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Abstract

:

Identifying the spatial association between commercial sites and residences is important for urban planning. However, (1) the patterns of spatial association between commercial sites and residences across an urban space and (2) how the spatial association patterns of each commercial format and different levels of residences vary remain unclear. To address these gaps, this study used point-of-interest data of commercial sites and residences in Beijing, China, to calculate colocation quotients, which were used for identifying the spatial association characteristics and patterns of commercial sites and residences in the city. The results show that (1) the global colocation quotient of commercial sites and residences in Beijing is below 1, indicating relatively weak spatial association. The spatial association between each commercial format and residences varies greatly and shows the characteristics of integration of high-frequency consumption and separation of low-frequency consumption. Additionally, the spatial associations between high-grade residences and commercial formats are relatively weak, whereas those between low-grade residences and commercial formats are relatively strong. (2) The local spatial association patterns of various commercial formats and residences exhibit obvious spatial heterogeneity. Overall, the proportions of various commercial formats attracted by residences are considerably higher than those of residences attracted by various commercial formats, revealing spatial asymmetry. Within the Fourth Ring Road, commercial formats are mainly attracted by residences, showing a spatial association pattern of “distribute commercial sites according to the location of residences”. The proportions of residences attracted by commercial formats increase outside the Fourth Ring Road, presenting a spatial association pattern of “commercial formats attracting residences”. The findings offer valuable insights into the development mechanisms of commercial and residential spaces and provide valuable information for urban planning.
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1. Introduction


Commercial sites and residences are the two dynamic and vital components of urban spaces. Owing to socioeconomic development, commercial sites and residences have become spatially dependent and closely connected physical spaces [1,2]. Traditionally, commercial sites and residences always present specific spatial associations. In early feudal society in China, the spatial association between commercial sites and residences manifested as the separation of “neighborhood” and “market” in the “Lifang system” [3]. After the middle of the Tang Dynasty, the spatial association between commercial sites and residences appeared as a combination of “neighborhood” and “market” in the “Jiefang system” [3]. In modern society, commercial sites are always concentrated around residences, and the development of commerce is dominated by the relocation of residences during suburbanization. All these phenomena reflect shifts in spatial associations between commercial sites and residences in the form of geospatial associations, such as distribution, distance, and topological associations. China’s rapid urbanization and population growth are causing polycentricity, decentrality, and even recentrality in its urban commercial and residential spaces [4]. Specifically, its residential spaces have been restructured as a result of the marketization of land and housing as well as increasing suburbanization [5]. Moreover, the rise of e-commerce and online purchasing has substantially altered the original urban commercial formats, which refer to the business forms or sales forms of commerce [4], and has shifted the focus from shopping to experiential consumption. These changes have resulted in a mismatch between commercial sites and residences in terms of scale, function, format, and distribution [4,5,6,7]. As the spatial association between commercial sites and residences has a significant impact on people’s daily lives and social fairness [8,9,10], investigating and assessing the spatial associations between commercial sites and residences is essential to streamlining commercial facilities’ and residences’ organization, increasing the efficiency of urban function allocation, and realizing scientific planning and management [11,12].



According to Tobler’s first law of geography, “all things and phenomena on the earth surface are spatially associated” [13]. Spatial association is a fundamental characteristic of geospatial phenomena and processes [14]. The spatial association between commercial sites and residences comprises three elements: commercial sites, residences, and the flow of consumption between them [15]. Current research has focused on two aspects: the physical spatial association between the distributions of the two types of spaces from a static perspective [4,16,17,18] and the functional spatial association based on the consumption behavior of the two types of spaces from a dynamic perspective [15,19,20,21]. Studies based on the dynamic perspective are often based on questionnaire survey data [22]. Owing to the number of samples in residential areas and the accuracy of data, determining the characteristics of the spatial association between commercial sites and residences in a whole city is difficult. By employing the concept of “self-containment” in the urban planning field, static research on this topic has mostly been conducted from a mixed-land-use perspective, referring to an appropriate commercial facility–housing ratio [23] or the spatial correlation between the distributions of commercial facilities and housing [4,24]. These studies have mainly focused on the static spatial correlation and mismatch between commercial sites and residences by employing land-use or point-of-interest (POI) data [4,25]. These two types of functional spaces affect each other’s spatial distributions in different ways and to varying degrees, and their spatial association is heterogeneous across a city. Moreover, people with varying sociodemographic traits often reside in residences of different levels in a city. The spatial association between each commercial format and residences of different levels also varies [24]. However, current analysis methods cannot capture the process and mechanism underlying the spatial association between commercial sites and residences, creating a research gap that needs to be filled.



With the advancement of big data collection and analysis technologies, POI data have become key data sources for explaining urban spatial organization. By reflecting the locations and attributes of geographic entities [26], POI data have expanded the research possibilities for urban spatial organization [27]. With the rapid expansion of urban commercial sites and residences, POI data with full-sample characteristics provide a new perspective for quantitative research on the spatial association between the two types of spaces. By adopting the concept of location quotient in economic geography, Leslie et al. [28,29] introduced a quantitative analysis method called the colocation quotient, which measures the directed spatial dependence among different elements. This method allows for the analysis of the spatial association among spatial elements from the perspective of asymmetric spatial dependence and of the spatial heterogeneity of spatial association at the local scale [30]. The application of this method has been widely recognized in research on the spatial association of a variety of situations, such as crime, urban planning, transportation, and public health, and it has become valuable for discovering the patterns of spatial interaction, dependence, causality, or symbiosis among spatial entities [30,31,32,33,34,35,36].



This study employs POI data of commercial sites and residences in Beijing and the colocation quotient to analyze the characteristics and patterns of the spatial association between commercial sites and residences. First, the global colocation quotient (GCLQ) is applied to explore the spatial association between different commercial formats and different levels of residences at the city scale. Second, the local colocation quotient (LCLQ) is applied to explore the local characteristics of the spatial associations between commercial sites and residences. The research aims to answer the following questions: (1) what are the spatial association patterns between commercial sites and residences across an urban space, (2) how do the spatial association patterns of each commercial format and different levels of residences vary, which commercial format in an area contributes to the development of residence, and which commercial format in an area is attracted by the development of residence? The findings of this research can help reveal the spatial development mechanisms of urban commercial sites and residences and create a commerce–residence balanced region, providing insights for urban planners to improve commercial accessibility, reduce consumption inequality, and achieve self-contained goals in the context of urban spatial restructuring.




2. Literature Review


2.1. Spatial Association of Commercial and Residential Spaces


Residents value having access to commercial facilities, and a livable residence is correlated with high commercial accessibility [17]. However, different residential areas may have different levels of commercial accessibility, leading to differentiated commercial and residential spatial associations, because business owners’ decisions about where to locate their establishments are influenced by the sociodemographic characteristics of residences [24]. Contrary to what the term “retail deserts” suggests, wealthy residential areas have better access to commercial facilities than residential areas with low household incomes and low levels of education, which exhibit few commercial facilities [4,6,9,12]. Few merchants enter high-poverty residential areas because of negative market conditions (i.e., low-income households are associated with low demand for goods and services) [9]. By contrast, high-income residents may keep specific unwanted commercial establishments that cause traffic or noise problems out of their local vicinity. These findings imply that high-income residents prefer to live in low-density residential areas [37] and suggest notable variations among different residential areas and different commercial formats in terms of spatial association between the two spaces.




2.2. Chinese Context


Suburbanization has led to the expansion and decentralization of urban facilities and populations [38]. Many mid- and high-income residents in North American cities have decentralized to suburban areas, while low-income residents remain primarily concentrated in city cores [39]. Apart from the suburbanization of the population, many commercial establishments have moved to suburban areas [40]. Thus, suburban residential areas in North American metropolises have high concentrations of commercial facilities [41]. However, Chinese cities present a suburbanization paradigm distinct to that in North America. Owing to the limited land and high housing prices in the city cores in China, manufacturing and housing are dispersed to suburban areas [42]. Low-income residents are the first to settle in suburban areas. In newly established communities in suburban area, the issue “retail deserts” has been raised [43]. As low-income residential areas are already at a disadvantage in the housing market and often face residential segregation, the self-contained community design norm has not been proven to be effective in practice. Thus, Chinese suburban areas have less self-contained and balanced spatial associations between commercial sites and residences than suburban areas in North America. Residents in China’s city cores seem to be more resilient to problems with commercial accessibility because commercial facilities are concentrated around residential areas [44].



Disparities in the spatial association between commercial sites and residences among different residential areas and different commercial formats is increasingly becoming prominent with regard to the growing urban spatial restructuring and residential segregation in urban China [45]. Thus, exploring the patterns of spatial association between commercial sites and residences and evaluating social justice in consumption among different residential areas are imperative.





3. Study Area, Data, and Methodology


3.1. Study Area


Beijing is one of the top 10 commercial cities in China and has a long history of commercial development and a variety of commercial functions. Beijing’s commercial spaces have gradually evolved from an early monocentric and pyramid-type structure to a polycentric and flattening structure with commercial centers showing complex formats during the past few decades [46]. Social segmentation and residential differentiation in this city have grown in importance because of housing marketization and rapid suburbanization [47,48]. The concentrated population and functions in Beijing have caused a series of serious metropolitan problems, such as traffic congestion, housing shortage, and high prices. Thus, since 2005, the Beijing government has initiated an urban master plan to relocate residential function and some industries from the city core. On the basis of the existing satellite towns, 11 new towns were planned to decentralize the population and urban functions of the city core. The suburbanization of residential function has been successful, whereas the diffusion of commercial facilities to the suburbs remains relatively insufficient, leading to a mismatch between commercial and residential spaces [49]. Thus, given the prominently uneven distribution of commercial facilities and residences in Beijing, it is an ideal city for the study on spatial association between commercial sites and residences.



Beijing has a total area of 16,410.54 km2, with 16 municipal districts under its jurisdiction. As we will explore differences among urban circles in terms of the spatial association between commercial sites and residences, we divide the city into four circles according to the Beijing Urban Master Plan (2016–2035): core area, central area, inner suburbs, and outer suburbs (Figure 1). The commercial centers in Beijing have four levels, namely, regional, municipal, district, and community (Figure 1).




3.2. Data


Third-party web data crawler tools were applied to obtain the POI data of commercial sites and residences from Baidu Map (https://map.baidu.com) on 20 December 2018 and Lianjia.com (https://www.lianjia.com) on 22 December 2018 (Figure 2). Baidu Map and Lianjia.com are reputable and popular platforms in China and have strict data quality control measures. The data on these two platforms are timely updated and reviewed by a large number of users. A series of preprocessing steps was completed before analysis. First, invalid data were eliminated by filtering data. Then, the coordinate systems of data from different sources were corrected and matched. Finally, the POI data were reclassified according to the needs of our study. We checked the accuracy of the data through map identification and sampling. The commercial POI data comprised various types of information, such as merchant name, address, latitude and longitude coordinates, and commercial format. According to the Chinese National Standard Classification of Commercial Formats and the attribute code of the commercial POI data, the commercial formats in Beijing can be divided into 10 categories (Table 1). A total of 235,549 valid commercial POI data were collected. Meanwhile, the residential POI data comprised various types of information, including residential neighborhood name, housing price, building age, and latitude and longitude coordinates. A total of 7618 valid residential POI data were obtained. Given that the sociodemographic characteristics of the residents in a neighborhood considerably influence the distribution of surrounding commercial establishments, we needed to classify the residences to determine the differences among the spatial associations of different residences and commercial formats. We used the average housing price of the residence to differentiate the grades of residences because of the lack of household income and family type of residence. According to urban planning and construction, residential neighborhoods are usually categorized into three levels: high-, middle-, and low-grade residences. To minimize the differences within groups and maximize differences among groups, we applied Jenks natural breaks algorithm to classify residences into three groups according to housing price (Table 2).




3.3. Methodology


The colocation quotient can effectively explore the spatial association between different elements and can be measured at the global and local scales, that is, global colocation quotient (GCLQ) and local colocation quotient (LCLQ) [30,36]. GCLQ is measured on the basis of the nearest neighbors and is calculated as follows:


    G C L Q   A → B   =    N  A → B   / N A    N B  / ( N − 1 )   ,  



(1)




where   G C L  Q     A → B       is the degree to which elements A are attracted by elements B;  N  is the number of all elements in the study area;    N A    is the number of elements A;    N B    is the number of elements B;    N  A → B     is the number of elements A having elements B as their nearest neighbors;    N  A → B   /  N A    is the proportion of elements B having elements A as their nearest neighbor in the study area; and    N B  /  (  N − 1  )    is the proportion of elements B that are the nearest neighbors of elements A in a random situation;   G C L  Q     A → B       indicates that the association between elements A and B is asymmetric, and its value can reflect the spatial association degree between the two elements. If   G C L  Q     A → B       is greater than 1, then the spatial association between elements A and B is strong, and elements A tends to be attracted by elements B. If   G C L  Q     A → B       is less than 1, then the attraction of elements B to elements A is weak, and the distributions of the two elements tend to be scattered. If   G C L  Q     A → B       is equal to 1, then elements A and B tend to be randomly distributed (Figure 3).



Cromley et al. [30] extended the GCLQ and considered the spatial heterogeneity of the association between different elements, and LCLQ can provide detailed site-specific association patterns and can capture the variability of association patterns across places. It can effectively reveal the spatial processes and potential driving factors of the development of regional associated elements. Thus, LCLQ is used to reveal the local spatial association between elements and is expressed as follows:


    L C L Q   A →  B i    =    N  A →  B i       N A  / ( N − 1 )   ,  



(2)






   N  A →  B i    =   ∑  j = 1  N    (     w  i j    f  i j       ∑  j = 1 ( j ≠ i )  N   w  i j       )    , ( j ≠ i ) ,  



(3)






   w  i j   = exp ( − 0.5 ∗    d  i j  2     d  i b  2    )  



(4)




where   L C L  Q  A →  B i      is the degree of elements A attracted by element Bi;    N  A →  B i      is the weighted average of the number of elements A in the neighborhood of element Bi;    f  i j     is a binary variable indicating whether point j belongs to elements A (values of 1 for yes, and 0 for no); and    w  i j     is the weight of point j, representing the importance of point j to element Bi and can be obtained by a Gaussian kernel density function. The farther point j is from elements B, the lower its importance to elements B and the smaller its weight    w  i j     are;    d  i j     is the distance between element Bi and point j, and    d  i b     is the bandwidth distance near the element Bi, which is determined by spatial adaptive filters [50];   L C L  Q  A →  B i      that is larger than 1 demonstrates that elements A are attracted by element Bi at a local scale. The presence of elements A are highly dependent on the presence of element Bi; the higher the value is, the more evident the colocation pattern is;   L C L  Q  A →  B i      that is less than 1 suggests that elements A are likely to be distant from element Bi at a local scale [30].





4. Global Characteristics of the Spatial Associations between Commercial Sites and Residences


GCLQ analysis of residences and various commercial formats (Table 3) shows that GCLQR→Ci and GCLQCi→R are less than 1, indicating that the spatial association between commercial sites and residences in Beijing is weak and presents the characteristic of relatively independent distribution. Considerable differences were observed in the GCLQR→Ci of the residences attracted by each commercial format; the following are the values in descending order: catering service > life service > specialty store > recreation and leisure service > convenience store > farmers’ market > supermarket > shopping mall > home building material market > home appliance and electronics store. Catering service and life service are the commercial formats with high frequency consumption and high demand. The highest GCLQR→Ci with values close to 1 are recorded for the residences attracted by these two commercial formats, indicating that residences are preferentially distributed near catering and life services. Recreation and leisure service covers a wide range of segmented commercial formats, and convenience stores, farmers’ markets, and supermarkets target daily family consumption. These four commercial formats are widely distributed, and the GCLQR→Ci values of the residences attracted by them are relatively high. The shopping mall, home appliance and electronics store, and home building material market are the non-daily consumption commercial formats characterized by a large market, small number, and fragmented distribution. Thus, the GCLQR→Ci values of the residences attracted by them are relatively low.



The GCLQCi→R of each commercial format attracted by residences differs from the GCLQR→Ci, and the values in descending order are as follows: life service > catering service > recreation and leisure service > convenience store > supermarket > farmers’ market > specialty store > shopping mall > home building material market > home appliance and electronics store (Table 3). The dense population distribution of the residential area has a strong attraction to the site selection of recreation and leisure service. Thus, the GCLQCi→R value of recreation and leisure service attracted by residences is higher than the GCLQR→Ci value. The GCLQCi→R value of convenience store and supermarket attracted by residences is also higher than the GCLQR→Ci value, showing that both have a strong attachment to residences as daily consumption commercial formats. The GCLQCi→R value of specialty stores attracted by residences is lower than the GCLQR→Ci value; the main reason is that some specialty stores rely on the distribution of large commercial centers and have a low degree of attachment to residential areas. Large-scale commercial formats, such as shopping malls, home appliance and electronics stores, and home building material markets occupy a relatively large area, and their location selection mostly considers factors, such as agglomeration and land price. Thus, these commercial formats are less attracted by residences, leading to their relatively low GCLQCi→R. The life service, catering service, recreation and leisure service, and convenience store are commercial formats with high daily consumption frequencies and small footprints. The GCLQCi→R values of these four commercial formats attracted by residences are close to 1, indicating that their location tends to be dependent on residence distribution.



GCLQ analysis of high-, medium-, and low-grade residences with each commercial format (Table 3) shows that the spatial associations between low-grade residences and commercial formats are relatively strong, whereas those between high-grade residences and commercial formats are relatively weak. High-grade residences are mainly clustered in the core and central areas with a relatively high land price (Figure 2). In recent years, the number of commercial formats in the core area has been reduced because of high operating costs and the policy of optimizing Beijing’s urban functions [44,49]. As a consequence, the spatial association between high-grade residences and various commercial formats is low. Low-grade residences present a spatial distribution pattern of clustering from the center area to the surrounding areas along major traffic arteries (Figure 2). The areas where they are located have relatively low land prices. Thus, the colocation characteristics of low-grade residences with commercial sectors are highly evident. Moreover, people living in low-grade residences mostly have a relatively low consumption level. Convenience is an important factor in choice of residence. The distribution of commercial formats with high frequency consumption has a stronger attraction to the distribution of low-grade residence than medium- and high-grade residences.




5. Local Characteristics of the Spatial Associations between Commercial Sites and Residences


5.1. Spatial Association Pattern of Commercial Sites and Residences


LCLQR→C analysis of the residences attracted by all commercial formats shows that 20.35% of the LCLQR→C in Beijing is greater than 1, and 68.29% of the LCLQR→C is between 0.9 and 1 (Table 4). The order of LCLQR→C values greater than 1 for the residences attracted by commercial formats in each urban circle in descending order is outer suburbs > inner suburbs > central area > core area. For the optimization of urban functions, the residents of the core area of Beijing have moved out. Meanwhile, commerce is highly clustered in the commercial centers of the core area, such as Wangfujing and Xidan, which have limited scale and formats. Thus, the spatial association between commercial sites and residences is weak in this area. In general, residence is characterized by an independent distribution from commercial sites. However, the residences around Wangfujing and Xidan show a strong dependence on commercial sites (Figure 4). For the outer suburbs, only a small number of residences are found. For consumption convenience, residences are concentrated around commercial centers in each district. Thus, the residences are highly attracted by the commercial formats (Figure 4), presenting a spatial association pattern of “commercial formats attracting residences”.




5.2. Spatial Association Patterns of Various Commercial Formats and Residences


5.2.1. Local Characteristics of Residences Attracted by Various Commercial Formats


Significant differences in LCLQR→Ci were observed among the residences attracted by each commercial format (Table 5). The proportion of LCLQR→Ci greater than 1 within the whole city has the following sequence in descending order: life service > catering service > specialty store > shopping mall > supermarket > farmers’ market > convenience store > recreation and leisure service > home building material market > home appliance and electronics store. Residences attracted by various commercial formats are generally characterized by the spatial association pattern of integration of high-frequency consumption and separation of low-frequency consumption. The proportion of LCLQR→Ci greater than 1 for the residences attracted by each commercial format in each urban circle increases outward from the core area to the outer suburbs. This finding presents a spatial pattern of “commercial formats attracting residences”, showing that the influence of commercial sites on the distribution of residence increases with distance from the city center.



In terms of the spatial characteristics of residences attracted by each commercial format (Figure 5), the LCLQR→Ci of the residences attracted by the four daily consumption commercial formats (convenience store, supermarket, farmers’ market, and recreation and leisure service) is the lowest in the core area and the highest in the outer suburbs. Specifically, the high land price and the optimization of urban functions in the core area of Beijing have reduced the survival space of these four commercial formats, resulting in their low level of attraction to the residences. In the central area, only residences located outside of the Fourth Ring Road are highly attracted by the convenience store. The residences between the Third and Sixth Ring Road are mostly attracted by the supermarket. Some large-scale farmers’ markets have been relocated outside the Fourth Ring Road to facilitate the transportation and trading of agricultural products, resulting in the poor spatial association between residences and farmers’ markets within the Fourth Ring Road. For recreation and leisure services, only the residences around the commercial centers, such as Sanlitun, CBD, Shilihe, and Shuangyushu, in the central area and the large residential areas, such as Wangjing and Qinghe, are attracted by this commercial format. Within the inner and outer suburbs, residences exhibit a strong spatial association with convenience stores, supermarkets, farmers’ markets, and recreation and leisure services. This finding indicates that the distribution of residences is dependent on these four commercial formats. Some areas within the inner suburbs close to the central area are not well supported by the daily consumption commercial formats (e.g., the east side of Mentougou, Liangxiang, Xihongmen, Tongzhou subcenter, and Huilongguan), and the residents prefer commercial centers in the central area. This situation results in the weak spatial association between the residences and these four commercial formats in this area.



The LCLQR→Ci values of residences attracted by life and catering services gradually increase from the core area to the inner and outer suburbs (Figure 5). Life and catering services are commercial formats with daily high-frequency consumption. These services are numerous and widely distributed. Thus, their LCLQR→Ci values are often greater than 1 in large residential areas and in the vicinity of some commercial centers. Life service shows a strong spatial association with residences in various places, such as Jianguomen in the core area and CBD-Sanlitun, Muxiyuan-Shilihe, and Wangjing in the central area. Life service highly attracts residences in the centers of districts in the inner suburbs, such as Changping, Shunyi, Tongzhou, and Daxing. Most of the residences in the outer suburbs are concentrated around the commercial centers and have a strong spatial association with life service. Catering service exhibits a strong spatial association with residences in various places, such as Xidan-Jianguomen in the core area and Shuangyushu, CBD and Muxiyuan-Shilihe in the central area. Residences around the commercial centers in the inner and outer suburbs are attracted by catering services.



Specialty stores covering complex commercial subcategories are mostly characterized by clustered distribution. A strong spatial association exists between residences and specialty stores in the Muxiyuan of the central area. In addition, specialty stores are mostly attached to commercial centers. Thus, a strong spatial association exists between residences and specialty stores in the commercial centers of Xidan and Sanlitun in the core area and Shuangyushu and Wukesong in the central area.



The LCLQR→Ci of residences attracted by the shopping mall, home building material market, and home appliance and electronics store are all low, showing that the distribution of residences is independent from the distribution of these three commercial formats. Given that shopping malls are often located in busy areas with convenient transportation, the degree of residences attracted is high around Xinjiekou, Financial Street–Xidan, Qianmen, and Jianguomen in the core area and Shuangyushu, Wukesong, Muxiyuan-Shilihe, and Sanlitun in the central area. Home building material markets and home appliance and electronics stores are non-daily consumption commercial formats with low consumption frequencies. They are mostly distributed in areas outside of the Third Ring Road with convenient transportation and low land prices. As a result, the LCLQR→Ci of residences attracted by home appliance and electronics stores and home building material markets is greater than 1 in areas around some commercial centers and on both sides of urban expressways or highways.




5.2.2. Local Characteristics of Various Commercial Formats Attracted by Residences


Significant differences between the LCLQCi→R of each commercial format attracted by residences and the LCLQR→Ci of residences attracted by each commercial format were found. The proportion of LCLQCi→R greater than 1 is significantly higher than that of LCLQR→Ci, indicating that the spatial association pattern of “distribute commercial sites according to the location of residences” in Beijing is more pervasive than “commercial formats attracting residences”. The LCLQCi→R in descending order is recreation and leisure service > convenience store > life service > supermarket > home appliance and electronics store > farmers’ market > shopping mall > catering service > specialty store > home building material market (Table 6). This finding shows that the spatial distribution of each commercial format exhibiting a mechanism of locational choice differs from the spatial distribution of residences. The proportion of LCLQCi→R greater than 1 for each commercial format attracted by residences in each urban circle decreases outward from the core area to the outer suburbs, presenting a significant spatial asymmetry characteristic compared with the LCLQR→Ci of residences attracted by each commercial format. The proportion of LCLQCi→R greater than 1 is high in the core area and the central area, indicating that the commercial formats within the central area tend to distribute around the residences, and the spatial association between commercial sites and residences presents the pattern of “distribute commercial sites according to the location of residences”. A number of large residential areas are found in the inner suburbs. However, the residents prefer the commercial centers with a wide range of formats in the central area, resulting in the lack of attraction of residences to the commercial formats within this area. Thus, the proportion of LCLQCi→R greater than 1 in the inner suburbs is relatively low. For the outer suburbs, the proportion of LCLQCi→R greater than 1 is also relatively low because of the low population size.



In terms of the spatial characteristics of each commercial format attracted by residences (Figure 6), convenience store, supermarket, farmers’ market, recreation and leisure service, catering service, and life service all present a pattern of being highly attracted by residences within the core area and less attracted toward the outer suburbs. These six commercial formats are characterized by daily high-frequency consumption and a relatively small service radius and tend to distribute within the central area with a large number of residences and a dense population. Except the area around the Wangfujing commercial center, the distribution of the six commercial formats within the core area is highly attracted by residences. The spatial association between these six commercial formats and residences is strong within the Fifth Ring Road in the central area but relatively weak outside of the Fifth Ring Road. The residences clustered in the inner suburbs, such as Liangxiang, Xihongmen, Tongzhou subcenter, Guotai, Changping, and Huilongguan, are strongly attracted to the distribution of the six commercial formats. The large number of residences on the east side of the Mentougou District in the outer suburbs attract the distribution of these six commercial formats. However, the spatial association between residences and these six commercial formats is weak in the other areas of the outer suburbs.



The proportion of LCLQCi→R greater than 1 for the specialty stores attracted by residences is less than 30% in the core area, central area, and inner suburbs and even lower in the outer suburbs (Table 6). Specifically, the specialty stores in the commercial centers in the core area, such as Xinjiekou, Financial Street, Xidan, Wangfujing, and Chongwenmen, are mostly dependent on the distribution of large-scale shopping malls, and the residences draw less attention to the distribution. The specialty stores in the commercial centers in the central area, such as Muxiyuan, New Shougang, Shuangyushu, CBD, Sanlitun, and Shilihe, are less attracted by the residences. The residences in the inner suburbs are mostly clustered in the commercial centers of the districts and collocated with specialty stores. Thus, the specialty stores around commercial centers within the inner suburbs have a good association with the residences. The specialty stores in Mentougou District within the outer suburbs are attracted by the residences clustered on the east side of the district, and the specialty stores in the other districts show an independent distribution from the residences.



Shopping malls, home appliance and electronics stores, and home building material markets present poor spatial associations with residences and are largely independent from the distribution of residences. The location selection of these three commercial formats is mainly influenced by factors, such as land price and transportation accessibility, and is less affected by the distribution of residences. The home appliance and electronics stores, home building material markets and shopping malls with better spatial association with residences are mostly distributed on both sides of urban expressways and highways. The shopping malls in the commercial centers of Wangfujing, Xidan and Sanlitun in the core area have weak spatial association with the residences, showing that their distribution is independent of the residences.






6. Conclusions and Discussion


The colocation quotient is used to measure the spatial association characteristic and pattern of commercial sites and residences in Beijing on the basis of the POI data of commercial sites and residences. The results demonstrated wide variations in the spatial associations of each commercial format and residences, exhibiting the characteristic of integrated high-frequency consumption and segregated low-frequency consumption. In addition, the degrees of various commercial formats attracted by residences are significantly higher than those of residences attracted by various commercial formats, reflecting the differentiated distribution mechanism of various commercial formats and residences. In terms of residences, high-grade residences and commercial formats have relatively weak spatial associations, whereas low-grade residences and commercial formats have relatively strong ones. These results are different from those obtained in North America, where the spatial associations of commercial formats with high-grade residences are strong and those in low-grade residences are relatively weak [41]. This discrepancy may due to the fact that the high-grade residences in Beijing are mainly clustered in the core and central areas with relatively high land prices. The number of commercial formats in the core area has decreased recently because of high operating costs and the policy of optimizing Beijing’s urban functions [44,49]. As a consequence, the spatial association between high-grade residences and various commercial formats is low.



LCLQ can effectively reflect the spatial heterogeneity of the spatial associations of various commercial formats and residences. The asymmetric spatial dependence of commercial sites and residences was found. The proportion of various commercial formats attracted by residences is significantly higher than that of residences attracted by various commercial formats. Within the Fourth Ring Road, the commercial formats are mainly attracted by residences, showing a spatial association pattern of “distribute commercial sites according to the location of residences”. However, the proportions of residences attracted by commercial formats increase outside the Fourth Ring Road, presenting a spatial association pattern of “commercial formats attracting residences”. The findings help reveal the spatial development of commercial sites and residences in Beijing. The spatial association between commercial sites and residences considerably varies between the north and south regions bound by Chang’an Street. The spatial association between commercial sites and residences is strong in the northern part of the city where the commercial facilities in the residential areas are relatively well developed. This finding partially explains residential preferences in the northern part of the city in Beijing. On the basis of the spatial association pattern of commercial sites and residences, strengthening the allocation of commercial formats of daily consumption and physical experience in residential areas can promote the balanced development of commerce and residence.



As a method to measure the spatial association between point elements, a colocation quotient is adopted to explore the spatial association between commercial sites and residences from the perspective of asymmetric spatial dependence and to investigate the spatial heterogeneity of the spatial association across the city. On the basis of the LCLQ analysis results, this study draws a spatial association pattern of commercial sites and residences, that is, “distribute commercial sites according to the location of residences” and “commercial formats attracting residences” from the city center to the outer parts of Beijing. As the political and cultural center of China, Beijing is experiencing a unique form of suburbanization of commercial and residential spaces because of population agglomeration and the urban function optimization policy. Whether the spatial association pattern of commercial sites and residence from the city center outward is applicable to other cities remains to be further verified.



Metropolitan areas in China are confronted with issues arising from the spatial imbalance between commerce and residence as urban space is restructured and residential segregation intensifies [15]. The distinctiveness of Beijing, as the capital of China, can cause the findings to be different from those obtained from other cities. This phenomenon is not the same as the inadequate commercial facilities of low-income neighborhoods in the city core of a North American metropolis, where decline in commercial services and the decentralization of mid- and high-income residents and commercial functions turn the city core into a habitat for low-income residents [39]. In Chinese cities, the city core is more developed than the suburban areas. The disparities between Beijing and North American metropolises are mostly due to differences in urban spatial restructuring processes. Therefore, the spatial association between commercial sites and residences in cities of different scales and urban structures should be further studied.
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Figure 1. Study area. 
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Figure 2. Commercial and residential POI data in Beijing. 
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Figure 3. Schematic of the spatial association of elements, (a) aggregated distribution; (b) randomized distribution; (c) scattered distribution. 
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Figure 4. LCLQR→C of the residences attracted by all commercial formats. 
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Figure 5. Distribution of the LCLQ of residences attracted by various commercial formats. 
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Figure 6. Distribution of LCLQ of various commercial formats attracted by residences. 
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Table 1. Classification of commercial formats in Beijing.
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	Commercial Formats
	POI Subcategories
	Number
	Proportion (%)





	Convenience store
	
	15,624
	6.63%



	Recreation and leisure service
	Karaoke television (KTV), bowling alleys, fishing parks, movie theaters, ski resorts, golf-related, fitness centers, game centers, skating rinks, agritainment, amusement parks, multipurpose sports stadiums
	23,361
	9.92%



	Supermarket
	
	7202
	3.06%



	Farmers’ market
	
	8542
	3.63%



	Catering service
	Chinese restaurant, fast food restaurant, tea house, cafe, bakery, foreign restaurant, hot pot restaurant
	97,198
	41.26%



	Life service
	Beauty salon, bath and massage, logistics and express delivery, laundry, telecommunication business hall, photography and printing, post office
	43,144
	18.32%



	Specialty store
	Personal goods store, sporting goods store, cultural goods stores, clothing, shoes, hat, and leather goods store
	38,838
	16.49%



	Shopping mall
	
	882
	0.37%



	Home appliance and electronics store
	
	457
	0.19%



	Home building material market
	Fabric market, lamp and porcelain market, home building material market
	301
	0.13%










 





Table 2. Classification of residential grades in Beijing.
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	Residence
	Housing Price (Yuan/m2)
	Number
	Proportion (%)





	Low-grade residence (LR)
	10,031–61,310
	4093
	53.73



	Middle-grade residence (MR)
	61,310–106,556
	2686
	35.26



	High-grade residence (HR)
	106,556–280,994
	839
	11.01










 





Table 3. GCLQ of residences and various commercial formats.
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	GCLQ
	R→Ci
	HR→Ci
	MR→Ci
	LR→Ci
	Ci→R
	Ci→HR
	Ci→MR
	Ci→LR





	Convenience store
	0.84
	0.68
	0.68
	0.85
	0.9
	0.75
	0.7
	0.93



	Recreation and leisure service
	0.86
	0.71
	0.81
	0.82
	0.92
	0.74
	0.82
	0.9



	Supermarket
	0.81
	0.43
	0.59
	0.78
	0.85
	0.47
	0.61
	0.87



	Farmers’ market
	0.82
	0.51
	0.59
	0.8
	0.8
	0.51
	0.58
	0.76



	Catering service
	0.97
	0.93
	0.95
	0.96
	0.95
	0.81
	0.85
	0.94



	Life service
	0.96
	0.82
	0.9
	0.95
	0.97
	0.79
	0.81
	0.91



	Specialty store
	0.96
	0.85
	0.87
	0.91
	0.77
	0.55
	0.63
	0.68



	Shopping mall
	0.75
	0.31
	0.45
	0.52
	0.75
	0.3
	0.43
	0.5



	Home appliance and electronics store
	0.52
	0.15
	0.24
	0.42
	0.65
	0.22
	0.24
	0.44



	Home building material market
	0.62
	0.11
	0.26
	0.51
	0.66
	0.06
	0.15
	0.47










 





Table 4. LCLQR→C of the residences attracted by all commercial formats.






Table 4. LCLQR→C of the residences attracted by all commercial formats.





	

	
Whole City (%)

	
Core Area (%)

	
Central Area (%)

	
Inner Suburbs (%)

	
Outer Suburbs (%)




	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1






	
Residences

	
20.35

	
68.29

	
8.61

	
78.07

	
21.58

	
70.01

	
22.92

	
62.77

	
41.16

	
38.27











 





Table 5. LCLQ of residences attracted by various commercial formats.
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Commercial Formats

	
Whole City (%)

	
Core Area (%)

	
Central Area (%)

	
Inner Suburbs (%)

	
Outer Suburbs (%)




	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1






	
Convenience store

	
16.11

	
12.43

	
3.68

	
5.89

	
7.94

	
11.24

	
34.05

	
20.21

	
55.23

	
2.17




	
Recreation and leisure service

	
11.71

	
19.73

	
2.06

	
5.52

	
12.22

	
25.19

	
11.13

	
21.30

	
56.32

	
1.08




	
Supermarket

	
19.75

	
9.14

	
2.94

	
1.84

	
15.65

	
10.21

	
33.52

	
13.03

	
54.87

	
0.36




	
Farmers’ market

	
17.40

	
7.43

	
4.86

	
4.56

	
12.66

	
6.94

	
29.39

	
10.22

	
54.15

	
7.22




	
Catering service

	
25.77

	
49.99

	
8.76

	
53.20

	
28.42

	
51.96

	
29.34

	
48.03

	
45.13

	
21.66




	
Life service

	
29.05

	
32.68

	
5.00

	
14.79

	
30.66

	
39.01

	
38.23

	
36.76

	
54.87

	
0.72




	
Specialty store

	
25.46

	
23.24

	
20.01

	
21.85

	
24.78

	
27.13

	
28.01

	
36.89

	
42.24

	
4.69




	
Shopping mall

	
19.90

	
1.23

	
16.41

	
1.47

	
21.20

	
1.39

	
19.35

	
0.95

	
23.10

	
0.00




	
Home appliance and electronics store

	
6.89

	
0.17

	
3.68

	
0.07

	
6.01

	
0.23

	
9.32

	
0.10

	
16.61

	
0.36




	
Home building material market

	
7.02

	
0.14

	
0.88

	
0.00

	
6.65

	
0.15

	
9.94

	
0.24

	
20.22

	
0.00











 





Table 6. LCLQ of various commercial formats attracted by residences.
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Commercial Formats

	
Whole City (%)

	
Core Area (%)

	
Central Area (%)

	
Inner Suburbs (%)

	
Outer Suburbs (%)




	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1

	
>1

	
0.9–1






	
Convenience store

	
38.92

	
4.64

	
82.33

	
7.69

	
63.43

	
6.08

	
23.02

	
4.42

	
4.76

	
0.82




	
Recreation and leisure service

	
44.73

	
5.06

	
88.54

	
6.87

	
64.71

	
8.32

	
44.06

	
4.6

	
3.14

	
0.24




	
Supermarket

	
31.99

	
6.79

	
84.53

	
27.21

	
44.44

	
8.68

	
18.07

	
6.16

	
8.62

	
3.16




	
Farmers’ market

	
26.85

	
11.27

	
66.76

	
8.76

	
40.72

	
6.95

	
22.24

	
6.9

	
4.17

	
0.91




	
Catering service

	
25.22

	
11.15

	
57.12

	
5.34

	
33.54

	
5.46

	
5.39

	
24.66

	
10.5

	
0.31




	
Life service

	
32.34

	
5.49

	
77.45

	
4.62

	
34.24

	
6.43

	
22.62

	
5.51

	
12.02

	
0.18




	
Specialty store

	
25.05

	
4.09

	
24.59

	
3.34

	
27.7

	
5.42

	
24.77

	
3.24

	
10.