, which is influenced materially by the economy and the ways of life of those who live in central urban areas [24]. In recent years, mostly as a result of the populations of residential areas moving to the suburbs in metropolises, metropolitan suburbanization has become increasingly prevalent in China, while workplaces are still located in business areas in city centers [25,26]. It was estimated that the average commuting distance in China is 9 km, which takes about 30 min. In metropolises such as Beijing, Shanghai, Guangzhou, and Shenzhen, the average commuting distance is 20 km, which takes about 60 min, and this is still increasing [27,28]. As a result, the spatial separation of residences and workplaces has become common in metropolises, bringing about spatial mismatch problems such as long-distance commutes, traffic congestion, and environmental pollution due to the heavy usage of cars [27].



Since the study of the spatial separation of residences and workplaces is of great significance for the realization of high-quality urbanization [29], metro transportation is being widely applied in an increasing number of metropolises because of its high speed, punctuality, large traffic volume, and security. In mainland China, 36 cities have operating metro systems, of which Guangzhou was one of the first. Since 1997, Guangzhou has accumulated 14 operating metro lines with 257 metro stations [30]. By the end of 2018, there was a total metro-line length of 478 km, covering 54% of the area of Guangzhou, with an average daily passenger volume of 9.4959 million, ranking it third in China [30]. According to the Guangzhou Rail Transportation Network Planning (2018–2035), the proportion of public transport options operating in motorized mode should be greater than or equal to 80%, among which metro transportation should be greater than or equal to 70% [31]. Nevertheless, despite the development of metro transportation, since 2000, Guangzhou’s spatial separation of residences and workplaces has been relatively noticeable [1]. Given that metro transportation is widely applied in Guangzhou, where the spatial separation of residences and workplaces exists, Guangzhou was taken as a case study to analyze the spatial distribution characteristics of residences and workplaces under the influence of metro transportation in metropolises.



First, this research analyzed the accessibility to residences and workplaces around metro stations to further investigate whether metro transportation eases the separation of residences and workplaces. According to Geurs and van Wee [32], accessibility can be defined as the extent to which land-use and transport systems enable (groups of) individuals to reach activities or destinations by means of a (combination of) transport mode(s). Generally, it is mostly considered that metro transportation is beneficial for improving accessibility to workplaces, but accessibility to residences is ignored in many cases [33,34]. Considering this paper aims on studying the spatial separation of residences and workplaces, the accessibility to both residences and workplaces will be taken into account to make a comparison that can be used to understand their differences and similarities.



Second, this research investigated the accessibility preferences of people working in different industries regarding the use of metro transportation for travel to better understand the differences in accessibility to the workplace for different industries. In the previous studies, there is a research gap in the study of the characteristics of travelers’ industries in terms of the spatial distributions of residences and workplaces [35]. To study the commuters’ industries, this study mainly focused on travelers from the service industry. There are three reasons: firstly, in Guangzhou, the contribution rate of the service industries to economic growth was 71.1% in 2021 [36], playing a pivotal role in economic development; secondly, recent research showed that metro transportation has a significantly positive effect on the agglomeration of the service industry in Guangzhou [37]; thirdly, compared with employees from the agriculture and manufacturing industries, the dependence of employees from the service industry on metro transportation is higher.




2. Materials and Methods


2.1. Study Area


With a history of more than 2000 years, Guangzhou is considered a metropolis and has been elevating the collective voice of metropolises on the global stage and fostering global cooperation, dialogue, and the sharing of knowledge and solutions that are grounded in the experience of its members for more than 35 years [38]. It covers an area of 7434.40 square kilometers and has a population of 18.81 million [39]. Based on the routes of metro lines and the locations of metro stations, in this research, the area of Guangzhou (Figure 1) was divided into three geographic rings (Table 1) centered around Zhujiang New Town Station.




2.2. Data Sources


2.2.1. Passenger Flow Data


The passenger flow data on Wednesday 24 April 2018, covering 9.49 million passengers traveling from 221 metro stations in Guangzhou, were metro card swiping data provided by Guangzhou Metro Group Co., Ltd. (Guangzhou, China). To analyze the raw data, particular settings were used in this research (shown in Table 2). First, based on the change in passenger flow at different times, the morning and evening peak periods for entering metro transportation were set to be 07:00–08:00 and 17:00–18:00, respectively, while the morning and evening peak periods for exiting metro transportation were set to be 08:00–09:00 and 18:00–19:00, respectively. Second, according to the passenger flow in and out of the metro stations during the morning and evening peak periods, two cohorts were studied: (1) people traveling to residences (number of people who entered metro stations during the morning peak periods and exited during the evening peak periods); and (2) people traveling to workplaces (number of people who exited metro stations during the morning peak periods and entered during the evening peak periods).



Based on the settings mentioned above, the passenger flow data showed that 1.68 million people were traveling to residences and 1.60 million people were traveling to workplaces, accounting for 34.58% of the total passenger flow.




2.2.2. Data of the Resident and Employed Population


In this research, there were two sources for collecting data on the employed population and the resident population, respectively. In both of these two sources, the population was subdivided to the town (street) level and subdivided according to the national economic industry classification standard [40,41]. (1) The data used for studying the resident population came from the population census sample survey of China’s 1% population in 2015, which was revised based on the sixth national census in China [42]. This provides information about residents and reflects the residential characteristics of the population to a large extent. (2) The data used for studying the employed population of different industries came from the third economic census of China, which was conducted in 2012. The results may vary, with some records showing where a business is registered and others showing where the workplace actually is, but the data can reflect the employment characteristics of the population as a whole [43]. As mentioned in the introduction section of this article, this study mainly focused on the resident and employed population from the service industry. According to China’s national industry classification standard for the economy, 14 detailed service industries can be classified into four main service industry types (shown in Table 3).



The resident and employed population of four main service industries were subdivided at the spatial scale of towns or streets (there was a total of 166 towns and streets in Guangzhou), from which the number of people from the service industry living in residences was 369.37 million, while the number of people from the service industry working in workplaces was 283.89 million. It seems that these two figures are different mainly because of the differences in statistical caliber: unlike the population census, the economic census mainly counts the number of employees in enterprises above the designated size. However, these two figures do not show considerable differences; therefore, they may still largely reflect the main characteristics of the population in residences and workplaces. For all metro stations studied in this research, the ratio between people traveling to residences and the number of residents practicing in the service industry was found to be 45.57%, while the ratio between people traveling to workplaces and the number of employees practicing in the service industry was 56.39%, indicating that the proportion of Guangzhou residents commuting by metro was relatively high.





2.3. Research Methods


2.3.1. The Two-Step Floating Catchment Area (2SFCA) Method


In this study, accessibility is defined as the ease and comfort of a person reaching a facility or an activity from a particular location [42]. As a result, the accessibility to residences or workplaces could be understood as the ease and comfort of a person reaching their residence or workplace from metro stations. Typically, two main approaches to the study of the spatial relationship between a residence and a workplace were used in the previous research: one is the commuting distance or time, while the other is the ratio between the population of the workplace and that of the residence. The data for these variables are relatively easy to collect and analyze, but cannot be used to express the distance-decay law of the supply-and-demand relationship between residences and workplaces [43,44,45,46].



Hence, in addition to the two approaches mentioned above, the two-step floating catchment area (2SFCA) method was proposed to improve the measuring accuracy of spatial accessibility in this study. First developed by Luo [46], the 2SFCA method model (Figure 2) is a widely used gravity-based model that addresses the supply-demand issue through the development of a spatial decomposition method [47,48,49,50]. The process for calculating the 2SFCA method is as follows [51,52]: first, determine the population that falls within the catchment of each service provider (that is, the potential population size being “served”), and second, allocate available services to populations by determining which services fall within the catchment area of each population. This paper presents an enhancement to the 2SFCA method by applying weights to differentiate travel time zones in both the first and second steps, thereby accounting for distance decay. To differentiate between the levels of accessibility within a catchment, multiple travel time zones within each catchment were assigned with different weights according to the Gaussian function [53,54].



Census zones usually depend on geographic data access, and in most cases, they are consistent with administrative boundaries. However, in practice, there is often the problem of large differences in the area of administrative spatial units in Guangzhou, which complicated the calculation of accessibility. In such cases, the grid network was introduced so that the population catchment fits in the context of Guangzhou [43]. Given that this study focused on Guangzhou, which is a city with an excessive range of administrative spatial unit scales, and that the acceptable distance from a metro station to a residence or employment place is 0.5–1.5 km for travelers, a 500 × 500 m grid was used for the accessibility calculation in this study (Figure 2).



In this study, the 2SFCA method was implemented in the following two steps.



The first step was to determine the supply-to-demand ratio of each residence or workplace space:


   R j   =    S j      ∑  k ∈ /  d  k j   ≤  d 0     G  (   d  k j   ,  d 0    )   P k     



(1)






   P k  =    H k     H z     P z   



(2)






  G  (   d  k j   ,  d 0    )  =  {         e  −  1 2  ×    (     d  k j      d 0      )   2  −  e  −  1 2        1 −  e  −  1 2      ,   i f    d  k j   ≤  d 0         0 ,   i f    d  k j   ≥  d 0          



(3)







In the formulas above, Rj is the supply-to-demand ratio of metro station j; Sj is the supply capacity of metro station j, which is determined by its passenger flow volume; dkj is the distance between metro station j and grid k;    d 0     is the distance from the actual figure to the threshold, which expresses the range affected by this metro station;    P k    is the population of grid k;    H k    is the area of grid k;    H z    is the area of street z;    P z    is the population of street z (to calculate the accessibility to residences, the number of residents was adopted; to calculate accessibility to workplaces, the number of employees was adopted); and G(dkj,    d 0    ) is the friction coefficient of the Gaussian distance from metro station j to grid k.



The second step was to calculate the accessibility:
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In the formulas above, Ak is the accessibility of grid k and Az is the accessibility to the street.




2.3.2. Ratio


Various measurements have been proposed to describe the balance between the spatial distribution of residences and workplaces, including the ratio of jobs to housing units, commuting time or distance-based indicators, home-based job accessibility, and the worker-shift ratio [55]. In this research, the ratio of the employed population to the resident population within a given geographic area, first proposed by Cervero [56], which has been generally and widely accepted [57], was adopted as an easy measurement for studying the spatial distribution of residences and workplaces. To be more specific, we will study the ratio of the employed population to the resident population in four main service industries within a radius of 1500 m around metro stations. Similarly, to further understand the spatial separation problem, this research tried to use the ratio between the accessibility to workplaces and the accessibility to residences to study the spatial distribution of the accessibility to workplaces and the accessibility to residences.




2.3.3. Multiple Regression


The multiple regression analysis method was adopted to study the relationship between travelers’ industries and their accessibility to residences or workplaces in each ring, where the number of employees in service industries as a proportion of the total employed population was used as an independent variable and the accessibility to residences or workplaces was the dependent variable.






3. Results and Analysis


3.1. The Overall Spatial Characteristics of Residences and Workplaces


	(1)

	
The spatial separation of residences and workplaces was generally noticeable.







Comparing Figure 3a,b shows that the separation of residences and workplaces existed in Guangzhou, which puts great pressure on urban traffic. As shown in Figure 3, the locations of residences were scattered, mainly in suburbs, such as Baiyun District, Huadu District, Panyu District, and Zengcheng District, where there were quite a few large-scale real-estate residential buildings. However, the locations of workplaces were mainly concentrated in the central city and in industry groups, such as Panyu District, Huadu District, Zengcheng District, and Xintang District, alongside which the metro lines run.



	(2)

	
The spatial separation of residences and workplaces was less noticeable in the area with metro stations.







Figure 4 compares the spatial distribution of two different ratios: the ratio between the accessibility to workplaces and the accessibility to residences (with metro stations around); and the ratio between the accessibility to workplaces and the accessibility to residences (without metro stations around). From Figure 4, under the influence of metro transportation, the spatial separation of residences and workplaces was less noticeable.




3.2. Different Spatial Concentration Characteristics of Workplaces and Residences


The results of the accessibility analysis showed that with metro stations around, the spatial distribution of accessibility to residences and to workplaces was similar. However, the accessibility to workplaces around metro stations (87.4 on average) was higher than that of residences around metro stations (62.4 on average). For the average ratio between the accessibility to workplaces and the accessibility to residences, one with metro stations around was 1.40, while the other without metro stations around was only 0.73, which indicated that the locations of metro stations were relatively workplace oriented. The average level of accessibility to residences or workplaces varied significantly between the central ring, inner suburban ring, and outer suburban ring, with different average commuting distances for related reasons, as discussed below (Table 4). From Table 4, workplaces were concentrated in the central ring while residences were concentrated in the inner suburban ring in Guangzhou.



From the perspective of spatial distribution, the accessibility to both residences and workplaces indicated the characteristic of centralization in the central ring of Guangzhou (Figure 5). Most of the streets with high accessibility were located in the CBD area of Zhujiang New Town, for example, Xiancun Street, Lieide Street, Tianhe South Street, and Shipai Street. In addition, other streets in the central ring had high accessibility, especially in Haizhu District, where a large number of commercial, financial, cultural, and entertainment industries were located nearby dense metro stations with large passenger flows. It was found that with metro transportation, the attraction of the central area was strengthened.




3.3. Spatial Characteristics of Residences and Workplaces for People in the Same Industries


	(1)

	
There was a relative concentration of workplaces in the same service industry.







Table 5 shows the ratio of the employed population to the resident population in four main service industries within a radius of 1500 m around metro stations, from which the following findings were obtained. First, the ratio of workplaces related to traditional service industries was relatively low overall and decreased from the center to the outer ring, which showed that more traditional service industry workplaces were distributed in the central ring. Second, the ratios of modern service industry and science and technology service industry workplaces were greater than 1, where modern service industry workplaces were found at a higher level in the central ring, while science and technology service industry workplaces were found at a higher level in the central and inner suburban rings. This showed that the locations of modern service industry and science and technology workplaces were centrally oriented but modern service industry workplaces were more centrally oriented than science and technology service industry workplaces. Third, the ratio of public service industry workplaces was close to 1, and the ratios were similar in the different rings, which showed that the workplaces and residents in this industry were relatively well-balanced and dispersed.



	(2)

	
The workplaces of each service industry were concentrated in separate, respective areas of Guangzhou. There was a certain relationship between accessibility to residences or workplaces and the distance from the center in each ring for people in the same industry, as shown in Table 6.







In terms of the traditional service industry, people’s accessibility to residences or workplaces was found to decrease from the center to the outside, and their impact coefficients were similar, which showed that the distance between the residence and workplace of traditional service workers was relatively small and that the possibility of choosing the metro as the form of commuting was high but gradually decreased from the center to the outside.



In terms of the modern service industry and people’s accessibility to residences, a strong positive correlation with distance from the center in the inner suburban ring was shown, whereby the closer to the center of the inner suburban ring a residence was, the higher the accessibility was. However, in the central ring and outer suburban ring, there was a small or negative correlation between people’s accessibility to residences and the commuting distance between the central ring and the outer suburban ring. People’s accessibility to workplaces was strongly positively correlated with the distance from the center in the central ring. This gradually weakened moving outward and became negatively correlated with the distance from the center in the outer suburban ring. The following conclusions were drawn. First, the spatial separation of the workplaces and residences of people working in the modern service industry was prominent. Their residences were more concentrated in the suburban rings, and their workplaces were more concentrated in the central ring. Second, people living in the outer suburban ring had a higher probability of commuting by metro, but those living in the central and outer suburban rings had a lower probability of commuting by metro. Third, people who worked in the central ring had a higher probability of commuting by metro, but those who were employed in the suburban ring had a lower probability of commuting by metro.



In terms of science and technology services, regarding people’s accessibility to residences, a negative correlation between the commute distance in the central ring was found. However, regarding people’s accessibility to workplaces, there was a strong positive correlation with the commute distance in the central and inner suburban rings and a negative correlation with the commute distance in the outer suburban ring. It can be seen that the spatial separation of science and technology service employees’ workplaces and residences was prominent, and commuting mainly took place between the outer suburban ring and the inner suburban ring or between the outer suburban and the central ring. People living in the outer suburban ring and the inner suburban ring were more likely to choose the metro for commuting, and those working in the inner suburban ring and the central ring were more likely to choose the metro for commuting.



In terms of public service workplaces, people’s accessibility to residences was found to be positively correlated with the commute distance in the central ring and inner suburban ring but negatively correlated or not correlated with the commute distance in the outer suburban ring. This showed that public service employees were more concentrated in the central ring (where there were more government public departments) and the outer suburban ring (where there were more public departments in the original outer-suburban county-level urban areas, while the current outer suburban ring was mostly composed of new urban areas that developed from the combination of urban and rural areas). Public service employees were mainly short-distance commuters within the central ring or the outer suburban ring.





4. Conclusions


Recent research showed that the spatial separation in three metropolises (Beijing, Guangzhou, Shanghai) in China is relatively noticeable [58]. With the further development of metropolises, the urban structure, spatial layout, and urban functions are all changing, and the relationship between residences and workplaces has also undergone new changes [58], which requires related specific perspectives to study different cities’ situations.



Taking Guangzhou as a case, based on influence of metro transportation, this research assessed the spatial distribution of residences and workplaces by considering the urban resident and employed population that engages in metro transportation. We showed (1) the spatial distribution characteristics of residences and workplaces according to the different levels of accessibility to residences and workplaces; (2) the spatial distribution characteristics of service industry workplaces according to the commute characteristics of people from different service industries. This expanded the study of urban spatial distribution from the innovative perspective of accessibility and travelers’ industries.



There were three key findings from this research. First, future metro transportation route planning can be optimized by analyzing the spatial distribution characteristics of residences and different industries’ employee populations based on the existing metro transport network. Second, workplaces were concentrated in the central ring while residences were concentrated in the inner suburban ring in Guangzhou. Third, there was a relative concentration of workplaces in the same service industry and the workplaces of each service industry were concentrated in separate, respective areas of Guangzhou (Table 7).



The conclusions of this research could be used in practice to develop suggestions for optimizing the organization of urban metro transportation systems and the planning of workplace or residence locations. First, future metro transportation route planning can be optimized by analyzing the spatial distribution characteristics of residences and the type of employee population based on the existing metro transport network. Second, the spatial distribution of workplaces can be adjusted to relieve traffic stress. For example, (1) the backward traditional service industry (such as some old wholesale markets located in Guangzhou’s central areas) can be encouraged to transfer to the suburbs; (2) the modern service industry, which is excessively concentrated (as with the many financial industries concentrated in Zhujiang New Town, for example) can be encouraged to transfer to suburban areas where the new secondary center is; and (3) a flexible working system can be set up for the technology service industry.




5. Limitations


There are still some limitations in this research that need to be further improved upon in follow-up studies.



First, due to a lack of consideration of the commute direction, distance, time, speed, traffic transfer, and other factors, the accuracy of the research conclusion was affected. Taking the metro stations as the connection points between residences and workplaces to compare the accessibility to residences and workplaces around metro stations can only reflect the influence of metro transportation on the spatial distribution of residences and workplaces to a certain extent. With sufficient data, the influences of internal variables on metro transportation in the urban spaces of residences and workplaces could be further studied.



Second, there was a lack of consideration of other forms of transportation, such as private cars and public buses, which are largely complementary to metro transportation. In addition, there was a lack of consideration of aboveground rail transportation lines, such as trams, which can also affect the accurate evaluation of metro transportation in easing the spatial separation of residences and workplaces.



Third, the data used in this study were not comprehensive enough since only one day’s worth of metro card swiping data was studied in this research; therefore, the commute analysis was not comprehensive or sufficient enough to accurately distinguish the passengers’ destinations (residence or workplace). The distance threshold of 1500 m from metro stations failed to take into account the differences in using buses, bicycles, and other means of transportation. In fact, for travelers, it is normal and common that they use other forms of transportation on the ground before or after using metro transportation to reduce their travel costs, improving travel efficiency. However, this research only considers the influence of metro transportation.
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Figure 1. Guangzhou Metro Map. 
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Figure 2. The concept of the two-step floating catchment area model. 
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Figure 3. (a) Spatial distribution of residents and people traveling to a residence (number of people who entered metro stations during the morning peak periods and exited during the evening peak periods). (b) Spatial distribution of employees and people traveling to a workplace (number of people who exited metro stations during the morning peak periods and entered during the evening peak periods). 
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Figure 4. (a) Ratio between the accessibility to workplaces and the accessibility to residences (with metro stations around). (b) Ratio between the accessibility to workplaces and the accessibility to residences (without metro stations around). 
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Figure 5. (a) Accessibility to residences in Guangzhou. (b) Accessibility to workplaces in Guangzhou. 
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Table 1. The three geographic rings used in this study.
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Geographic Rings

	
Covered Area




	
Metro Line

	
Metro Stations

	
Distance






	
Central ring

	
Line 2

	
9 stations from Guangzhou Railway Station to Dongxiaonan Station

	
9.7 km




	
Line 3

	
9 stations from Tianhe Coach Terminal Station to Datang Station

	
13.1 km




	
Line 5

	
11 stations from Keyun Road Station to Guangzhou Railway Station

	
14.5 km




	
Line 6

	
14 stations from Tianhe Coach Terminal Station to Ruyifang Station

	
16.0 km




	
Inner suburban ring

	
Line 2

	
8 stations from Jiahewanggang Station in the north to Guangzhou South Railway Station in the south

	
10.9 km




	
6 stations from Guangzhou South Railway Station to Dongxiaonan Station

	
10.2 km




	
Line 3

	
7 stations from Jiahewanggang Station to Guangzhou East Railway Station

	
12.3 km




	
6 stations from Panyu Square Station to Datang station

	
19.8 km




	
Line 5

	
7 stations from Wenchong Station to Keyun Road Station

	
10.1 km




	
5 stations from Jiaokou Station to Guangzhou Railway Station

	
6.8 km




	
Line 6

	
11 stations from Xiangxue Station to Tianhe Coach Terminal Station

	
18.5 km




	
5 stations from Xunfenggang Station to Ruyifang Station

	
6.9 km




	
Outer suburban ring

	
Includes other stations from the central and inner suburban rings
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Table 2. Identification of the peak periods and two cohorts.
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Cohorts

	
Travel Period (Morning or Evening Peak Periods)

	
In or Out of Stations

	
Number of Passengers

	
Percentage of Total Passengers






	
People traveling to residences

	
Morning peak periods (07:00–08:00)

	
In

	
1.68 million

	
34.58




	
Evening peak periods (18:00–19:00)

	
Out




	
People traveling to workplaces

	
Morning peak periods (08:00–09:00)

	
Out

	
1.60 million




	
Evening peak periods (17:00–18:00)

	
In
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Table 3. Four main service industry types.
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	Main Service Industry Types
	Industries Included





	Traditional services
	Wholesale and retail trade, accommodation catering, and resident services



	Modern services
	Finance, real estate, transportation, business services, and cultural entertainment



	Science and technology services
	Information software industry and scientific and technological research



	Public services
	Public facilities management, education, social welfare, and public administration
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Table 4. Average accessibility, commuting distance, and reasons for differences in different rings.
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	Ring
	Average Commuting Distance
	Average Accessibility to Workplace
	Average Accessibility to Residence
	Main Reasons





	Central ring
	9.28 km
	1.8
	0.6
	There were more office buildings in the central area of Guangzhou, and the proportion of residents who commuted by metro was higher.



	Inner suburban ring
	13.49 km
	1.2
	1.9
	More residential areas were distributed in the inner suburbs, and the proportion of residents who commuted by metro was also higher.



	Outer suburban ring
	26.11 km
	0.7
	0.5
	The accessibility to residences was lower than that to workplaces in some areas with high industry clustering or important transportation nodes, such as in the Guangzhou South Station area in Panyu, the Baiyun airport area in Huadu, Huangge automobile city in Nansha, and Knowledge City in Huangpu.
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Table 5. Ratios of the employed population to the resident population in different industrial sectors.
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	Industrial Sector
	Central Ring Ratio
	Inner Suburban Ring Ratio
	Outer Suburban Ring Ratio
	Guangzhou Average Ratio





	Traditional service industry
	0.68
	0.37
	0.21
	0.44



	Modern service industry
	1.74
	0.85
	0.85
	1.23



	Science and technology
	1.84
	1.80
	0.57
	1.46



	Public service
	1.02
	0.87
	1.08
	0.98
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Table 6. Regression coefficients of accessibility to residences or workplaces and populations for four different service industry types.
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Central Ring

	
Inner Suburban Ring

	
Outer Suburban Ring




	
Industrial Sector

	
To Residence

	
To Workplace

	
To Residence

	
To Workplace

	
To Residence

	
To Workplace






	
Traditional service industry

	
0.218 **

	
0.200 **

	
0.144 *

	
0.127 *

	
0.130 *

	
0.106 *




	
Modern service industry

	
0.067

	
0.301 **

	
0.279 **

	
0.154 *

	
−0.408 **

	
−0.084 **




	
Science and technology industry

	
−0.145 *

	
0.270 **

	
0.282 **

	
0.210 **

	
0.239 **

	
−0.023




	
Public service industry

	
0.223 **

	
0.218 **

	
−0.211 **

	
0.066

	
0.191 **

	
0.209 **








Note: * p < 0.5; ** p < 0.01.
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Table 7. Spatial distribution characteristics of service industries in Guangzhou.
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	Industrial Sector
	Spatial Distribution Characteristics





	Traditional service industry
	mainly located within the central ring



	Modern service industry
	mainly located between the inner suburban ring and the outer suburban ring



	Science and technology
	mainly located between the outer suburban ring and the inner suburban ring or between the inner suburban ring and the central ring



	Public service
	mainly located within the central ring and outer suburban ring
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