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Abstract

:

The serious mismatch between industrialization and urbanization has led to the emergence of ghost cities. Industry-and-city integration aims to agglomerate industries and the population simultaneously by coordinating the planning and construction, and by mixing different functional areas including industry, office, living, and commercial functions. Based on the population spatial vector database of Jimei District in Xiamen in 2020, this paper empirically analyzes the effects of spatial patterns between industry and city, in terms of residential location and job accessibility, on the housing occupancy rate in new towns and cities. The findings demonstrate that: (1) The attraction of residential location to population varies among three different urban expansion models. The housing occupancy rate of residential areas that meet the concentric circle model is the highest, followed by the sector model, and the multiple nuclei model is the lowest; (2) The jobs–housing relationship has a stable and positive impact on the occupancy rate of commercial housing in the new town, which verifies that job accessibility is the basic demand for families’ residential location choice; (3) There is a significant pattern difference in the influence of job accessibility on the occupancy rate. The occupancy rate of the sector model residential area is highly dependent on job accessibility: the higher the job accessibility, the lower the occupancy rate of the concentric residential area, while job accessibility has a weak impact on the occupancy rate of the multiple nuclei residential area. The conclusions suggest that the spatial planning of new towns should include a clear population absorbing strategy, and the residential location should follow the expansion law of the urban residential functional area, balance the relationship between industrial agglomeration and the job–housing relationship, and allocate life factors in a targeted manner according to the actual impact of job accessibility.
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1. Introduction


China has undergone a strikingly rapid urbanization process since its economic reform starting in the late 1970s. In order to accommodate the increasing population and to ameliorate the overcrowding issues in the old city, physical urban expansion is an indispensable process. In China, in order to improve urbanization and industrialization, city expansion has been carried under different, and sometimes confusing and misleading titles, such as university, airport, and high-speed rail new towns (xin zhen)/new cities (xin cheng)/new districts (xin qu), because zhen/shi/qu also refer to administrative level and the new towns/cities/districts do not necessarily match the administrative jurisdiction area. The excessive planning and construction of new districts and towns around booming cities come at a cost of no or very low population density and a very high housing vacancy rate, resulting in the emergence of so-called ‘ghost cities’ [1,2,3]. A ghost city is not necessarily an administrative level of a city (shi in Chinese), but often a new district as a sublevel administrative division of the shi; for example, the most infamous ghost cities are Kangbashi District in Ordos [1], and Zhengdong New District in Zhengzhou [4]. The existence of ghost cities has caused significant economic and social costs, and a waste of land resources, which violates the development objectives of intensive use of land resources and high-quality urbanization [5,6]. The reason for the ghost cities can be attributed to the serious mismatch between industrialization and urbanization [7,8,9], leading to the emergence of new towns and districts without industries. Housing vacancy often coexists with housing congestion, which is the major source of public dissatisfaction with housing policies, and it is also a typical manifestation of land use spatial mismatch and low utilization efficiency [10]. Scholars have put forward the concept of industry-and-city integration [11]; industry refers to activities involving goods and services production, while city refers to residential and commercial facilities, and places of leisure. Industry-and-city integration aims to match and combine industry and infrastructure, industry and settlement, and eventually attract the population and reach a seamless integration among industry, city, and people [12,13].



The core of industry-and-city integration is to agglomerate industries and the population simultaneously by coordinating the planning and construction, and a mixture of different functional areas including industry, office, living, and commercial functions. For the new towns, the number of potential jobs is estimated through the expected scale of the industry, and a certain number of houses for potential workers are built. In this way, it aims to create a job–housing balance, a spatial match between employment opportunities and living spaces [9,14]. However, efforts to promote mixed land use and built self-contained communities often do not have good results, and the trend of “job–housing separation” has become more and more obvious [15].



In other words, there is disagreement on whether job–housing proximity or job–housing separation is more conducive to population agglomeration in new towns. For the former, it is believed that residents’ housing location and employment should be as close as possible to reduce commuting time, traffic congestion, and transportation costs. However, relying on decentralized job opportunities to achieve job–housing balance is at the expense of agglomeration’s economic gains. Industrial agglomeration can bring economic efficiency, so the spatial pattern of job–housing separation is conducive to enterprises concentrating more effectively, enjoying the economic advantage of agglomeration, and improving labor productivity. Job–housing balance requires that every enterprise can find suitable employees in the vicinity, and every worker can find suitable jobs around the place of residence, which is difficult to achieve in the labor market. Moreover, when there are multiple workers in one family, the places of work will be very scattered, and one place of residence cannot be balanced with multiple places of employment. Finally, with the increasing diversity of urban residents’ lives, families should consider not only job accessibility, but also all kinds of public services they need, such as schools, hospitals, green spaces, and commercial centers, which do not match the spatial distribution of jobs. Therefore, families may sacrifice job–housing balance to achieve the goal of maximizing their overall utility.



In reality, the family faces doubly constrained markets: the labor market and the housing market. The current understanding of the spatial relationship between industry and the city lags far behind the practical needs. Therefore, this paper attempts to clarify the application scenarios of the job–housing spatial relationship and its effect on the housing occupancy rate. This paper takes the housing occupancy rate of Jimei District as the dependent variable and examines the impact of job accessibility and housing site location. Job accessibility is calculated by the estimated labor market outcome (ELMO) model developed by Östh [16], which captures the state of competition in doubly constrained markets: the labor market and housing market. Housing site location considers and operationalizes the three models of urban expansion theories; i.e., the concentric zone model [17], sector model [18], and multiple nuclei theory [19].



This paper contributes to the current studies in the following ways. First, China lacks authoritative data on urban housing vacancies, and this paper provides a residential scale occupancy rate, instead of housing vacancy mainly based on either satellite images of nightlight brightness at the city scale, or on-the-spot investigation, or geographic location-based service data [1,2,20,21]. The accuracy of vacancy rate data obtained through survey or indirect inference in prefecture-level cities can meet the needs of national-level research. However, research on housing vacancies within cities needs to be carried out at the small-scale residential block level. Second, it connects the urban expansion model with the housing occupancy rate, and examines the difference in the job–housing spatial structure and population attraction mechanism under different urban expansion models; therefore it provides practical implications and room for urban planning and government intervention.



The paper is structured as follows. Section 2 reviews the literature. Section 3 presents the hypotheses, and is followed by methods and data in Section 4. Section 5 presents the empirical results, and Section 6 concludes.




2. Literature Review


2.1. Job–Housing Distance and Population Distribution in the City


Population agglomeration in suburban new towns has long attracted academic attention. Gibbs [22] pointed out that after the 1960s, the concentration trend of the rural population migrating to large cities turned to suburbanization, and the population began to move from large cities to satellite cities, and from metropolises to small cities, and the places of work and residence were increasingly separated. Goldstein and Mayer [23] proposed a typical pattern of population migration within North American cities during the period of rapid industrialization. Most new European immigrants settled in the old areas of the city, and then moved to areas with better housing conditions on the edge of the city through a generation or more of adjustment and socialization, and the inner circle of the city began to be abandoned. However, not all migrants could complete the migration from the inner circle to the suburbs. Only the high-level elite among the migrants tended to settle on the edge of the suburbs, while the young and middle-aged (unmarried, married without children) tended to still choose to live in the inner circle of the city. The emergence of a large number of “urban villages” after World War II is another notable feature of the population distribution of Western cities. The population size of rural communities adjacent to big cities is increasing, and rural residents mainly rely on urban employment, which also makes the distance between jobs and residences more and more distant. In the 1980s, the trend of suburbanization in Western industrial cities turned into gentrification [24]. The once-declining central urban area experienced urban renewal, attracting high-income groups to move in again, while the original residents moved out because they could not afford the cost of living. The distance between jobs and residences of ordinary wage earners working in the old city has widened, and excessive commuting has become a problem that damages the urban environment. To curb the waste of resources and pollution caused by the spread of urban suburbanization, the new urbanism that emerged in the 1990s put forward smart growth requirements for urban land use planning, advocating increased residential density and reduced commuting to reverse the dispersion of urban population since industrialization.



However, long-term vacancy of housing not only occurs in cities with population loss: there is also a high housing vacancy rate in peripheral towns of cities with population growth [25]. This is also the problem with China’s new towns, even in the eastern population growth cities [20,21]. Both the newly arrived migrant population and native residents of the old city do not tend to live in new towns, resulting in a relatively high vacancy rate of housing in the new towns. How land use planning can increase the population concentration of new towns has become the focus of China’s urbanization.




2.2. Industry-and-City Integration and Population Aggregation


In order to explore the population aggregation mechanism in the development of new towns in China, scholars put forward the concept of industry-and-city integration [11,12,13]. A high level of industry or urbanization cannot be directly translated into the attractiveness of the population. Instead, it is the integration of urbanization and industrialization, and the corresponding living and employment functions that meet people’s needs, which are the driving force for the gradual increase in population. Yue and Gu [12] emphasized that within the multi-dimensional integration of industry and city in terms of the natural geographical environment, urban functions, development stages, industry types, spatial scales, and historical and cultural characteristics, the integration of employment and residential space is most crucial. On this basis, it is generally assumed that the integration of employment–residential spatial relationships can attract more people to choose to live in new towns [26,27]. However, how to realize the spatial integration of industry and city causes difficulties in both theory and application, and theoretical development lags far behind practical needs.



In the field of land use and planning, the term closest to industry-and-city integration is job–housing balance, which is used to represent the matching degree between the number of laborers and the number of jobs in a city within a certain area [28]. In land use planning, advocating the layout of employment and residences close to each other and reducing the separation of jobs and housing has gradually become the mainstream spatial layout principle of urban planning practice in China. However, when some new town developers try to implement the concept of integration of industry, city, and people to build residential areas around the industrial parks, they find that the actual occupancy rate is not high. In other words, the job–housing balance to minimize commuting cannot be directly translated into the effect of population aggregation [29]. There should be a more complex mechanism of influence between the integration of industry and city and the attractiveness of population aggregation. It is necessary to conduct an in-depth analysis from the perspective of job accessibility and the behavior of residential location choice.




2.3. Job–Housing Balance and Residential Location Choice


The causal logic that the jobs–housing balance can promote population agglomeration mainly comes from the behavior of residential location selection at the micro level. Under the assumption of the classic single-center city model, all residents work in the CBD, and residents will make a trade-off between commuting costs and housing costs, so the choice of family residence becomes a problem of location choice. Since there are differences in employment opportunities, housing costs and commuting costs in each location, under the principle of utility maximization, residents tend to choose the residential location with the lowest commuting cost. Liu and Wang [8] used job accessibility to reflect the jobs and residences relationship in the region, and verified that the job accessibility of the region affects residents’ commuting time, thereby affecting the choice of residential location. By extending the microcosmic behavior of residents to the regional level, the area where the occupation and residence are close has the effect of attracting the population.



However, residential–employment mixed land use alone does not achieve high employment self-containment of residents [15,29]. There are many reasons for questioning job–housing balance’s effect on population aggregation. First, critics of the relationship between job–housing balance and commuting efficiency point out that the job–housing balance may not necessarily reduce commuting time, as it reduces external trips but may increase the congestion for the growing internal trips [30,31]. Ibeasb et al. [32] found that under different circumstances, it is job accessibility, not commuting time, which affects the choice of residential location. Second, the role of commuting costs in residential location decisions is not decisive. In real life, the selection of residential locations not only considers commuting costs, but also considers land prices, housing prices, and the distribution of public resources, and there are large differences in the selection goals of residential locations for different socioeconomic groups [33,34]. Through study of the Paris metropolitan area, Korsu and Wenglenski [35] found that the job–housing balance still plays a key role in residents’ job and residence location choice, but it is no longer the main factor in residential location choice. In other words, the job–housing balance is not the decisive factor in the location selection of jobs and residences, and is not a rigid principle that needs to be followed in the location selection of industries and residential areas. Third, under the market economy, job–housing separation has its inevitability and rationality. Zheng et al. [15] pointed out that the spatial pattern of “separation of jobs and housing” is conducive to a more effective concentration of enterprises, enjoying the advantages of agglomeration economies, and improving labor productivity. Relying on dispersed job opportunities to eliminate job–housing separation is at the expense of agglomeration economic benefits, which is often difficult to achieve in an urban spatial structure dominated by market forces.



To sum up, the research on urban sprawl focuses on whether the job–housing balance is conducive to population aggregation and enhances industry–city integration. The views in the literature that support or question the population aggregation effect of employment and housing are mainly from the micro level of family behavior, while the occupancy rate is a phenomenon at the level of residential areas. The distribution of population in a region cannot be directly inferred from micro-level behavior. Even if there are indeed factors that weaken the importance of job accessibility in the choice of family residential location, it does not mean that the distribution pattern of higher population density in areas close to jobs and residences will be changed at the residential area level. Second, as a spatial feature, the job–housing balance does not include the location factor and discussion of its relationship with population agglomeration. Therefore, this paper intends to focus on the occupancy rate of residential areas to explore the spatial variation law of the influence of job accessibility on occupancy rate.





3. Theoretical Hypotheses


Urban scientists and planners have put forward many theories to improve our understanding of the spatial urban expansion and functionality of cities. Among them, the most well-known are the concentric zone theory, the sector theory, and the multiple nuclei theory [17,18,19,36]. These theories take into account the coordination of residential–employment spatial relations, spatial function, and the realization of population growth. These Western classical urban expansion models are the main reference for Chinese urban planners in the land use planning of new towns and have been verified to a certain degree in Chinese literature [37,38,39,40,41,42,43]. The population density distribution in some Chinese cities presents an obvious concentric zone pattern, with the city center as the core and suburban new town as the extension. The population density decreases gradually from the inside out [40,41]. Sector urban expansion along main roads is a common strategy in the expansion of Chinese cities. For example, by studying the urban spatiotemporal dynamics based on remote sensing and GIS in Dongguan, Guangdong, Li et al. [42] revealed the wave-like characteristics of urban expansion along main roads. Under the influence of New Urbanism, the “group + TOD” planning model connecting new cities and old cities with modern closed transportations tools such as BRT, subway, and light rail has become increasingly popular, and the growth of urban spatial structure shows a multiple nuclei pattern [43]. However, few studies have explored the impact of urban spatial structure on housing occupancy rates, which is the starting point for the current paper.



Under different urban expansion patterns, the residential–employment spatial structure realizes different urban functions, and the reasons for attracting people to live are different. It should be noted that the job–housing relationship does not act independently on population agglomeration. It is the urban function formed by the combination of job–housing relationship and residential location that attracts people to live in an area. The housing occupancy rate varies due to the difference in the residential locations. Residential location and job accessibility both have influenced housing occupancy rates. Therefore, in the following section, we propose our hypotheses according to the combination of job accessibility and residential location under three urban expansion models; namely, the concentric zone model, the sector model, and the multiple nuclei model. To make it clear, we elucidate each model’s logic of attracting the population, and propose hypotheses on the relationship between the job accessibility and occupancy rate.



3.1. Concentric Zone Model and Occupancy Rate


Burgess’s theory of concentric circles divides the internal structure of the city into three rings: the central business district (CBD), the residential area, and the commuting area. The process of urban growth is that each ring expands its scope by invading the outer ring, and the urban spatial pattern after the expansion is still concentric circles [17]. Therefore, the location of the new residential area should be on the periphery of the expanded central business district and within the commuting area. At the same time, the expansion of concentric circles also emphasizes the close relationship between jobs and residences. It is advocated that the location of residential areas should be kept close to the commercial and industrial areas of workers, and the layout of high-end commercial residences in the outer commuting areas away from the center, so that the residential population is still concentrated. The population introduction mechanism of the concentric circle structure is to accommodate the residential needs of the growing population of the central business district by sharing the urban functions and facilities of the old city.



Although the concentric circle model has been criticized for having no real boundaries for the functional areas, this does not mean that the location of the concentric circles cannot be measured. In the Chinese context, cities have generally formed through the sprawl process of traditional monocentric old cities, with a central area with a high concentration of population and functions. As the population continues to increase, the population density gradually decreases from the inside to the outside. Therefore, the principle of site selection for residential areas that conform to concentric circle expansion is to arrange residential areas near high-density centers. In this way, residential population density is a reflection of the location characteristics for residential areas in the concentric zone urban structure. The higher the population density of a residential area, the closer it is to the central business district. Meanwhile, an increase in residential population density in suburban areas indicates that residential functions have been transferred to that area. Based on this, the hypothesis on the spatial relationship between industry and city and occupancy rate under the concentric circle expansion model is proposed:



H1. 

The higher the population density around the residential block and job accessibility, the higher the occupancy rate of commercial housing.






3.2. Sector Model and Occupancy Rate


The sector model, also known as the Hoyt model, is a modification of the concentric zone model of city development. Hoyt [18] argued that cities do not develop in the form of simple rings; instead, cities extend outward along the roads and railways and the expansion of cities is in a wedge-like fashion. The location advantages formed by the convenient circulation of the traffic arteries can promote the concentration of investment, industry, and population to the traffic arteries, and will gradually form an industrial belt with the traffic lines as the main axis. With the development of the economy and the expansion of the spatial scope of the development zone, the development zone is gradually integrated with the original urban area, making the original urban area expand into a belt. The spatial layout of the sector expansion model is to lay out new industrial spaces on both sides of the trunk road, and provide supporting residential spaces nearby. The sector expansion model is also a common strategy in the expansion of industrial cities or urban industrial areas in China, and has the characteristics of tidal wave expansion along traffic roads [42]. The urban expansion process presents an oscillation between the diffusion phase and coalescence phase. The former is a dispersed development of newly expanded patches after the newly built roads, while the coalescence phase refers to infilling in the urban complex or the expansion outward from the existing urban patches [44]. It can be seen that the population introduction mechanism of expanding the new towns in a sector mode is to provide living space for the employed population absorbed by industrial agglomeration and to attract the population to live with the convenience of employment and commuting. The main trunk roads across regions are the infrastructure for sector expansion, or axial expansion in Chinese literature [42], and are designed and constructed to intentionally highlight the purpose of improving commuting efficiency between new and old cities. The trunk roads usually adopt a closed road model similar to a highway with two-way multi-lanes and no traffic lights, and it is free of charge. The site selection characteristics of the sector expansion residential area are close to the main trunk roads across the region, and it is emphasized that the living space should be close to the employment space. Based on this, the hypothesis of the industrial–city spatial relationship and occupancy rate under the strip-shaped axial expansion model is proposed:



H2. 

The closer the distance to the cross-regional trunk road and the higher the job accessibility, the higher the occupancy rate of commercial housing.






3.3. Multiple Nuclei Model and Occupancy Rate


The multiple nuclei model advocates solving the problems of urban sprawl and population organic evacuation by building satellite towns and districts around large cities [19]. From the perspective of the process of regional economic development, new regional growth poles are always firstly concentrated in a few areas with better conditions, and they are distributed in spots. When clusters of growth poles appear, a complete regional functional center including employment, administration, commerce, and entertainment will be formed within a certain area. Then, traffic is built to connect the scattered centers so that the crowded population in the old city can be organically evacuated to the subcenter of the city, and finally realize the population distribution pattern of polycentric aggregation. Since 2000, under the influence of new urbanism, the “group + TOD” planning model that connects the new towns with the old city by means of modern closed transportation such as BRT, subway, and light rail has become increasingly popular [45,46]. The structural growth of Chinese cities is shifting towards polycentric.



The population import mechanism of the multiple nuclei expansion model is that the overpopulation of the old city drives the population to evacuate to other urban subcenters. In order to connect the multiple centers and transfer population rapidly, subways have been built. In the multiple nuclei model, the subway stations are often located at or near the functional center in new towns, such as administrative, leisure, medical, commercial, and residential centers. Unlike the sector expansion model, the polycentric “axes” are only responsible for the transfer of populations, not all factors of production. In other words, the essence of the multiple nuclei model is to greatly improve job accessibility and realize population dispersal by using the mobility of modern means of transportation. Therefore, the residential location characteristics of the multiple nuclei model are that they are adjacent to the main stations of the modern transportation network. Based on this, the hypothesis of the industrial–city spatial relationship and occupancy rate under the polycentric expansion model is proposed:



H3. 

The closer the commercial housing is to the subway station and the higher the job accessibility, the higher the occupancy rate of commercial housing.







4. Empirical Framework and Data


4.1. Econometric Model


We estimated the effects of job accessibility and residential location on housing occupancy using OLS regressions. The baseline model used takes the form:


   Y i  =  β 0  +  β 1   A i  +  β 2   M i  +  β 3   R i  +  β 4   D i  +  β 5   M i   A i  +  β 6   R i   A i  +  β 7   D i   A i  + ∑  α j   X i  +  ε i   








where Yi represents the occupancy rate of the ith residential block,    A i    represents the job accessibility, Mi is the distance between the residential block and the nearest metro station, Ri is the distance to the nearest trunk road, and Di represents the population density within 3 km of the residential block. Xi stands for the control variables.    M i   A i   ,    R i   A i   ,    D i   A i    are the interactions between job accessibility and the variables of the three location models, to examine the effect of residential location (see the conceptual framework in Figure 1).



In order to present the spatial difference of the influence of job accessibility on housing occupancy rate, this study used geographically weighted regression (GWR) to estimate the spatial heterogeneity of the job accessibility coefficient. The model is as follows:


   Y i  =  β 0  +  β  1 i      u i  ,  v i     A i  +  β 2   M i  +  β 3   R i  +  β 4   D i  + ∑  α j   X i  +  ε i   








where    β  1 i      u i  ,  v i      is the regression coefficient of the job accessibility    A i    at the ith sample point, and its numerical magnitude changes with the change of the point position. The coefficients for other variables do not vary spatially.




4.2. Variables


The dependent variable, the occupancy rate, was calculated by dividing the number of households living in the residential block by the number of housing units. Unlike the prior studies, in which the data were often obtained by estimation, the household information used was the information registered by the public security department, and the number of housing units in each residential block was provided by the planning department. The occupancy rate ranged from 0 to 100%.



The main independent variable was job accessibility, which represents the spatial relationship between the distribution of the labor force-age resident population aged 18–59 and the distribution of employment opportunities in the region. Prior models of job accessibility involve the summarization of potential job opportunities within the bounds of a predetermined boundary, which creates the problem of endogeneity since the delineation of the area is not made on basis of individual preferences but rather on the basis of conditions that are common to all individuals. In this study, we used the approach developed by Östh [16] to address endogeneity. The estimated labor market outcome (ELMO) [16] is a direct response to the need for the creation of an improved measure of accessibility, mimicking the state of competition in doubly constrained markets: the labor market and housing market. Compared with the traditional two-step search method, which only uses distance as a weight, the model takes into account the situation where different individuals compete for the same job. In other words, the EMLO three-step search model first computes the weight of job competition among firms, the weight of job search competition among labor forces, and then job accessibility.



Referring to Östh [16], the calculation of ELMO was conducted via three steps.



The first step was to search for job opportunities around the residential area within the realms of an annulus, and to measure the degree of job competition among residents. Assuming that the individual labor force has requirements on the distance between jobs and residences, job opportunities within a certain realm of an annulus r were acceptable, and job opportunities outside the circle were not considered. Then, we calculated the summed potential workers (Si) aged between 18 and 59 residing within the realms of an annulus of the jobs;


   S i  = ∑  s i   











The ELMO model assumes that job seekers have a distance preference for job opportunities, and are more interested in jobs that are close to them, and less interested in jobs that are far away. Therefore, the degree of interest of residents in residential area i in the jobs provided by enterprises in the surrounding area decreases with the distance between residential block i and enterprise j. Let wij be the degree of interest of the residents of residential block i in the job opportunities of enterprise j, and the number of jobs provided by enterprise j in the circle Dj. Then, the total amount of acceptable job opportunities ADi for residential block i is:


  A  D i  = ∑  D j   w  i j    








The Zi, the job competition coefficient, is the ratio of the total labor force supply in residential block i to the total available job opportunities within the realms of the annulus:


   Z i  =    S i    A  D i     











Zi reflects the employment supply and demand relations; if Zi > 1, it means that the supply of labor exceeds the demand, and there is job competition among the laborers. Conversely, if Zi < 1, it means that the enterprises within the realms of the annulus provide more job opportunities than the labor supply.



The second step is to search for labor supply around the enterprise, and to measure the degree of competition in recruitment among enterprises. Due to the distance between jobs and residence, enterprises can only recruit employees from residential areas with distances less than r. The job-seeking competition coefficient Zi of each residential block determines how difficult it is for enterprise j to recruit enough labor. The larger Zi is, the more difficult it is for enterprises to recruit employees from residential block i. The attractiveness of enterprises to labor still decays with the degree of distance wji. Therefore, the calculation of the number of potential job seekers AZj that enterprise j can recruit from the surrounding area is as follows.


  A  Z j  = ∑  Z i   w  j i    











  D  C i   , labor demand under competition, is calculated by dividing the actual demand for jobs with the competition value   A  Z i   . High competition (value above 1) decreases the amount of DC at the location, whereas low completion increases the amount of DC.


  D  C i  =    D i    A  Z i     











Centering on the location of the residential block, the third step is to search for effective job opportunities in the surrounding area, and calculate the job accessibility of the labor force in the residential area. The higher the   D  C i    value of the job’s popularity, the lower the possibility that the job seeker will secure the job. If the recruitment competition coefficient of enterprises in the circle is very low, the possibility of employees working in this enterprise is very low. Considering the distance preference Wij, ADC, the abbreviation of aggregation of demand for labor under competition is calculated as:


  A D  C i  = ∑  Z i   w  j i    











For a specific residential block, the effective number of jobs that the labor force is willing to go to and can go to is not equal to the jobs actually provided by the enterprises in the area. After considering the job competition among the labor force and the recruitment competition among enterprises, the effective job estimate EEi of the labor force is as follows:


  E  E i  = A D  C i  ∗  Z i   











Finally, the average number of available jobs for residents in residential block i is the job accessibility:


  A c c e s  s n  =   E  E i     n i     











The second independent variable is the residential site location, which is operationalized under three models of urban expansion theories; i.e., concentric zone model, sector model, and multiple nuclei theory. We used the proxies of the population density around the residential block (3 km), the distance to the trunk road (Xiamen–Shaxian Expressway and Shenyang–Haikou Expressway in this study), and the distance to the metro station (as Metro Line 1 connects multiple centers, such as the Jimei educational cluster and software park in Jimei District). For the latter two proxies, the reciprocal value was used in the model. The planning and development of new towns and districts usually use a combination of these three urban expansion strategies, and there is no clear boundary between the different modes of expansion. Therefore, the geographic location of each residential block conforms to the characteristics of the concentric zone, sectoral model, and multiple nuclei model to varying degrees.



Control variables include the distance from the Xiamen North Railway Station, real estate price (second-hand housing prices were captured from the Anjuke website in December 2020), delivery time of the residential block, and residential population characteristics. The reason for considering Xiamen North Railway Station was that Xiamen, as a regional central city, attracts a large number of home buyers from surrounding cities. Being close to Xiamen North Railway Station and convenient for dual-city living is an important principle for those home buyers. The behavior of home buyers from other places has resulted in changes in the occupancy rate around Xiamen North Railway Station. When analyzing the factors affecting the occupancy rate, the distance from Xiamen North Railway Station should be used as a control variable. Gaoqi Airport does not have this kind of influence and was therefore not chosen as a control variable.



The instrumental variable was chosen to address potential endogeneity between job accessibility and occupancy rate. We exploited the proportion of industrial land and proportion of residential land to the total construction land in the community where the residential area was located as our IV. The higher the proportion of industrial land, the more employment opportunities; the higher the proportion of residential land, the more living space; these two exogenous variables affect the level of job accessibility but have no direct impact on the occupancy rate of the residential block, which meets the requirement that exogenous variables affect independent variables but not dependent variables.




4.3. Overview of the Study Area and Data


This study used the Jimei District of Xiamen as a case study. Xiamen is located in the coastal area of Fujian Province, southeast China. The city has a territory of 1699.39 km2, geographically divided into two areas: Xiamen Island, which is the original and central area of the city, and Outside Island, which is a booming new area. Since 2000, Xiamen has experienced rapid urban and population expansion from the central city to the outer suburbs [47]. From 2000 to 2021, the city’s population increased more than 2.5 times, from 2.05 million to 5.16 million. The studied Jimei District underwent an even more explosive population increase from 0.148 to 1.04 million, or sevenfold.



Jimei District has experienced three different development modes, which provides an example for examining the urban expansion modes’ effect on the housing vacancy rate. In the first stage before 2003, Jimei was at the concentric expansion ring of Xiamen’s old city. Due to the spillover of the industries and population of Xiamen Island (old city), the southern part of Jimei, near the bridge connecting the inside and outside island, formed two suburban population centers. In the second stage between 2003 and 2010, the main reason for the expansion of Jimei was the opening of the Xiamen–Shaxian Expressway and Shenyang–Haikou Expressway, and the corresponding sectoral urban expansion and industrial agglomeration along the expressways. In the third stage from 2010 till present, Jimei was officially designated as a subcenter of Xiamen city, and the government began to build a software park, city park, municipal library, science and technology museum, administrative service center, and commercial centers, aiming to develop multiple centers. In 2010, Xiamen North High-Speed Railway Station began to operate, and in 2017, Metro Line 1 began to operate and connected municipal service facilities, commercial centers, high-tech industrial parks, and commercial residences. After more than 10 years of development, the population of Jimei reached 1.04 million in 2021, a comparable size to the old city. In the development planning of Jimei District, different urban expansion models and different strategies were used to develop industries and attract the population, making it a suitable object for the focus of this study. This paper focuses on Jimei District, rather than the entire city of Xiamen, as its research scope. It mainly examines the impact of the internal job–housing spatial relationship in the new city on occupancy rates. A comparative analysis of the three urban expansion models reveals spatial differences in the influence of job accessibility and the phenomenon of job–housing separation both inside and outside the island. The behavior involving work and living inside and outside the island will not interfere with the judgement of research conclusions.



The unit of analysis of this study is the residential block. There are two reasons why the residential block was used as the geographical unit. Prior studies often used the subdistrict level (the jiedao or town) or even at the city level [29,48]; the residential block is the smallest level; an analysis at such a level is more useful when it comes to conducting policy-relevant research. The second reason is that the residential block is the basic statistical unit of the census; the observation at such a geographical level would be consistent with that based on census tracts in other countries. This study collected spatial vector data on residential blocks and job opportunities, provided by the department of land and resources, public security, industrial and commercial department, and planning department. It includes 367 residential blocks, covering all types of housing; i.e., commercial housing, affordable housing, and 194 urban villages. At the same time, 392,000 household addresses were extracted from the public security’s population information, and data of 477,000 employees in 48,000 large, medium, and small enterprises. After converting the above data into vector information with geographical location, all of them were included in the land use spatial map, and an ArcGIS database including land, household, employment, housing, roads, and public facilities was constructed. The data used were aggregated at the residential block level and do not breach the privacy of individuals and families, and are available upon request from the authors.



Table 1 presents the variables. The occupancy rate is shown in Figure 2. The occupancy rate close to the main urban area on the east and west sides is higher, and the occupancy rate in the central and north is lower. Figure 3 shows that the distribution of job accessibility in Jimei District gradually decreases from east to west.





5. Results


5.1. Results of the Baseline Model


OLS regression was used to examine the interactive relationships between job accessibility and residential location on occupancy rate, as shown in Table 2. Under the condition of controlling other factors, the coefficient of the job accessibility factor was 0.069 and significant, consistent with expectations. No matter what kind of urban expansion mode, the job accessibility will have a certain impact on the occupancy rate. The results of the interaction term of job accessibility and urban expansion mode show that the effect of each residential location feature on job accessibility was not consistent with expectations. The interaction coefficient between job accessibility and the distance to the trunk road was 0.084 and significant, indicating that the closer to the trunk road and the higher the job accessibility, the higher the occupancy rate of the residential area. This means that under the sector expansion mode, the occupancy rate of residential areas is highly dependent on job accessibility, and Hypothesis 2 is verified. The interaction coefficient between the distance from the subway station and the job accessibility was not significant, which means that job accessibility had no significant impact on the occupancy rate of the polycentric residential area. Hypothesis 3 has not been verified. Unexpectedly, the interaction coefficient between the population density and job accessibility was −0.316 and significant, which is opposite to the prediction of Hypothesis 1. This means that the residential area developed by the concentric zone pattern excluded the proximity of employment and housing, and the proximity to employment opportunities was not conducive to the increase in occupancy rate. This result presents the difference between China’s urban structure change and the West’s. The rapid urbanization in the past 40 years in China has involved the simultaneous promotion of new city expansion and old city renewal, and the two trends of suburbanization and gentrification are intertwined. Compared with the outer suburbs, the central urban areas still have advantages in terms of public facilities, urban environment, and public services, and the population centripetal living pattern is still obvious. The demographic appeal of high-end residential areas in the outer suburbs has not yet taken effect.



Without considering the interaction effect, Model 2 is clearer about the differences in population attractiveness of urban expansion patterns. Under the concentric circle expansion mode, the surrounding rural population density has a significant positive impact on the occupancy rate. The distance from the trunk road representing the sector expansion has no obvious effect. However, the distance from the subway station, which represents the multiple nuclei expansion, has a significant negative impact on the occupancy rate. To sum up, it is generally verified that the jobs and housing relation is still an influencing factor for occupancy rates, and the spatial variation of job accessibility and occupancy rates can be grasped from the perspective of urban expansion patterns.




5.2. Instrumental Evidence


The results of the model re-estimation using the two-stage instrumental variable method are shown in Table 3. As Model 3 indicates, the proportion of industrial land and the proportion of residential land have a significant impact on job accessibility, and they meet the conditions of instrumental variables. The Hausman test showed that the chi-square value was −0.793, and the null hypothesis that all explanatory variables were exogenous could not be rejected. This implies a weak endogenous relationship between job accessibility and occupancy. The test of underidentification obtained an LM statistic value of 54.574 and a p-value of 0.000, less than 0.05, strongly refuting the null hypothesis of underidentification. Through the weak instrumental variable test, the statistics of Cragg-Donald Wald F and Kleibergen-Paap rk Wald-F are 40.163 and 42.328, respectively, both of which are greater than the 10% critical value of the Stock-Yogo test, refuting the null hypothesis of weak instrumental variable; that is, there are no weak instrumental variables in the equation. For the Hansen J statistics, we obtained a chi-square statistical value of 0.873, and a p value of 0.350, which was greater than 0.05, indicating that the null hypothesis of overidentification was accepted. The above test shows that the estimated results in Table 2 exclude the influence of endogeneity; the coefficient estimates of job accessibility and its related interaction items are basically consistent with the results of the baseline model, and the results of the hypothesis test are consistent with the baseline model.




5.3. Robustness Test


In the measurement of job accessibility, the distance decay, the spatial barrier between origin (residence location) and destination (workplace), is inversely related to its distance [49]. In other words, individuals located far from the job will have lesser availability than others. However, there is no definite principle for the setting of the job search radius and distance decay function [50,51,52]. The robustness test in this paper was to set cross-combinations of different search distances and distance decay functions, and then examine the corresponding changes in job accessibility coefficient and significance. The search radius was set at four levels: 5 km, 7 km, 9 km (Model 1 and 2 in Table 2), and 11 km, and four different decay functions were employed: Gaussian function, kernel density function, gravity function, and no distance decay.



The results are shown in Table 4. The robustness test of the search radius shows that it is a reasonable interval for the job search distance. Taking the Gaussian decay function as an example, Models 5–7 show how the coefficient of job accessibility varies with search distance. When the search radius is 5 km, the coefficient of job accessibility is not significant. As the search radius increases, the significance of job accessibility is the highest at 9 km (see Model 2), and then decreases at 11 km. In the models, the radius below 5 km means that only job opportunities within walking distance are accepted, while the radius above 11 km exceeds the boundary of the entire area (the built-up area of Jimei District is 126.9 km2, and the east–west and north–south straight-line distances are about 11 km). Within a reasonable search distance between 7 and 9 km, the job accessibility coefficients are all positively significant, thus verifying the robustness of the results from the perspective of the search radius.



The results in Models 8–10 show that the choice of the distance decay function is reasonable and the results of different functions are stable. The test results of Model 8 with no decay show that the coefficient of influence of job accessibility on occupancy rate is not significant, which is not surprising. Because if there were no difference in preference for working distance, employment and living space naturally would have no effect on housing location choice. It confirms that residents’ preference for nearby employment is the realistic basis for the close layout of jobs and residences. The results of Model 9 and Model 10 on the kernel density and gravity decay functions respectively show that the convexity and concavity of the decay function shape are sensitive to the job accessibility coefficient. Under the kernel density function, the job accessibility coefficient is positive and significant, while under the gravity function setting, the job accessibility coefficient is negative and significant. However, in the two function forms of convex and concave, the concave function does not match the practical meaning of job search behavior. The concave function means that the individual’s preference for short-distance job opportunities decays at an accelerated rate, while the preference for long-distance jobs decays more and more slowly. Therefore, the result of the concave function is more reliable. The output results of the Gaussian function of Model 1 and the kernel density of Model 9 are quite close, being 0.069 and 0.071, respectively. The robustness of the results is also verified from the perspective of the decay function.




5.4. Heterogeneity Analysis


The baseline model above validates the spatial heterogeneity of job accessibility under different residential locations. Figure 4 further shows the levels of job accessibility coefficient measured by geographically weighted regression (GWR). The colors red, orange, light blue, and dark blue in the figure represent the changes in the job accessibility coefficient from large to small. Figure 4 vividly reflects the spatial differences in the influence of job accessibility on the occupancy rate of residential areas in the concentric zone, sector, and polycentric expansion models.



The areas with the highest influence on job accessibility (red and orange areas) are along the two expressways, the north–south direction is the G25 (Xiamen–Shaxian) Expressway, the east–west direction is the G15 (Shenyang–Haikou) Expressway, and the intersection is Xiamen North Railway Station. There are many industrial parks along these two expressways. The high influence of job accessibility in these two belts confirms that the population agglomeration in the sector expansion model is highly dependent on job accessibility. Proximity to employment opportunities is a spatial condition for the occupancy of residential areas in this area.



The area with job accessibility in light blue is Xinglin Street (formerly Xinglin Town), which was the earliest suburb to realize road connection with the old city (Xinglin Bridge and Xiamen Bridge on the island). This area was the first to undertake the residential needs of the overflowing population growth in the old city, and a considerable number of residents are employed in the old city on the island. Job accessibility has an influence on the occupancy rate of the area, which confirms that under the concentric zone expansion mode, the occupancy rate of residential areas is not highly dependent on employment accessibility.



The area with job accessibility in dark blue is along the Metro Line 1, and it is an area developed by the multiple nuclei model. Job accessibility has the least influence on the occupancy rate of polycentric residential areas, indicating that the convenient population transfer reduces the commuting time to the new and old cities, and also significantly weakens the demand of new town residents for nearby employment. This finding is in conflict with the idea of the polycentric model. From the results, it can be seen that more employment cannot improve the occupancy rate of polycentric residential areas. It may be that there is a problem with the current strategy for the development of polycentric new cities. The proximity of the residential area to the station is not welcomed by residents. It does not mean that the polycentric new city does not need employment, but that there is a problem with the spatial relationship between residence and employment. The “sleeping city” lifestyle of living in a new city with long-distance commuting every day is not popular, and residents may prefer that job opportunities gather around subway stations. It is more suitable for low-frequency travel needs such as connecting industrial divisions, administration, and entertainment between sites.



In sum, the spatial differences in the influence of job accessibility on occupancy rate are relatively obvious, which is basically consistent with the spatiotemporal characteristics of urban expansion in Jimei District, further verifying the differences in population aggregation logic in different residential locations.





6. Discussion and Conclusions


This paper explores the theoretical mechanisms of job accessibility under different urban expansion models to promote population concentration in new towns. The research found that: (1) Job accessibility, which represents the spatial relationship between residence and employment, has a stable and positive impact on the occupancy rate of commercial housing in new towns. The proximity of job and residence is the basic requirement of Chinese families’ residential location choice, and the separation of job and residence is only a compromise of the constraints of residential choice. (2) Residential areas with different urban characteristics have varying degrees of success in attracting the population. The occupancy rate of residential areas that meet the characteristics of the concentric zone is the highest, followed by that of residential areas that meet the characteristics of the sector model site, and the residential area with polycentric site has the lowest occupancy rate. (3) The influence of job accessibility on the occupancy rate has significant differences in residential areas. The occupancy rate of residential areas in the sector model is highly dependent on job accessibility, and the higher the job accessibility of residential areas with concentric circles, the lower the occupancy rate. Job accessibility has no significant impact on the occupancy rate of the polycentric residential area.



The theoretical exploration of population agglomeration through the spatial integration of industry and city has great application value for improving the efficiency of land resource use, rationalizing the population distribution pattern, and maintaining the attractiveness of urban population. The implications and limitations of this study are further elaborated in following sections.



The research results enrich the understanding of the spatial integration of industry and city, and provide enlightenment for the integrated development of industry, city, and people. First, the planning of new towns must clarify population aggregation as the top priority. The functional positioning of new towns cannot be just as marketing symbols, such as cultural new city, ecological new city, financial new city, and subway new city. Preliminary research and forecasts should be carried out on the attractiveness of new towns, what kind of groups they can attract, and the expected size of the population gathering. Under the condition of having a relatively clear understanding of the industry level and scale of the new towns and the corresponding employment and lifestyle of the living groups, the development plan of the new towns should be carefully formulated and adjusted in a timely manner according to the population concentration. Second, the location selection of residential areas should be guided by the ecological laws of the transfer of residential functional areas. The concentric expansion of the suburbs is the easiest way to achieve population aggregation, and there is a trap of population aggregation in the leap-frog development of “sleeping cities” in the outer suburbs. Without the development of the industry first, the TOD development model overuses the convenience of the subway to increase the commuting distance between workers and residences [53]. It is only a long-distance version of the concentric zone expansion model. The use of the multiple nuclei model should still be based on the job–housing balance in new towns, and use the subway to connect urban functions such as urban employment, administration, entertainment, and public services to form a functional network, and the residential area should not be directly close to the transit station, but close to the employment and living functional area on the periphery. Third, make reasonable use of the principle of job–housing balance according to the spatial pattern of job and housing. Residential areas also have a cluster effect. The job–housing balance does not require a blindly scattered industrial layout, which hinders the industrial cluster effect. From the perspective of ensuring the residential occupancy rate, the residential area and employment space of the concentric expansion new districts should not intersect; the polycentric new districts need the employment space to be concentrated in a small area.



Scholars have pointed out that planning should avoid blindly implementing mixed land use at the macro level [54], and this is not conducive to industry agglomeration and orderly traffic travel [55]. Other studies show that from the perspective of the micro level of individuals, the streets with relatively high mixed land use are conducive to reducing the probability of job–housing separation [29]. From the macro level of urban development, the agglomeration of population and industries at their respective agglomeration clusters are the inevitable trends and requirements of urban development, but have also caused an imbalance and mismatch for population and employment. This is particularly true in metropolises like Beijing, where the employment is gathered in the central region, and the population continues to move into and scatter in the suburbs [48]. How to reasonably arrange the use of mixed land use at small scale under the spatial structure of industrial and population agglomeration at the macro level requires in-depth research. Reasonable urban land use is not only conducive to the performance of the economy, but also for residents to find employment nearby and reduce cross-regional commuting.



There is still much room for improvement in this study. First, the research scope was limited to the Jimei District rather than the whole Xiamen city. In the future, if the job search scope is expanded to the whole Xiamen city, and the impact of the job accessibility between the new and old cities and between the new urban areas on the population structure of the city is further explored, it will have a positive impact on the overall urban development and provide more valuable insights. Second, the assumption of homogeneity of job opportunities did not involve the structural matching between different industries, occupations, and levels of positions. In the future, under the condition of data availability, if we can master the laws of the job–housing relationship at different industrial levels, we can provide more specific suggestions on the characteristics of price, area, apartment type, and floor area ratio of the residential blocks. Third, living preferences are worthy of long-term monitoring. The underlying logic of the layout of job–housing relationship affecting population aggregation is the family’s preference for job–housing proximity. In the internet age, working lifestyles such as home office, cross-regional division of labor and collaboration, multi-site business operations, and frequent business trips may affect job–housing preference.
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Figure 1. Conceptual framework. 
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Figure 2. Spatial distribution of occupancy rate. 
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Figure 3. Spatial distribution of job accessibility. 
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Figure 4. Spatial pattern of job accessibility coefficient. 






Figure 4. Spatial pattern of job accessibility coefficient.



[image: Land 12 00912 g004]







[image: Table] 





Table 1. Definition and description of main variables.
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Variables

	
Descriptions

	
Min

	
Max

	
Mean

	
Std






	
Y

	
Occupancy rate: the number of households divided by the number of housing units

	
0.000

	
1.000

	
0.743

	
0.281




	
A

	
Job accessibility via ELMO

	
−2.029

	
2.153

	
0.000

	
1.000




	
M

	
1/distance to nearest metro station

	
−1.200

	
7.757

	
0.000

	
1.000




	
R

	
1/distance from residential block to trunk road

	
−0.257

	
15.456

	
0.000

	
1.000




	
D

	
Population density within 3 km

	
−2.648

	
2.177

	
0.000

	
1.000




	
P

	
log(housing price)

	
9.123

	
11.366

	
10.235

	
0.334




	
DX

	
1/distance to Xiamen North Railway Station

	
0.097

	
1.751

	
0.164

	
0.137




	
YX

	
Year of house delivery before 2000

	
0.000

	
1.000

	
0.453

	
0.451




	
Year of house delivery 2001–2010

	
0.000

	
1.000

	
0.165

	
0.372




	
Year of house delivery 2011–2012

	
0.000

	
1.000

	
0.111

	
0.315




	
Year of house delivery 2013–2014

	
0.000

	
1.000

	
0.111

	
0.315




	
Year of house delivery After 2015

	
0.000

	
1.000

	
0.160

	
0.367




	
Edu

	
Mean of education years in residential block

	
2.536

	
24.285

	
9.462

	
1.342




	
Labor

	
Proportion of labor force in residential block

	
0.250

	
0.983

	
0.645

	
0.084




	
IR

	
Industrial land ratio

	
0.000

	
0.656

	
0.151

	
0.205




	
RR

	
Residential land ratio

	
0.063

	
0.818

	
0.287

	
0.134
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Table 2. OLS regression of occupancy rate.






Table 2. OLS regression of occupancy rate.





	
Variables

	
Model 1

	
Model 2




	
Coefficient

	
Standard Errors

	
Coefficient

	
Standard Errors






	
A

	
0.069 ***

	
0.024

	
0.021

	
0.017




	
M

	
−0.048 ***

	
0.015

	
−0.035 **

	
0.015




	
M × A

	
0.008

	
0.048

	

	




	
R

	
−0.022

	
0.015

	
−0.009

	
0.014




	
R × A

	
0.084 *

	
0.054

	

	




	
D

	
0.004

	
0.016

	
0.024 *

	
0.015




	
D × A

	
−0.099 ***

	
0.018

	

	




	
P

	
−0.146 ***

	
0.051

	
−0.132 **

	
0.052




	
DX

	
−273.008 **

	
110.565

	
−186.025 *

	
113.971




	
YX

	

	

	

	




	
2001–2010

	
−0.007

	
0.039

	
−0.042

	
0.040




	
2011–2012

	
0.000

	
0.054

	
−0.058

	
0.055




	
2013–2014

	
0.073 *

	
0.053

	
0.096 *

	
0.055




	
After 2015

	
−0.132 **

	
0.045

	
−0.185 ***

	
0.046




	
Edu

	
0.004

	
0.011

	
0.015

	
0.011




	
Labor

	
0.420 **

	
0.179

	
0.120

	
0.175




	
Constant

	
1.992 ***

	
0.548

	
1.940 ***

	
0.558




	
R2

	
0.203

	
0.128




	
N

	
367








Note: * p < 0.1; ** p < 0.05; *** p < 0.001. The search radius of the job accessibility is 9 km, and the job preference is decayed with Gaussian function.
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Table 3. Results of two-stage instrumental evidence for the effect of job accessibility.






Table 3. Results of two-stage instrumental evidence for the effect of job accessibility.





	
Variables

	
Model 3

	
Model 4




	
Coefficient

	
Standard Errors

	
Coefficient

	
Standard Errors






	
IR (industrial land ratio)

	
−1.549 ***

	
0.220

	

	




	
RR (residential land ratio)

	
−2.235 ***

	
0.262

	

	




	
A

	

	

	
0.168 ***

	
0.058




	
M

	
−0.159 ***

	
0.031

	
−0.043 ***

	
0.0161




	
M × A

	
−1.173 ***

	
0.075

	
0.151 *

	
0.085




	
R

	
0.046

	
0.030

	
−0.026 *

	
0.015




	
R × A

	
−0.493 ***

	
0.107

	
0.130 **

	
0.058




	
D

	
0.011

	
0.036

	
0.011

	
0.016




	
D × A

	
0.332 ***

	
0.035

	
−0.138 ***

	
0.025




	
P

	
0.143

	
0.107

	
−0.214 ***

	
0.063




	
DX

	
0.413 *

	
0.220

	
−0.357 ***

	
0.119




	
YX

	

	

	

	




	
2001–2010

	
−0.311 ***

	
0.078

	
0.136**

	
0.065




	
2011–2012

	
−0.334 ***

	
0.108

	
0.057

	
0.070




	
2013–2014

	
0.022

	
0.106

	
0.103

	
0.071




	
After 2015

	
−0.267 **

	
0.089

	
−0.077

	
0.062




	
Edu

	
0.069 ***

	
0.021

	
−0.002

	
0.011




	
Labor

	
−1.235 ***

	
0.356

	
0.493 ***

	
0.188




	
Constant

	
−0.389

	
1.170

	
2.693 ***

	
0.679




	
Chi-sq(3)

	
−0.793




	
Kleibergen-Paap rk LM

	
54.574




	
Chi-sq(2) p-value

	
0.0000




	
Cragg-Donald Wald F

	
40.163




	
Kleibergen-Paap rk Wald F

	
42.328




	
Stock-Yogo 10% maximal IV size

	
19.93




	
Hansen J

	
0.873




	
Chi-sq(1) p-value

	
0.350








Note: * p < 0.1; ** p < 0.05; *** p < 0.001.
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Table 4. Robustness test on the impact of job accessibility on occupancy rate.






Table 4. Robustness test on the impact of job accessibility on occupancy rate.





	

	
Decay Function (Search Radius)

	
Model 5

	
Model 6

	
Model 7

	
Model 8

	
Model 9

	
Model 10




	
Variables

	

	
Gaussian (5 km)

	
Gaussian (7 km)

	
Gaussian (11 km)

	
No Decay

(9 km)

	
Kernel Density (9 km)

	
Gravity

(9 km)






	
A

	
0.006

	
0.030 *

	
0.046 *

	
−0.032

	
0.071 ***

	
−0.057 ***




	
M

	
−0.036 **

	
−0.044 ***

	
−0.049 ***

	
−0.043 ***

	
−0.047 ***

	
−0.004




	
M × A

	
−0.055 ***

	
−0.047

	
−0.040

	
0.050 *

	
0.033

	
−0.046 ***




	
R

	
−0.021

	
−0.020

	
−0.020

	
−0.014

	
−0.023

	
−0.008




	
R × A

	
0.101 **

	
0.088 *

	
0.090 **

	
−0.303 **

	
0.083

	
0.007




	
D

	
0.012

	
0.010

	
−0.004

	
0.023

	
0.005

	
0.021




	
D × A

	
−0.065 ***

	
−0.083 ***

	
−00.96 ***

	
0.020

	
−0.098 ***

	
0.017




	
constant

	
1.510 ***

	
1.626 ***

	
2.152 ***

	
1.644 ***

	
2.055 ***

	
1.623 **




	
R2

	
0.191

	
0.191

	
0.196

	
0.152

	
0.203

	
0.197








Note: * p < 0.1; ** p < 0.05; *** p < 0.001. The regression results of the control variables are omitted for space.
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