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Abstract

:

The sustainable development goals (SDGs) reflect the pursuit of achieving spatial justice. Both SDG 1.4 and SDG 11.1 reflect a concern for urban services. Life service resources, which are the new concept proposed by the Chinese government, also call for sustainable development path. However, few studies have focused on the realization of spatial justice in life service resources. This paper proposes a two-level, four-step analysis framework composed of quantity, structure, pattern, and coupling coordination to perceive the spatial justice of life service resources. Based on remote sensing technology and geographic information science, this paper acquires and analyses multi-source data including population density, building outlines, point of interests, subway lines, etc. Furthermore, the case study in downtown Beijing found the following: (1) The total life service resources are extensive and varying in type; (2) regional differences are evident and low-level equilibrium and high-level priority development coexist; (3) life service resources are concentrated in contiguous and multi-centre clusters with a greater north–south than east–west difference; (4) the overall level of life service resources is low, specifically for “high in the centre and low in the periphery” and “high in the east and low in the west”. Future management should consider narrowing the development gap and formulating industry development plans to improve spatial justice. Finally, the comparison between Beijing and London and more cities in the future needs to consider the urban development stage, population density, and other aspects.
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1. Introduction


The 2030 Agenda for Sustainable Development proposes 169 sustainable development goals (SDGs) and a new model of “people, planet, prosperity, peace, and partnership” placing humanism at the core of sustainable development [1]. Specifically, SDG 1.4 states, “By 2030, ensure that all men and women, in particular the poor and the vulnerable, have equal rights to economic resources, as well as access to basic services”. SDG 11.1 presents, “By 2030, ensure access for all to adequate, safe and affordable housing and basic services and upgrade slums”. These SDGs clearly point to a common issue, namely, that of urban services. In 2018, the World Urbanization Prospects indicated that, by 2050, the global urban population would increase by another 2.5 billion, and the urbanisation rate would increase to 68% [2]. This means that the disparity between the demands of the urban population and the supply of service facilities will continue to increase. This disparity is reflected in the supply shortage and the upgrading of service facilities’ types. In other words, with the development of urbanisation, the needs of residents are not limited to traditional public services (e.g., national defence, fire protection, medical treatment, transportation, education) but have grown to the life service resources (LSRs). This is particularly evident in China. In 2010, the output value of China’s life service industry was about CNY 3491.05 billion, accounting for 9% of the gross domestic product (GDP) [3]. This shows that the life service industry has long become a pillar industry in China, and the considerable demand for life service facilities cannot be ignored.



To ensure that everyone can share the benefits of urbanisation, the Chinese government developed the life service industry to establish a basic service system with “extensive coverage, rich business forms, and a reasonable layout”. In 2015, China’s State Council stated that “the improvement of the national income level has expanded the new demand for life service consumption, the continuous breakthrough of information network technology has expanded the new channels of life service consumption, and the implementation of major national strategies such as new urbanisation has expanded the new space for life service consumption. People’s demand for life services is increasing, the demand for service quality is beefing up, and the life service consumption contains huge potential great potential” [4]. In 2016, China’s Ministry of Commerce, in the Thirteenth Five-Year Plan for the Development of Residents’ Life Service Industry, define the different types of LSRs for the first time [5]. In 2019, China’s Ministry of Finance and State Administration of Taxation jointly issued a document that aimed to reduce life service enterprises’ financial burden [6]. In 2021, China’s National Development and Reform Commission presented several opinions on the problems of “insufficient effective supply, insufficient convenience sharing, and inadequate implementation of policies” for LSRs [7]. These policies demonstrate China’s increasing attentiveness to the fair allocation of LSRs.



Existing literature shows that LSRs can impact people’s daily lives in three dimensions: quantity, structure, and pattern. First, in terms of quantity, insufficient LSRs decrease residents’ satisfaction and social welfare [8,9]. From the viewpoint that everyone should meet specific living standards [10], it is unfair that some people do not have access to the resources necessary to achieve this goal [11]. Second, from the structure dimension, low-quality LSRs (e.g., fast-food restaurants, tobacco, alcohol, and gambling outlets) tend to be more prevalent in communities with a low socio-economic status [12,13,14], resulting in higher obesity, disease, mortality, and crime rates [15,16]. However, gentrified communities have more influence and resources for keeping low-quality LSRs out of their areas than socio-economically disadvantaged communities [12], which may exacerbate social spatial isolation [17]. Third, from the perspective of patterns, the uneven spatial distribution of LSRs is reflected in a concentration of areas with large passenger flow, strong road centrality, and traffic accessibility [18,19,20] and has become a common problem faced by many cities [9,21]. This not only hinders residents from enjoying life services conveniently [22], intensifying the spatial deprivation of poor communities and marginal groups [17], but it also inhibits the healthy development of the urban economy [23]. Fortunately, some studies have found several important factors affecting the spatial distribution of LSRs, such as urban planning [12], racism [24], consumption level [25], etc.



Although past studies have focused on characteristics of LSRs in different dimensions [25,26], few have integrated these scattered aspects. More importantly, there is a lack of a “people-oriented” theoretical basis in the existing studies. Therefore, the optimized configuration of LSRs failed to return to the goal of meeting human needs in time. Spatial justice (SJ) theory emphasizes the balanced distribution and equal access to public goods or services [27,28] and advocates that human beings should have equal access to various social resources in space [29,30]. We note that this theory seems to be no longer limited to managing basic public service facilities but has gradually extended to some fields initially configured only by the market mechanism, such as energy utilization [31,32]. The Chinese government has only recently proposed LSRs, which have the characteristics of high daily use frequency and low use price. This indicates that LSRs may be generated with the goal of making profits; however, in the long run, due to its social resource nature, government intervention (especially for socialist countries such as China) and the improvement in people’s demand level (after meeting basic public services, people hope to improve the quality of life), the realistic situation and realisation path of LSRs’ SJ should also be studied in depth.



It is worth noting that the research on SJ is showing a quantitative trend. Usually, scholars link urban facilities, population, income, and other socioeconomic factors for analysis. There are three representative approaches. The first is to design new indices. For example, residents living in the suburbs are forced to incur more commuting costs than those living in the downtown area. This further leads to differences in affordability for residents, thereby exacerbating spatial injustice. Thus, some scholars have designed a new index named H+T, which is the ratio of living costs (housing costs, transportation costs) to income [33]. The second is to identify key factors. Some scholars have used lots of methods (literature analysis, group discussions, expert interviews, and questionnaires) to determine the relevant factors that affect the SJ of public open space. Then, they determine the importance levels of SJ influencing factors by Exploratory Factor Analysis (EFA) and Fuzzy Synthetic Evaluation (FSE) methods [34]. The third is to construct complex models to analyse the drivers of SJ. For instance, one study has assessed the differential impact of various factors on SJ through Random Forest and SHAP Tree Explainer. It shows that Mean Commute Time can enhance SJ, while Medical Facilities Count and Food Desert Count will reduce SJ [35]. In another study, it is revealed by using structural equation modelling (SEM) that the upward mobility of compact regions is significantly higher than that of sprawling areas [36]. Consistent with the above-mentioned research, this paper aims to quantify SJ. However, due to the particularity of the research object (LSR is a new concept recently proposed by the Chinese government, and it is difficult to find the alternative data), the paper explores the SJ of LSR from the “distribution perspective”; that is, residents in different regions can share the same or similar LSRs. As an exploratory study, we look forward to obtaining more data for in-depth analysis in the future.



To sum up, this paper addresses the following three questions: (1) Why should SJ be considered when studying LSRs? (2) How should SJ be applied and interpreted for LSRs? Finally, (3) what strategies should the government use to optimise the allocation of LSRs? This paper will include a discussion of the specific characteristics of LSRs, explain why SJ should be considered, and describe the current status of SJ for LSRs. Furthermore, an SJ evaluation framework will be developed for LSRs that fully integrates the advantages of big data and geographic information systems (GIS) [37,38,39]. Using data from downtown Beijing, China, this paper provides a feasible framework for optimising the allocation of LSRs that can be used as a reference for other regions.



This paper responds to SDG 1.4 and SDG 11.1 proposed by the United Nations and uses a variety of geographic information science methods to analyse the optimal spatial allocation of LSRs in the downtown Beijing. The multi-source data (population density, building outline, points of interest, subway lines, etc.) and geographic information science methods (nearest neighbour, kernel density, standard deviation ellipse) used in this paper reflect the important value of GIScience and remote sensing for the sustainable management of urban services.




2. Theoretical Analysis Framework


2.1. Why Should SJ Be Considered When Studying LSRs?


LSRs refer to various service activities and services provided to meet the daily needs of residents and are closely related to living consumption. In 2016, China’s Ministry of Commerce divided LSRs into eight categories: (1) catering, (2) accommodation, (3) housekeeping, (4) dyeing, (5) bathing, (6) beauty salons, (7) appliance repairs, and (8) portrait photography [5]. SJ theory was first used to describe the inequity caused by insufficient public services in the 1960s [40]. Since then, many scholars have improved this theory. Henri Lefebvre criticises the opinion that “space is container and field” while advocating that social space is a product of society [41]. David Harvey proposes the concept of “territory redistribution justice”—the fair, just geographical distribution of social resources [42]. To condemn space deprivation and exclusion, Edward Soja encourages marginalised groups to fight for urban rights [43]. At present, SJ is generally regarded as social equity and justice regarding space rights and the interests of citizens in the urban field. Specifically, urban residents have the right to equal participation in all urban space production processes and all kinds of social life; all residents enjoy the benefits provided by urban life (especially high-quality urban centres); various forms of spatial isolation and restriction should be prevented; spatial marginalisation of vulnerable groups should be avoided; and the cultural discrimination and repression of space should be eliminated.



From the perspective of demand, LSRs should be configured based on SJ because the balanced allocation of LSRs is in line with the goal of SJ. LSRs are closely related to people’s daily lives and are frequently used service facilities. Abraham Maslow’s Hierarchy of Needs divides human needs into five levels from bottom to top: physiological, safety/security, love/belonging, esteem, and self-actualization [44]. Examining SJ and LSRs from the level of physiological needs, if a person is hungry and needs to eat, they will often turn to what is readily available (e.g., fast food restaurants, dessert shops, pastry shops). Furthermore, from the level of safety/security, when people are faced with problems, such as pipeline blockage or electrical damage, they need to obtain services, such as professional home appliance maintenance services, which may be determined by the proximity to their location. Therefore, meeting these types of needs are inseparable from the placement of LSRs. This also aligns with SJ’s goals, such as enabling them to enjoy the benefits brought by urban life, especially in high-quality urban centres [30]. In addition, SJ should be considered when establishing LSRs targeting the multilevel needs of residents, as the spatial injustice of LSRs will affect the total demand and long-term demand for these services. Compared to services such as the national defence and police and fire control, people use LSRs more frequently. Regardless of which LSRs are lacking, residents’ happiness and social stability will decrease. The differential production of LSRs by capital will eventually result in spatial plunder or spatial injustice of LSRs, such as spatial isolation, right occupation, or the social reconstruction of vulnerable groups, which leads to the decline of cities [42].



From the supply perspective, SJ theory can inform the sustainable supply of LSRs. The used price of LSRs is low so that most people can enjoy life services, including catering, accommodation, beauty salons, etc. This is in line with the SJ principle of “universal benefit”. However, maintaining this principle is challenging. Based on the current situation in China, the main suppliers of LSRs are individuals and enterprises, who are most often interested in making a profit. Obviously, relying solely on the market mechanism is prone to uneven space supply of LSRs. This supply issue further restricts people’s space rights. Hence, in addition to the market, we also need SJ theory to inform the reconstruction of spaces with diversity and diversification as the core [45].



From the perspective of SJ theory, life services can be regarded as a unique spatial production. In the process of practice, life services produce not only natural spaces (e.g., restaurants, hotels, and dry cleaners) but also social spaces generated by activities (e.g., guided use and after-sales service). In short, the space shaped by life services is based on the unity of natural space and social space. The problems exposed in life services, such as unreasonable service radius and lack of service items, involve natural space and social space. The SJ theory provides an “internal basis of legitimacy and rationality” and “effective value norms” for the balanced allocation of LSRs [30].




2.2. How Should SJ Be Applied and Interpreted for LSRs?


The existing SJ analysis framework is mainly measured from three dimensions: (1) quantity, (2) structure, and (3) pattern. These dimensions allow us to understand the SJ of service facilities, but some shortcomings still exist. These include a lack of systematic perspective, which is not conducive to the formation of a complete understanding of service facilities; insufficient research content where most of the existing studies have focused on descriptive analyses of service facilities but failed to further correlate with the needs of residents; and a limited effective evaluation strategies with most of the existing studies using ethnography, investigation, and interview to evaluate SJ, which require high time and cost resources [46].



To bridge the above gaps, this paper proposes a two-level, four-step analysis framework (Figure 1). The framework is used to achieve the distribution justice of LSRs; that is, residents in different regions can share the same or similar LSRs. The applicability of this framework will be described in detail below.



First, the basic level consists of three dimensions: quantity, structure, and pattern. Quantity refers to the number of LSRs, where the total amount of service facilities in a region determines the overall level of residents’ enjoyment of services. If the number of service facilities is insufficient, residents will not be able to make full use of service facilities, further resulting in a sense of injustice. This quantitative difference is a crucial reason for the difference in justice between the rich and the poor [47]. Structure refers to the configuration of different LSRs, where different service facilities have their own characteristics and can meet the diverse needs of residents. A balanced service facility structure can meet the diversified needs of residents. If the structure of LSRs is unreasonable, the multilevel needs of residents cannot be met simultaneously, which will create negative emotions. Hence, emphasising a balanced combination of different service facilities has become an essential trend in modern urban management [48]. Pattern refers to the spatial distribution pattern of LSRs, which affects residents’ access to services. If certain types of service facilities are concentrated in one area, it is difficult for residents in other areas to conveniently use such facilities. This violates the just principle that residents in different regions should enjoy services equally [49]. The above three dimensions combine quantitative statistical analysis (descriptive statistics, information entropy) and spatial analysis methods (nearest neighbour, kernel density, standard deviation ellipse).



Second, the expansion level aims to assess the degree of spatial matching between the LSRs and population distribution. Previous studies generally believe that the lack of resources or uneven spatial distribution is an injustice phenomenon [40]. This simple understanding is easy to accept but difficult to verify. The analysis based on “quantity, structure, and pattern” provides credible evidence to evaluate SJ, but it needs further development. In other words, it cannot be taken for granted that every resident is satisfied simply because there are a large number of LSRs. Therefore, LSRs should be associated with population demand and assessed by their coordinating degrees in space. Using this type of “coupling coordination”, we can identify the matching degree between each LSRs type and the local population simultaneously. Urban managers can use the above results to guide the spatial allocation of LSRs.



This new analysis framework integrates the steps of “quantity, structure, and pattern” and directly connects LSRs with population demand. There is currently no formal method for evaluating the SJ of LSRs in China; however, the combination of GIS data and spatial analysis can be called a strict and comprehensive method [50].





3. Data and Methods


This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn.



3.1. Area Description


Beijing is the centre of China’s political, cultural, and international exchanges and technological innovation. It has experienced significant population growth within a limited area in past decades, creating a massive and diverse demand for LSRs. Therefore, exploring the quantity, structure, pattern, and population matching of Beijing’s LSRs has important practical significance.



Influenced by the city’s transforming functional structure, foreign investment, and migrants, Beijing’s social polarisation and new urban poverty have increased [51]. From 2000 to 2010, Beijing’s industrial structure adjustment and spatial evolution further reconstructed the urban social space [52]. In 2017, the urban sustainable development goals of an “intensive and efficient production space, moderate living space, and beautiful ecological space” were proposed. Downtown Beijing was chosen as the current study area for three reasons. First, the economy is strong. In 2018, the GDP here accounted for more than 70% of the city’s GDP. Second, the concentrated population is large. In 2018, the permanent population here accounted for about 55% of the city. Third, there is variability in the supply and demand of LSRs. The living needs of different groups of people are intertwined. According to the Beijing City Master Plan (2016–2035), the downtown area includes the Dongcheng, Xicheng, Chaoyang, Haidian, Fengtai, and Shijingshan districts (Figure 2).




3.2. Research Methods


3.2.1. Descriptive Statistics


We used descriptive statistics to find the quantity of various LSRs. The LSRs data obtained are counted, and their proportion is calculated.




3.2.2. Information Entropy


This paper calculates balance and dominance based on previous studies [53]. First, we use Shannon’s information entropy Equation to define the information entropy of the LSRs as:


  H = −   ∑  i N   P i  l n  P i  = −   ∑   i = 1  N     A i  /   ∑  i N   A i    l n    A i  /   ∑  i N   A i    ,  



(1)







In Equation (1), A is the total number of point of interests (POIs) of LSRs in an area. LSRs in this area are divided into N types, and the number of POIs of each type is Ai (i = 1, 2, …, N). Pi is the percentage of the number of POIs per service type (equivalent to the probability of occurrence of this type of service), and the value is normalised. H is the information entropy of the residents’ life service system, reflecting the balance of the types of LSRs within the region. A higher entropy value means more abundant types of LSRs. Notably, when the number of POIs for each type is entirely equal, the occurrence probability for each type is equivalent to 1/N, and the maximum information entropy is Hm = lnN.



Second, the ratio between the measured value and the maximum value of information entropy can be regarded as the equilibrium degree of the life service structure:


  J = H /  H m  = −   ∑  i   P i  l n  P i  / l n N ,  



(2)







In Equation (2), J is the equilibrium degree, and the value location is (0, 1). The remaining parameters are the same as in Equation (1). The closer the J value is to 1, the life service structure of LSRs moves closer to being balanced.



Finally, the concept of dominance is introduced to assess the concentration level of the life service structure:


  I = 1 − J ,  



(3)







In Equation (3), I is the dominance, and the value location is (0, 1). A value closer to 1 indicates that there is one or more dominant type(s) of life service(s) in the area.




3.2.3. Spatial Analysis Method


First, we investigate the spatial concentration of LSRs. The average nearest neighbour index is calculated by ArcGIS 10.1. It compares the average observation distance of a particular type of POI with the expected average distance based on a random distribution to determine the aggregation or dispersion of features. The Equations are as follows [54].


  R =  d i  /  d e  =  d i  /   0.5 /   N / A     ,  



(4)






  Z =    d i  −  d e    /   0.26136 /    n 2  / A     ,  



(5)







In Equations (4) and (5), di and de are the average observation distance and the expected observation distance, respectively; N is the total number of POIs; A is the area of the research area; R is the nearest neighbour index; Z-score and p-value can determine whether the null hypothesis can be rejected in a statistical sense.



Second, to explore whether LSRs gather, kernel density is used to analyse point density. Plot density and Voronoi diagram density are also commonly used for this purpose; however, they face problems of uniform density in the unit space and abrupt changes in density at the joints of the unit. Kernel density analysis comprehensively considers the difference in focus intensity of different internal points and the continuity of spatial phenomena, so it has more advantages [55]. The Equation is as follows:


  f  s  =   ∑   i = 1  n   1   h 2    k     s −  c i   h    ,  



(6)







In Equation (6), n is the number of points whose distance at the same position s is not greater than h; h is the distance attenuation threshold; k is the spatial weight function; and f(s) is the kernel density estimate at position s. The above Equations describes the interaction between the kernel density value, and the radiation distance from the centre point—the distance attenuation effect of the centre point outward. Studies have shown that the spatial weight function has a limited impact on the point mode and, more importantly, on determining a suitable search radius (distance attenuation threshold) [56].



This paper uses 1500 m as the search radius for two reasons. One is the research experience of other cities in China. In the case of the central Chongqing city, the search radius is 1500 m. This case confirmed that 1500 m can not only identify small-scale POI aggregation areas, but also reflect the macro-scale polycentric pattern, and has a good smoothing effect [57]. The other is the scope of downtown Beijing. Based on the scope, ArcGIS software can automatically calculate the default search radius. For downtown Beijing, the default radius is roughly 1516 m. To facilitate comparison, 1516 m is simplified to 1510 m in this study.



Finally, we are interested in the expansion trend of LSRs. In 1926, D. Welty Lefever proposed the standard deviation ellipse analysis method to describe the direction distribution of points with parameters such as centre, azimuth, long axis, and short axis [58]. The centre is the relative position of the space occupied by a factor. The azimuth describes the main direction of development, and the direction, length, and length ratio of the major and minor axes, represent the primary and secondary development trends, the degree of dispersion in these trends, and spatial distribution morphology, respectively [59]. This paper uses the standard deviation ellipse tool of ArcGIS 10.1 to analyse spatial statistics.




3.2.4. Coupling Coordination Degree Model


The coupling coordination degree model can be used to measure the mutual influence between two subsystems (here, the matching effect of LSRs and residents’ needs) [60]. Usually, the population density in the area can be used to express residents’ needs [61]. Therefore, we substitute the kernel density value of the LSRs and the resident population density value into the coupling coordination degree model for calculation (the data are normalised in GIS in advance). Based on previous studies [60], the calculation Equation of coupling coordination degree is as follows:


  C =   f  M  × g  N  /       f  M  + g  N    / 2    2    ,  



(7)






  D =   C × T   , T = α f  M  + β g  N  ,  



(8)




where C represents the coupling degree, f (M) is the kernel density value of the LSRs, and g (N) is the resident population density, where T is the comprehensive coordination index, and α and β are the contribution weight of the kernel density value of the LSRs and resident population density, respectively. In this paper, α and β are each 0.5, which is equally important. D stands for the degree of coupling coordination, and the value range of D is (0, 1). A higher D value represents a higher coupling degree between LSRs and residents’ needs. Furthermore, the degree of coupling coordination of LSRs and residents’ needs was divided into five levels (Table 1).





3.3. Data Sources and Processing


We introduce POI data from the following aspects: (1) Information. The POI data obtained from Amap include the type, name, administrative district, longitude, and latitude of LSRs. (2) Source. The POI data come from a big data innovation enterprise under Shanghai Economic and Information Commission (https://www.metrodata.cn/) (accessed on 20 April 2022). (3) Time. We investigate downtown Beijing with data from March 2018. Over time, the number of POIs will change, such as the closure or relocation of some hotels. Objectively speaking, the research results of this paper can only reflect the LSRs in the central urban area of Beijing in March 2018. Therefore, this study has certain limitations. In the future, POI data at more time points will be obtained for tracking analysis. (4) Accuracy. We take two methods to test the accuracy of the data. The first is to compare the data provided by the Resource and Environmental Science and Data Center of the Chinese Academy of Sciences (https://www.resdc.cn/) (accessed on 20 April 2022). The second is to conduct manual random comparison on Baidu Maps. (5) Data processing. We cleaned the data, such as removing duplicate content, correcting coordinates, etc. By doing this, 14 categories of point data were initially obtained.



Combined with government documents, the actual situation in Beijing, and data availability, this paper finally determines 6 types of LSR. Specifically, in 2016, China’s Ministry of Commerce divided LSRs into 8 categories: catering, accommodation, housekeeping, dyeing, bathing, beauty salons, appliance repairs, and portrait photography. However, due to the following reasons, this paper cannot obtain enough POIs to represent housekeeping. This is because the housekeeping service is characterized by door-to-door service, is less dependent on physical stores than other services, the industry is still in the early stages of development, the supply is relatively small, and the profit of the housekeeping industry in downtown Beijing is limited as it is difficult to afford the high housing and rent prices. This paper also excludes bathing services because they are often difficult to separate from accommodation or beauty salon services, and the industry is small. Therefore, we categorize LSRs into 6 groups: catering, accommodation, dyeing (this refers to the business of laundry, dry cleaning, ironing, dyeing, darning, stain removal, etc.), beauty salons, appliance repairs, and portrait photography.



In addition, subway stations, subway lines, and building outlines data were obtained from Amap. The Amap collects data through vehicle, walking, and aerial photogrammetry. The POI, building outlines, and other data used in this paper are inseparable from the help of remote sensing technology. The population density raster data comes from Worldpop’s 2018 prediction of China’s population raster data, with a resolution of 100 m × 100 m (https://www.worldpop.org/) (accessed on 20 April 2022). As the data development team said, “this data is suitable where the accuracy of the satellite-based mapping of settlements is uncertain”. This means that it is very suitable for use in the capital of China (most of the core parts of downtown Beijing belong to the central government office area and military management area, where it is difficult to obtain remote sensing high-resolution data). The administrative boundaries come from the Resource and Environment Data Cloud Platform (http://www.resdc.cn) (accessed on 20 April 2022).





4. Results


4.1. Quantity Dimension


The number of catering facilities is the largest, accounting for more than half of the total facilities in the study area (Table 2). The number of beauty salons and accommodation facilities is second, with 17,239 and 15,677 establishments, respectively. The other three types of LSRs are relatively small, less than 10%.




4.2. Structure Dimension


Figure 3 shows that: (1) For all districts, facilities such as catering, accommodation, and beauty salons are plentiful, while dyeing establishments, appliance repairs, and portrait photography shops are lacking. (2) As for the information entropy, the order of its value from high to low is Shijingshan, Fengtai, Haidian, Xicheng, Chaoyang, and Dongcheng. The maximum information entropy is 1.37 in Shijingshan. This shows that the quantity difference of various LSRs is the smallest in Shijingshan, and the structure of LSR tends to be balanced numerically here. In other words, although Shijingshan has the least number of LSRs, it is in a low-level equilibrium state. (3) For the equilibrium degree, the ranking result of its value is consistent with that of information entropy. This is because the equilibrium degree is calculated by dividing the information entropy by the constant (see Equation (2)). (4) From the perspective of dominance degree, the ranking result of its value is just opposite to that of equilibrium. This is because it is calculated by subtracting the equilibrium from 1 (see Equation (3)). For example, compared with other districts, Dongcheng has the smallest degree of equilibrium (0.69) and the largest degree of dominance (0.31). This indicates that there is the most obvious dominant LSR here.




4.3. Pattern Dimension


Table 3 shows the results of the average nearest neighbour analysis. The Z scores and p-values indicate that all kinds of LSRs pass the significance test (p < 0.001) (i.e., have significant spatial agglomeration). The R value is in descending order for dyeing, accommodation, appliance repair, portrait photography, beauty salon, and catering. This shows that the concentration of dyeing and accommodation services is relatively high, while the concentration of beauty salons and catering services is relatively low.



The kernel density analysis found that the various LSRs in downtown Beijing are expressed as a spatial form of “centralised contiguous and multi-centre clusters” (Figure 4). Specifically, the catering and accommodation service facilities are concentrated in Dongcheng and Xicheng districts, and the concentration of contiguous areas is significantly larger than other types of LSRs. Dongcheng and Xicheng districts are the core functional areas of the capital, with high development intensity and urbanisation levels. Catering and accommodation services occupy an essential position and are used relatively often. Therefore, the services mentioned above are significantly concentrated in the functional core areas of downtown Beijing.



Chaoyang, Haidian, Fengtai, and Shijingshan districts are urban function expansion areas, as identified in the 2012 Beijing Major Function Zone Planning. Although these districts belong to this zone, the overall development level of Chaoyang and Haidian districts is significantly higher than that of Fengtai and Shijingshan districts. This objectively limits the concentration of life service functions turning them into multi-centred groups. Specifically, dyeing, beauty salons, appliance repair, and portrait photography services have a higher nuclear density at the junction of Dongcheng, Chaoyang, and Fengtai districts. We found that life services are primarily concentrated in transportation hubs in or near large residential and business districts. The large flow of people usually translates into higher demand for services. For example, Wangjing Station and China World Trade Centre Station are both located in a typical international business centre area. Many universities surrounding Wudaokou Station and Zhongguancun Station gather many high-tech enterprises, which constitute the life services core in Haidian District Circle. Babaoshan and Gucheng stations are close to Haidian District, so their nuclear density is relatively high. The Capital University of Economics and Business District, Muxiyuanqiao South Station, and Fangzhuang Station are adjacent to schools, railway stations, and large residential areas, so there is a large population and flow and strong demand for life services.



The centrality index shows that the difference in coordinates at the centre of the standard deviation ellipse for various LSRs are slight; the maximum difference in longitude and latitude are only 0.03° and 0.01°, respectively (Table 4). This difference reflects the proximity relationship between the centres of various LSRs in downtown Beijing. The perimeter and area of the spread ability index jointly describe the coverage of the standard deviation ellipse. The perimeter and area of each life service are in the same order, from largest to smallest: dyeing, appliance repair, beauty salon, catering, accommodation, and portrait photography. The long axis and the short axis indicate the direction and scope of the distribution of various life services, respectively. From the length difference between the long and short axis of the ellipse, the maximum difference in beauty salon services is 2.94 km, and the minimum difference in accommodation services is 2.23 km. This means that the flatness of the beauty salon service ellipse is larger, and the directionality of the data is more obvious than other services; the directional difference of the accommodation service ellipse is not statistically significant, indicating that service is more balanced in all directions. Generally, the difference between the long and short axis of the life service ellipse is within 3 km. The azimuth is the angle between the true geographic north and the X-axis of the ellipse. The maximum azimuth of the accommodation service ellipse is 98.93°, the minimum is 88.76° for dyeing services, and the average for all LSRs is 93.04°. Combined with the standard deviation ellipse chart, it is found that the elliptical shape of various LSRs does not show a clear northwest–southeast trend. However, it appears to be an approximately horizontal–vertical standard form. This is mainly because Beijing has gradually formed a typical spatial pattern of axial development over a long time (the power of the City Master Plan).



Figure 5 shows the standardised ellipse of LSRs in the study area. Combining the overall picture and the detailed map, each life service ellipse is divided into four parts by the planning development axis. The area difference of each part intuitively shows the north–south difference and the east–west difference. The centres of all services are in the Xicheng and Dongcheng districts, all located north of Chang’an Avenue. This shows that the six types of LSRs are more suited to residents’ needs north of Chang’an Avenue, and the supply of life services south of Chang’an Avenue, especially in Fengtai District, is insufficient. The current life services have an overall and more vital “north-south difference”. The accommodation service centre is located at the northwest corner of Tiananmen Square. In contrast, the catering and portrait photography centre occupies the northeast, and other life service centres are on the central axis. This shows that accommodation services are developing westward, catering and portrait photography are expanding eastward, while other services have not yet formed a clear development trend. Thus, there are hierarchical and low-level “east-west differences” in life services.




4.4. Coupling Coordination Dimension


Figure 6 shows that the current coupling and coordination of the six types of LSRs and population density has not yet reached the ideal level, and the overall characteristics are “high in the centre and low in the periphery” and “high in the east and low in the west”.



Specifically, the medium-coupling coordination areas of catering and accommodation facilities are similar, mainly concentrated around subway stations such as Wudaokou, South Luogu Lane, and China World Trade Centre. Wudaokou is close to top universities, such as Peking University and Tsinghua University. South Luogu Lane is a famous tourism alley in Beijing. The China World Trade Centre is in the city’s central business district, which contains many Fortune 500 companies. Students, tourists, and corporate employees stimulate the demand for catering and accommodation in the region, resulting in a relatively highly coupled coordination. The moderate coupled coordination areas of dyeing and beauty salons are similar, where “the east is higher than the west”. Compared with the other types, the moderate coupled coordination area of appliance repair and portrait photography facilities have the smallest area and tend to be more scattered. Most importantly, this study finds that most peripheral areas show moderate uncoupled coordination and severely coupled coordination.





5. Discussion


5.1. SJ of LSRs Reflected by Coupling Coordination Degree


Currently, there are two approaches to evaluating SJ. One is the qualitative method. For example, a case study approach is used to analyse the factors and mechanisms of SJ in rural Finland [62]. The other is the quantitative method, especially spatial analysis methods. For instance, using kernel density estimation, standard deviation ellipse, and social performance evaluation can explore the SJ of community sports and fitness venues in Shanghai [63]. Quantitative methods enable overlaying the analyses of population and other socioeconomic data to spatially identify areas of SJ [64]. Therefore, this paper uses quantitative methods to discuss SJ. These methods include descriptive statistics, information entropy, nearest neighbour, kernel density, standard deviation ellipse, and coupling coordination degree.



The results of the coupling coordination degree directly reflect the SJ: (1) For catering, accommodation, dyeing, and beauty salons, Dongcheng and Xicheng have the highest degree of SJ. The junction between the above two districts and other regions also has a high level of SJ. Dongcheng and Xicheng are the office areas of the Central Government and the Beijing Municipal Government. Hence, these areas are densely populated and require a wider variety of LSRs. (2) For appliance repair and portrait photography, the southeast of Haidian and the southwest of Chaoyang have the highest degree of SJ. Haidian District is the centre of education and technology, with a large concentration of schools and research institutes. Chaoyang District is an economic centre and an industrial base, with a well-known embassy area and a commercial and trade area. Therefore, some types of LSRs with higher technical requirements and more luxury will be concentrated here.




5.2. The LSRs among Beijing and London: Distributive Injustice


It is difficult to compare the LSRs supply globally for two main reasons directly. First, the Chinese government proposed the concept of LSRs in 2016. It originated from a life service industry with distinct Chinese characteristics. Therefore, it is difficult to find comparable programs in other countries. To our knowledge, even in China, there are few empirical studies on LSRs. The second reason is limited data sources. This paper uses POI data to measure LSRs, different from the previous field investigations. Hence, differences in data sources reduce comparability among various studies. In sum, these reasons pose challenges for effectively comparing the supply of LSRs in Beijing to other regions.



POI data currently have limited attributes (name, type, address, and coordinate information) but lack details, such as floor height, building area, and the number of households. Therefore, for accommodation services, it is inaccurate to directly compare the number of POIs because the number of people that can be accommodated in buildings of different heights varies. For instance, high-rise apartments accommodate more people than villas. However, for catering services, it is feasible to use the POI number of catering service facilities per capita as a benchmark for comparison for two main reasons. The first is that the catering service facilities are usually independent spatial units, such as a street containing many dining establishments (e.g., South Luogu Lane) or a luxuriously decorated hotel (e.g., QUANJUDE Peking Roast Duck). Although some large shopping malls can accommodate several restaurants on different floors simultaneously (e.g., Vanke Plaza, Wudaokou Shopping Centre), the name field of POIs can, generally, effectively distinguish different restaurants in similar locations. The second reason is that eating is a fixed demand for every citizen. Although there are no direct statistics, dining out constitutes a considerable proportion of residents’ daily lives for the capital city. The certainty of the demand for dining out and the need for restaurant reception capacity implies that a larger population will need more restaurants. In summary, the number of catering service facilities can roughly reflect the degree of satisfaction of residents’ dining out needs.



Inner London is a current representative case with a common benchmark with Beijing. There are 42,530 catering facilities in downtown Beijing (Table 3). According to the Beijing City Master Plan (2016–2035), the total area is about 1378 km2, and the population density in 2016 was 14,000 persons/km2. Studies have shown that as of November 2017, the Food & Shop in Inner London has 7355 POIs [65]. It also includes shops, a mall, a marketplace, vending machines, a pharmacy, fast food, a café, and a restaurant. In addition, statistics from the Greater London Authority (GLA) [66] show that the area of Inner London is 319.29 km2, and the population density in 2017 was 11,070 persons/km2. Comparing per capita catering service facilities in downtown Beijing to Inner London, the former has about 22.05 restaurants per 10,000 people, and the latter has 20.81 restaurants per 10,000 people. These two places have similar population densities, and the catering service facilities per population are close.



Although the population densities of these two places are similar, one limitation of making this type of comparison is that we do not know the income differences among people. High-income groups have the means to eat out more, while low-income groups may choose to cook at home. Therefore, there is an objective difference in the frequency of catering service facilities due to income. Furthermore, factors such as cultural differences in eating habits need to be considered. For British people, the habit of afternoon tea undoubtedly increases the frequency of visits to coffee shops. Even though the number of POIs for catering facilities per capita in London and Beijing is close, there are still cultural differences in residents’ total demand and use frequency of different catering facilities. In addition, there are differences in the stages of urban development between these two cities. In the late 1990s, the British government began the gentrification of Inner London [67], while the wave of urban renewal in China focused on rebuilding urban villages [68]. It was not until 2008 that Beijing began to construct two pilot projects to reconstruct urban villages and proposed to rebuild 50 key villages in the suburbs of Beijing over the next few years [69]. Thirty-two key villages have been rebuilt in downtown Beijing [70]. These differences demonstrate that the LSRs supply is insufficient in areas like downtown Beijing. However, the coupling and coordination degrees for the current study show that there is a low level of coupling and coordination between the catering facilities and the population distribution (Figure 6a). It indicates that there is still room for further improvement of catering service facilities in Beijing.




5.3. The Future of SJ Theory: Spatial Analysis and Big Data


The spatial analysis method is an effective tool for understanding SJ, which broadens the application field of SJ theory. For example, in environmental justice, Ripley’s K spatial analysis method was first used to evaluate the spatial point pattern of air toxins and environmental justice in West Oakland, California [64]. For energy justice, in addition to focusing on differences in social groups, it is also necessary to assess the justice impact of spatial differences on energy poverty risks and prevalence. This will help propose spatial injustice intervention measures based on geography [31]. In terms of traffic justice, GIS helped confirm that the diesel particulate matter (DPM) in the main highway corridors of Massachusetts was significantly higher than that in surrounding areas, and a hot spot analysis showed that an increase in DPM concentration and asthma occurrence had a statistically significant clustering. Therefore, decision makers need to consider the use of pollution reduction technologies in residential areas close to traffic corridors [71].



In addition to integrating spatial analysis, an increasing number of empirical studies are using big data. Big data provide cities with the potential to obtain valuable insights from data collected from various channels and support the construction of smart cities [72]. For example, Panoramio, Foursquare, and Twitter data jointly provide digital footprints of tourists in Madrid, helping the scenic spot to formulate new public policies to improve the tourist experience [73]. Baidu heat map data and urban POI data can help identify the urban population’s spatiotemporal distribution characteristics and mechanism in Xi’an, China [74]. Based on information from 10.16 million traffic monitoring records, the traffic congestion modes in Beijing have been divided into weekend mode, holiday mode, weekday mode, and weekday mode B [75]. Combined with spatial analysis and carpooling data, the multi-centre spatial structure of the Beijing metropolitan area can be defined. Unlike traditional research, this method accounts for periodicity and survey theme limitations, allowing for an easier attainment of independent conclusions [76].



This paper demonstrates how the multidimensional perception of SJ for LSRs can be realised through a combination of big data and spatial analysis. POI data helped us quickly determine the spatial location of six kinds of LSRs on a micro-scale. Using the spatial analysis methods of nearest neighbour, kernel density, and standard deviation ellipse, we were able to identify the distribution characteristics of LSRs. This provides a reliable path for future research addressing the status of LSRs. Moreover, it responds to the knowledge gaps of big data applications of SJ for LSRs. Big data and spatial analysis are important components for the future of SJ theory.




5.4. Spatial Difference of LSRs: Market Mechanism and Government Power


The market mechanism is the main reason for such a pronounced spatial difference of LSRs in Beijing. First, supply is determined by the needs of surrounding residents. Densely populated areas tend to have more choices of life service facilities. This is because consumers usually want public service facilities as close to their residences as possible, reducing unnecessary travel costs [77]. Second, establishing LSRs has corresponding costs. The market often allocates public services to those who can pay for them. Due to unequal income distribution, low-income groups cannot afford related public services [78]. We find that the current coupling coordination degree between LSRs and population density in Beijing’s urban centre has not yet reached an ideal level. The overall development characteristics are high in the centre and east but low in the periphery and to the west. Due to data limitations, this paper did not include complex regression models that may have revealed the driving mechanisms of spatial differences. However, the study of coupling coordination degree based on population density still confirms the power of market mechanisms at the supply and demand level.



Government power is another reason for the spatial difference in LSRs. First, most public service investments come from the government. The higher the level of economic development, the more the government can spend on public services. This is particularly obvious in areas with a backward economy. For example, in Laos from 2000 to 2011, the GDP grew at an average annual rate of about 7%, and the proportion of total public service expenditure in the GDP increased to 11.2% [79]. Laos was able to develop public services due to its growing economic strength. Second, the government shapes the spatial patterns of public service facilities. Data from poorer areas in Sweden show that policies, such as zoning laws, can forcibly allocate community resources to highly impoverished areas, improving the quality of life for the poor [80]. Our study finds that, for Beijing, government planning dominates the spatial pattern of LSRs. Policy requirements of the urban spatial structure further strengthen the contiguous and multi-centre clusters of LSRs, which led to greater north–south than east–west differences.




5.5. Limitations and Directions for Future Research


Overall, remote sensing technology provides a basic data source for this paper to explore the sustainable development of LSRs [81]. In addition, various methods of geographic information science provide tools for us to perceive the spatial justice (sustainability) of LSRs. However, we were unable to generate a description of residents’ psychological characteristics or analyse choice willingness from the perspective of psychology due to limitations of the data. The advantage of spatial analysis lies in creating a spatial visualisation of life service facilities; however, justice refers to the distribution of justice and requires more discussion from a philosophical and social sciences standpoint [82]. For example, in the future, data on differences in residents’ sense of justice could be collected through questionnaires. Second, POI data have limited attributes, so the driving factors and underlying mechanisms of LSRs were unable to be examined. Identifying the market mechanism and government forces behind the supply of LSRs is a crucial direction for subsequent studies. Again, future research should consider integrating methods, such as field interviews with big data, to examine these mechanisms.





6. Conclusions and Policy Recommendations


This study finds that: (1) the total LSRs are extensive and varying in type; (2) regional differences are evident, and low-level equilibrium and high-level priority development coexist; (3) LSRs are concentrated in contiguous and multi-centre clusters with a greater north–south than east–west difference; and (4) the overall level of LSRs is low, specifically for “high in the centre and low in the periphery” and “high in the east and low in the west”. Our findings inform the following recommendations:




	(1)

	
The development gap needs to be reduced between the north and south. Here, Beijing’s LSRs have gradually formed an axial development pattern, and the north–south difference in LSRs is more significant than the east–west. Therefore, future LSR development should pay attention to the north–south difference, increasing investment in areas south of Chang’an Avenue. Furthermore, the distribution of LSRs around subway stations and subway lines tells us that improving transportation facilities is significant for achieving fairness in resource distribution.




	(2)

	
The spatial differences for catering services need to be addressed. The number of catering services facilities in Chaoyang District is almost 10 times that of Shijingshan District. Given that catering services are a dominant type of LSRs, this paper suggests that policymakers need to provide more catering services in Shijingshan District. This does not mean that the government should directly fund the development of catering services. Still, it can help by providing more policy support for companies and individuals that provide catering services, such as providing sufficient land supply, guiding the agglomeration of catering companies, and creating a food street or plaza with scale effect.




	(3)

	
Accommodation services could be combined with reconstructing old urban areas and the new construction of satellite cities. As a cultural symbol of Beijing, Hutong has played a crucial residential function to this day. However, due to the poor conditions of the public infrastructure, this area urgently needs renovation [83]. Some residents want to move out of the crowded hutongs, while others hope to transform the hutongs into hotels. Therefore, residents, planners, companies, and the government could work together to transform the old city and the construction of the satellite city. This embodies the procedural justice in SJ. Hence, the government should guide the orderly development of accommodation service facilities by formulating industry development plans.




	(4)

	
As the old Chinese saying goes, “Loving beauty is part of human nature”. To facilitate residents’ access to beauty salon services, policymakers should consider establishing at least one beauty salon in each community. Currently, beauty salon services in Beijing are centralized in the junction area of Dongcheng, Chaoyang, and Fengtai Districts. As a result, a longer commute is required for residents outside of these areas to access these services. In addition, building beauty salons can increase the vitality of the urban area by increasing the diversity of consumption in the neighbourhood, which is another way to improve the life service resources.




	(5)

	
Although the total number of POIs for dyeing, appliance repair, and portrait photography accounts for less than 10% of LSRs, existing services placement should be considered when establishing new service locations. Based on the results of the spatial pattern, there are fewer dyeing services in the northwest of the studied area. In contrast, appliance repair and portrait photography services tended to be found in the eastern region. The results of the coupling and coordination degrees in the current study reflect the unbalanced spatial distribution of these services in Beijing. Therefore, corresponding LSRs should be added in the above areas.
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Figure 1. Multidimensional perception of SJ for LSRs. 






Figure 1. Multidimensional perception of SJ for LSRs.



[image: Remotesensing 14 02031 g001]







[image: Remotesensing 14 02031 g002 550] 





Figure 2. An overview of Beijing. 
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Figure 3. Number of POIs of LSRs and their spatial equilibrium parameters in downtown Beijing. 
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Figure 4. Kernel density analysis of LSRs in downtown Beijing: (a) Catering; (b) Accommodation; (c) Dyeing; (d) Beauty salon; (e) Appliance repair; (f) Portrait photography. 
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Figure 5. Standard deviational ellipse analysis of LSRs in downtown Beijing; (a) Overall picture; (b) Detailed picture. 
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Figure 6. Coupling and Coordination Degree of LSRs in downtown Beijing: (a) Catering; (b) Accommodation; (c) Dyeing; (d) Beauty salon; (e) Appliance repair; (f) Portrait photography. 
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Table 1. Classification of the degree of coupling coordination between LSRs and residents’ needs.
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	D
	Coupling Coordination State





	0.8 ≤ D 1
	Highly coupled coordination



	0.6 ≤ D 0.8
	Moderate coupled coordination



	0.4 ≤ D 0.6
	Low coupled coordination



	0.2 ≤ D 0.4
	Moderate uncoupled coordination



	0 ≤ D 0.2
	Severely uncoupled coordination
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Table 2. Characteristics of POI data of LSRs in downtown Beijing.
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	Category
	Content
	Number
	Proportion (%)





	Catering
	Chinese restaurant, foreign restaurant, casual restaurant, cold drink shop, dessert shop, fast food restaurant, coffee shop, pastry shop, tea house, etc.
	42,530
	51.4362



	Accommodation
	Residential areas, hotels, tourist hotels, business residences, and commercial and residential buildings, etc.
	15,677
	18.9599



	Dyeing
	Laundry
	2204
	2.6655



	Beauty salons
	Beauty salon store
	17,239
	20.8490



	Appliance Repair
	Appliance repair store
	2421
	2.9280



	Portrait photography
	Photo print store
	2614
	3.1614



	Total
	
	82,685
	100
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Table 3. Nearest neighbour analysis of LSRs in downtown Beijing.
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	Name
	Average

Observation Distance (di)
	Expected Average Distance

(de)
	Nearest

Neighbour Index

(R)
	Z-Score





	Catering
	34.625
	108.3
	0.32
	−268.393



	Accommodation
	116.455
	173.598
	0.671
	−78.846



	Dyeing
	295.407
	440.337
	0.671
	−29.561



	Beauty salons
	61.962
	167.085
	0.371
	−158.032



	Appliance Repair
	249.173
	416.087
	0.599
	−37.761



	Portrait photography
	223.872
	383.432
	0.584
	−40.702
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Table 4. Standard deviational ellipse parameter of LSRs in downtown Beijing.
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	Category
	Centre

Longitude (°)
	Centre Latitude (°)
	Perimeter (km)
	Area

(km2)
	Length of Long Axis (km)
	Length of Short Axis (km)
	Azimuth (°)





	Catering
	116.40E
	39.93N
	68.06
	360.23
	12.13
	9.46
	95.16



	Accommodation
	116.38E
	39.93N
	65.83
	339.03
	11.56
	9.33
	98.93



	Dyeing 1
	116.39E
	39.92N
	70.10
	382.61
	12.46
	9.78
	88.76



	Beauty salon
	116.39E
	39.92N
	68.50
	363.18
	12.32
	9.38
	90.15



	Appliance repair
	116.39E
	39.92N
	69.23
	371.36
	12.43
	9.51
	93.58



	Portrait photography
	116.41E
	39.92N
	64.60
	323.26
	11.60
	8.87
	91.66







1 Note: Except for the dyeing services, the standard deviation ellipse long axis of other LSRs is on the X axis, and the short axis is on the Y axis.
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