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Abstract

:

Population aging has increasingly challenged socio-economic development worldwide, highlighting the significance of relevant research such as accessibility to residential care facilities (RCFs). However, a number of previous studies are carried out only on street (town)-to-district scales, which could cause errors of the accessibility to RCFs for a family. In order to improve the resolution to individual families, we measure and compare the accessibilities to RCFs based on 3494 residential communities and 169 streets of Guangzhou in 2020 through the two-step floating catchment area (2SFCA) method. It was found that the distributions of the elderly and the service-dense blobs of the RCFs show patterns of a three-level spatial distribution, with a characteristic clustering at the center with peripheral dispersion. The resultant accessibility to RCFs in Guangzhou, ranging from 2.5 to 3.45, is generally consistent with the studies focusing on street scales. However, the maximum difference in the accessibility of two residential communities on the same street ranges from less than 0.02 to 0.94 in Guangzhou, indicating large variations. Although the relative errors of the accessibility results based on bi-scale data are relatively low, the cumulative errors can be high, e.g., over 25% in many streets of large cities. Consequently, hundreds of elderly persons per street can be adversely affected by those errors, with six streets over 1000. Therefore, this study focusing on the smaller-scale residential community data may provide more accurate reference to individual households. For the spatial allocation and optimal layout of Guangzhou and similar cities with population aging, we suggest maximizing RCFs in metropolises by taking full advantage of existing residential care facilities with necessary restructuring, improvements, and expansions on service capability. While for less connected cities, we encourage building new RCFs in situ.
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1. Introduction


Population aging has become an increasingly prominent phenomenon in the world [1]. It brings significant challenges and impacts on many fronts of sustainable development [2,3]. Since the 1990s, many cities of countries have entered an aging society, and the number is continuously increasing. For the third-largest city in China, Guangzhou, reports in 2017 and 2018 from the government showed that the elderly population (aged 60 or older) size is growing at a rate of 5% per year [4,5], with predictions of reaching 1.85 million by 2020, accounting for almost 20% of the total population.



The spatial accessibility to public services, such as residential care facilities, hospitals, health services, markets, parks, sport facilities, schools, and banks, is a critical issue in the field of public health, reasonable urban planning and sustainable development [6,7]. It has a significant impact on social equity and justice, especially for an aging society [8]. Therefore, it could find that a number of studies have focused on measuring spatial accessibility to public services worldwide, including cities and other developing regions [9,10,11].




2. Literature Review


A variety of methods are commonly applied to measuring spatial accessibility, such as interviews, supply-to-demand ratio, distance to the closest facility, kernel density, gravity model and floating catchment area method [2,12,13,14,15,16,17,18].



Based on the Gaussian kernel density method, Guagliardo. (2004) gave an example of identifying the areas with a low ratio of primary care physicians to children in Washington [14]. Cheng et al. (2011) used in-depth semi-structured interviews to assess the well-being of elderly residents in residential care facilities (RCFs), and further analyzed the influence of its environment on the elderly activities and health [2]. Bauer et al. (2018) measured spatial general practitioners accessibility by a floating catchment area method and found that general practitioners' accessibility for 25.8% of the population in England was very low, while the mostly high general practitioners accessibility areas represented urban areas [12]. Yu et al. (2018) used a two-step floating catchment area to compare the spatial accessibility of health services within the current and planned network systems in Shenzhen [19]. It was found that the impacts on spatial accessibility of health services had spatial variations, and the most positively and negatively affected places were mainly in the center zone. Through an improved two-step floating catchment area method, Tao et al. (2014) analyzed the spatial accessibility to residential care resources in Beijing [20]. The results showed that the spatial accessibility was higher in the western, northern and northeastern parts of the city than the southern part. Besides, Tao et al. (2018) also measured healthcare accessibility in Shenzhen and found that disparity in transit-mode accessibility is the main reason for the imbalance of healthcare accessibility [17].



It should be noted that those methods of measuring spatial accessibility had both advantages and disadvantages when they were applied to different conditions [3,13,20,21]. In contrast, the floating catchment area may be the most popular and commonly-used method because it takes into account maximum influence factors of spatial accessibility, for instance, the size of supply-side and demand-side, distance and the distance limits [13,14,17,21,22,23].



In addition, many previous studies about spatial accessibility including the assessment of the accessibility to RCFs were mainly based on the street (town)-to-district scale [3,12,14,17,18,20,21,24,25,26,27,28], especially in cities of China. Streets (towns) are one of the administrative divisions smaller than a district in a city and the minimum statistical unit in Census in China. However, these studies might have in general overlooked the sub-structural differences in a street or town, which could cause errors of accessibility to RCFs for an individual family. For example, in the central city of Guangzhou, the maximum distances of two different families in the same street (town) are about 7.5 km in the Haizhu District, 4.8 km in the Tianhe District, 3.95 km in the Yuexiu District and 3.1 km in the Liwan District. Those distances can be larger for the main and surrounding cities. The interior difference indicates the possibility that one family has to spend significantly more time (20 min to one hour) to reach RCFs than another family in the same street. Obviously, specific information for a family to access RCFs based only on street scale data is absent.



This study intends to measure and compare the difference of spatial accessibilities to RCFs on the residential communities and street scales, and provide more detail and precise information of the accessibility for families in Guangzhou. To achieve the goal, the spatial distribution characteristics of the elderly population in 2020 and RCFs in Guangzhou were analyzed firstly. Then, the accessibilities to RCFs based on residential community data and streets of Guangzhou were calculated and compared by the most commonly-used two-step floating catchment area (2SFCA) method. Finally, this study provides suggestions for the development of RCFs and urban planning in Guangzhou.




3. Dataset and Method


3.1. Study Area


Located between longitudes 112.95°–114.05° E and latitudes 22.43°–23.93° N (Figure 1), Guangzhou is the political, economic, scientific, educational and cultural center of Guangdong Province, China (http://www.gz.gov.cn/zlgz/index.html). Guangzhou includes 134 streets and 35 towns under the 11 districts (Table 1).




3.2. Data and Preprocessing


In order to assess the spatial accessibility to RCFs on different scales, this study collected residential communities, streets data, RCFs, and road network of Guangzhou in 2019, and forecasted the elderly population in 2020.



Based on the web crawler technique, 3478 pieces of residential location data in 153 streets (towns) of Guangzhou were obtained thanks to open access of data from the “Lianjia” website (https://gz.lianjia.com/), labeled as the residential community data in the study. However, the residential community data in the other four streets and 12 towns mainly located in the suburban areas were not obtained, due to the low urbanization degree and their resemblance to villages, with little validated data on residential location. Therefore, the geometric centers of these streets and towns were used to replace its residential communities. There are a total of 3494 residential communities in the study area (Table 1 and Figure 1).



Residential care facility data was collected from the website of the Guangzhou Civil Affairs Bureau (http://www.gzmz.gov.cn/gzsmzj/lhyljgxx/pglh_yljgxx.shtml), including its name, type, address and number of beds, which are all made open access. By April 2019, there were 189 RCFs in Guangzhou (Table 1). We used the geocoding service of the Baidu map to acquire the geographic locations of the RCFs and its spatial distribution and service intensity (bed numbers) were shown in Figure 2.



Road network data was provided by the Land and Resources Technology Center of Guangdong Province. The speed limits of different types of roads (Table 2, Figure 3) in Guangzhou were obtained mainly via the Urban Road Engineering Design Specification (CJJ37-2012) and the Highway Engineering Technical Standard (JTG B01-2014), which could be regarded as a universal standard in many cities in China, such as Beijing, Guangzhou and Shenzhen.



According to the sixth national census in 2010, the elderly population was 1.23 million in Guangzhou and showed a rapid growth trend [29]. By 2017 and 2018, the government reported that the elderly population had grown to 1.61 million and 1.69 million [4,5].



Based on the population data in 2010, 2017 and 2018, this study forecasted the elderly population in 2020 through a natural growth method [8]. It was found that the elderly population will reach about 1.85 million in 2020 in Guangzhou (Table 1). Among all the districts of Guangzhou, the elderly population in Yuexiu, Haizhu, and Liwan Districts are more than 200 thousand, and in the other five districts (Tianhe, Baiyu, Panyu, Zengchen and Huadou Districts), the elderly population are over 100 thousand (Table 1). When calculating the spatial accessibility, the number of elderly people of each district is assumed to be evenly distributed across the residential communities.




3.3. Method of Measuring Spatial Accessibility


The 2SFCA method was proposed by Radke and Mu (2000) based on the early moving search method in 2000 [15]. The method first sets a threshold value using the travel limit distance or time as the search radius, and the moving search is performed twice based on the supply location and the demand ground, respectively. The number of resources or facilities accessible to the residents within the threshold is calculated. The higher the result is, the better the accessibility to the resources or facilities [30]. The 2SFCA method is not limited to administrative boundaries, overcoming the shortcomings of traditional methods. In recent years, more and more scholars have used the 2SFCA method to study the accessibility of public service facilities [22,23,27]. The method uses the micro-scale, such as the residential or street population densities to study the spatial features of the regional population. At the same time, the spatial distribution of the nursing homes and the number of beds are included in the accessibility evaluation, which could be used to analyze the interaction between the residents and the nursing homes more reasonably, an advantage of the 2SFCA method.



In the study, the 2SFCAmethod was selected to measure the accessibilities to RCFs based on the residential communities and streets data in Guangzhou. The basic idea of the method is to set a search radius by travel limit distance or time and calculate the moving search results based on the supply location and demand ground thereafter. When measuring and assessing the spatial accessibilities, both the spatial distribution of RCFs and its service intensity are taken into account by the 2SFCA method, which could acquire a more reasonable result [13,23,24,27,31].



In the first step, the supply-to-demand ratio (Rj) for each RCF( j) is calculated based on the search result of the resident community (k) within the distance threshold (d0, service radius). The RCFs are the supply nodes, and the resident communities are the demand nodes.


   R j  =    S j      ∑  k ∈  {     d  k j   ≤  d o   }        P k      ,  



(1)




where Pk is the amount of the elderly in resident community (k), Sj is the amount of the total supply (such as the beds) for RCF (j), dkj is the distance between resident community (k) and RCF (j).



In the second step, we add the supply-to-demand ratios (Rj) of all RCFs located within the distance threshold (d0) of the resident community (i). The sum of supply-to-demand ratios (Rj) for each resident community (i) is its spatial accessibility score (Equation (2)).


   A i F  =   ∑  j ∈  {     d  i j   ≤  d 0   }        R j    ,  



(2)




where AiF is the spatial accessibility score of the residential community (i) to all RCFs located within the distance threshold (d0). The higher the score is, the better the accessibility to the residential community. Rj is the supply-to-demand ratio for each RCF (j) within the search area (dij ≤ d0) of the residential community (i).



The first step above determines the workload of the RCFs, that is, the supply-demand ratio of each RCF within the service radius. The second step calculates the accessibility of each residential community, and retrieves all RCFs that can provide services for the residential community. The supply-demand ratio obtained in the first step is summed up, and the sum is the accessibility value that represents the number of beds per 100 elderly (BP100E). This method takes into account the relationship between supply and demand in an area, and the accessibility value calculated by each residential community is different. In addition, different scales of RCFs have different service radii. Referring to the existing research, the service radii of large, medium and small scales of RCFs were set as 1.5, 1.0, 0.5 h respectively, which were used to calculate the value of BP100E in each residential community.





4. Results and Discussions


4.1. The Spatial Distribution Characteristics of RCFs in Guangzhou


Based on the RCFs data, it was found that the spatial distribution of RCFs in Guangzhou had high variation (Figure 2). Respectively, 87, 68 and 34 RCFs were in the central, main and surrounding cities by 2019. For the distribution of RCFs, we find the central city has a significant clustering characteristic, with less in main cities and the least in the surrounding cities (Table 1). In addition, a total of 115 streets include at least one residential care facility, which illustrated that the distribution of RCFs was relatively balanced in Guangzhou.



Furthermore, the 189 RCFs in Guangzhou are labeled as three types: small, medium and large, based on the service intensity (Figure 2, Table 1). There were 74 small RCFs (Beds less than 100), 37 large RCFs (Beds more than 300) and 78 medium RCFs (Beds in the middle). It was also found that there were more small (55%) and medium (44%) RCFs in the central city than that in main and surrounding cities, mainly due to the presence of a large elderly population with limited space in these areas. In the main city, however, there were more medium (40%) and large (59%) RCFs. It should mainly attribute to the characteristics of abundant space in the main city and the urban function of transferring the pressure of the central city (Figure 2).



The results from kernel analysis indicate that RCFs are clustered in urban centers and reaching out to the surrounding areas (Figure 4). Within the central urban area, the RCFs are mainly distributed in Yuexiu and Liwan Districts, the western part of the Haizhu District, and the northwest of the Tianhe District, which forms a southwest-northeast axis connected with the southwestern part of Baiyun District. Near the main kernel, the other hotspots appear in the middle and south of Huangpu District, the northwest and south of Panyu District, the south-central part of Huadu District, the eastern part of Zengcheng District, and the junctional region between Huadu, Baiyun and Conghua Districts (Figure 4). The spatial distribution of RCFs shows the spatial pattern of the cluster development in the main core and the balanced development in many high-value areas in Guangzhou.




4.2. The Spatial Variations of the Elderly in 2020


In the forecasted elderly population density map in 2020 in Guangzhou, we found a high-medium-low tri-level spatial distribution pattern from the central city to the periphery (Figure 5). In the central, main and surrounding cities of Guangzhou, the elderly accounts for 51.14%, 28.96% and 19.9% of the population, respectively. The average density of the elderly population is 2931 (persons/km2) in each street. In particular, 36 streets have more than 5000, such as Yuexiu district, northeast of Liwan district and northwest of Haizhu district in the central city. The street with the highest density is Dadong Street in Yuexiu District, the core of the central city, up to 19,903 (persons/km2). While Lvtian town, Conghua District, located on the edge of the city, has the lowest density (11 persons/km2). According to the distributions of the RCFs and the elderly in Guangzhou, it was found that the heat map of the RCFs follows the density map of the elderly population, where the service-dense blobs overlap the ones of the elderly population.




4.3. The Accessibilities to RCFs in Guangzhou on Residential Community and Street Scale


In this study, the 2SFCA method is applied for the measurement and analysis of the spatial accessibilities to RCFs, at both residential community and street scales. The spatial accessibility to RCFs was represented as the number of beds per 100 elderly (BP100E). The higher value of BP100E is, the higher accessibility to RCFs is.



Figure 6 showed the calculated results of the BP100E on the street scale and the residential community scale. Note that the BP100E shows a pattern of “central city > main area > surrounding area”. In the central area, the accessibility of residential communities to RCFs has a decreasing trend from east to west and in the main area from north to south. The accessibility decreases with the distance to the central area, which also holds for main cities. From Figure 6, a certain degree of spatial clustering and heterogeneity is evident from the BP100E on the street scale. It reflects the spatial clustering of residential areas with similar service levels, which is consistent with the street-scale results. Heterogeneity reflects fluctuating service levels across certain areas, with outliers. It is speculated that the RCFs planning had ignored the absolute number of settlements and instead incorrectly used the geometric center as reference.



Table 3 shows the statistics of the BP100E in each district. Among the top 50 streets, 30 belongs to the central area. The averaged BP100E is higher in Tianhe (3.05), Haizhu (3.01) and Yuexiu (2.97) districts and with both Tianhe and Haizhu having BP100E > 3.0 on the street scale. Liwan has a lower value of 2.8 but is still high in Guangzhou. The reason is that the rate of the aged is low in the Tianhe District and high in and around Yuexiu District. For the main cities, there are 18 streets in the top 50 (rightmost column) and the average value of BP100E is 2.93 and 3.00 in Baiyun and Huangpu District, respectively. In Huangpu District, a fraction of 43.91% of the aged population are covered by BP100E > 3.0, which is mainly distributed in the vicinity of the central area. However, 41.47% are living in the area with BP100E < 2.9, mainly from the surrounding areas. Only two streets belong to the top 50 in the surrounding areas, and the proportion of elderly people served with the BP100E < 2.9 is 61.65%, 91.82%, and 100% in Huadu, Zengcheng and Conghua District, respectively, indicating low accessibility of RCFs in the surrounding areas.



In order to analyze the spatial characteristics of clustering and heterogeneity about BP100E at the residential community scale, we used “Global Moran's I” to analyze its spatial autocorrelation first. The results were shown in Table 4.



Given the z-score of 266.20 and BP100E of 0, the likelihood for chance coincidence is less than 1%. Therefore, we used the Local Indicators of Spatial Association (LISA) to analyze the spatial characteristics of the BP100E at the residential community scale. The results of the cluster and outlier analysis show statistically significant high-value and low-value clusters.



In Figure 7, the distribution of the BP100E on the residential community-scale is generally consistent with the one on the street scale. The high-value spots (green dots) are concentrated in the central area and the low-value spots (red dots) are concentrated in surrounding areas. However, the results of the LISA analysis contains many outliers. The green triangles, indicating high values in low-value areas, mainly found in the surrounding city with higher levels of the elderly population. The red triangle is the low value surrounding by the high-value area, mainly distributed at the boundary of high and low value. Therefore, it is suggested that streets with high levels of RCFs should allocate more resources towards the peripheral when planning, while streets with low levels of RCFs should mainly consider allocating resources to the center of local residential communities.




4.4. The Difference of the Accessibilities based on the Two Scales Data


In order to assess the variation of the accessibility based on street scale, we calculated the maximum difference of accessibility (MDA) to RCFs by two residential communities in the same street. The results are shown in Figure 8.



It was found that the values of MDAs vary considerably among different streets, ranging from less than 0.02 to 0.94. The difference in accessibility to RCFs shows a significant spatial variation in the streets of Guangzhou. Among those, the differences of accessibilities of residential communities are the largest (MDAs bigger than 0.5) for four streets (towns): Nansha Street, Dagang Town, Shilou Town, and Taihe Town in the main city. However, in the central and surrounding cities, smaller differences are found. Especially in the Yuexiu District of the central city, the value of MDAs is less than 0.1 for most streets (Figure 8).



Regions consisting of centers of main cities demonstrate high differences of accessibilities to RCFs, which roughly form a ring-shaped structure filling the space between the central and surrounding cities in the streets of Guangzhou. Compared to the central and surrounding cities, the elderly person population is medium in the main city and not far away from the central city, which has the maximum RCFs (Table 3). The elderly people having more choices in the main cities lead to large differences in accessibilities. According to the results of MDAs, large errors may occur when assessing the accessibility of a family or residential community based on the street results, especially for the main city.



To further compare and analyze the difference of the accessibilities to the RCFs between the two scales data in Guangzhou, relative and cumulative errors of the accessibilities are calculated in a similar way to the previous studies [24,25,32]. Assuming for the n residential communities in a street, the accessibilities to the RCFs based on the n residential communities and the street are    x i    (i = 1, 2… n) and    x s   , respectively. The relative errors for the n residential communities could be calculated by Equation (3) and the cumulative error in the street by Equation (4).


  R  E i  =  |     x i  −  x s     x s     |  × 100 % ,  



(3)






  C E =   ∑  i = 1   i = n    R  E i    ,  



(4)




where    x i    is the accessibility to the RCFs based on the residential community and    x s    is the accessibility to the RCFs based on the street.



It was found that very low relative errors for most residential communities in the central city, but significantly higher errors in the surrounding city (Figure 9). Due to sufficiently high residential densities in streets of the areas, the accessibilities based on streets have much better agreement with each residential community. Merely a few residential communities have errors over 5% in the central city. Residential communities with high errors (more than 10%) are mainly distributed in the middle of Conghua District and southwest of Zengcheng (Yongning, Zhucun, and Shitan Streets) in the surrounding city, and the middle of Huangpu District (Luogang Street), southeast of Panyu District (Shilou Town), and the east of Nansha District (Nansha and Huangge Streets) in the main city.



For the accessibility of each residential community in Guangzhou, the relative error appears to be very low. However, there are more than 20 residential communities in a street (Table 1), where the accumulative effects are large (Figure 9). It was found that the cumulative error increases rapidly in the streets, over 25% in major streets of the central city. Among them, the cumulative errors of Chigang and Ruibao Streets increased to even more than 100% in Haizhu District. However, in other streets of northern Baiyun, Huangpu and Zengcheng Districts, the cumulative errors increased relatively slowly. However, this is due to the fact that few residential community data are obtained from these streets. From the analysis above, it is evident that the accessibility to RCFs based on the street leads to large cumulative errors to the residential communities.



Finally, we calculate the change of RCFs beds (CB) and the corresponding affected elderly population (AP) by the accessibilities to the RCFs and the total elderly population in the streets of Guangzhou (Figure 10). Based on the accessibilities, the available beds for the elderly in a street can be calculated by Equation (5), so to the residential communities in the street. Then, CB represents the difference of the sum of available beds based on the residential communities and street (Equation (6)). According to the report of the development plan of the elderly care service in Guangzhou, the goal of accessibility to RCFs should reach four beds per hundred elderly people [4]. Therefore, AP could be calculated based on CB in the street (Equation (7)).


  B e d s = P o p u l a t i o n × x % ,  



(5)






  C B =  |  B e d  s  s t r e e t   −   ∑ i n   B e d  s  r e s i d e n t i a l   c o m m u n i t i e s      |  ,  



(6)






  A P = C B ÷ 4 × 100 ,  



(7)




where  x  is the accessibility to the RCFs, Bedsstreet and Bedsresidential communities are the available beds for the elderly in a street and a residential community, respectively.



In the central city, it was found that the differences of the accessibilities based on the two- scales data (streets and its internal residential communities) are less than 10 beds in most streets. However, towards the main city, the difference increases gradually. For example, the differences in Shilou Town, Panyu District, and Dagang Town, Nansha District are over 80 beds (Figure 10). For the corresponding affected elderly population, it was found that almost 90% of streets would affect more than 50 elderly persons (Fig. 10). In addition, there were 14 streets with over 500 elderly persons were affected. Among them, seven streets are in the main city and others in the surrounding city. Due to the large elderly population and the significant variation of the accessibilities of residential communities, there are six streets have more than 1000 elderly person affected: Chengjiao Street in Conghua District, Jianggao Town in Baiyu District, Yongning and Shitan Streets in Zengcheng District, Shilou Town in Panyu District and Dagang Town in Nansha District (Figure 10).



Based on the analysis above, we conclude that the spatial accessibility to RCFs by street (town) scale data ignoring the significant variations of its internal residential communities leads to large cumulative error in Guangzhou, which might have a significant impact on hundreds of the elderly population per street. Measurement and analysis of the spatial accessibility to RCFs based on the smaller-scale residential community data can provide a more precise result and better reference to a family, especially in the area similar to the main city of Guangzhou.





5. Conclusions and Suggestions for Future Urban Planning


Measurement and analysis of the accessibilities to RCFs based on the residential community and street scales data in Guangzhou are presented. It was found that both the elderly and the service-dense blobs of the RCFs show a high-medium-low three-level spatial distribution pattern and characterized by central clustering and peripheral dispersion (Figure 4, Figure 5).



The accessibilities to RCFs mainly range from less than 2.5 beds to 3.45 beds in Guangzhou and the results based on the residential community scale are generally consistent with those findings from the street scale: the closer to the central area, the higher the accessibility (Figure 6). Besides, the accessibility shows a certain degree of spatial clustering and heterogeneity (Figure 7).



There existed a big difference between the results based on the two scales of data. It was found that the maximum difference in the accessibility of two residential communities in the same street ranged from less than 0.02 to 0.94 in Guangzhou (Figure 8). Places with higher values consisting of mainly of centers from main cities form a ring-shaped region between the central and surrounding cities. Although the relative errors of the accessibility results based on the two scales data are relatively low, cumulative errors can be large, with over 25% in major streets of the central and main cities. In 14 streets of Haizhu, Baiyun, Huangpu Panyu, Zengcheng and Nansha Districts, the cumulative errors of increased even exceed 100% (Figure 9).



The differences and errors affect a large number of the elderly population. Almost 90% of streets in Guangzhou has more than 50 elderly persons affected, with six over than 1000 (Figure 10).



In the central city, despite the abundance of RCFs and expedite traffic, it will be still hard to meet the requirements of society aging, due to the sheer size of the elderly population and the lack of available land. Therefore, a potential solution is to maximize RCFs in the edge area of the central city or in the main cities well connected to the central city.



Due to low density, a large number of RCFs and expedite traffic, the accessibilities of Baiyun, Huangpu and Panyu Districts are generally high in the main city. On the one hand, we recommend expanding the scale of existing facilities to meet the needs of the local and the urban residents who migrate from the central city. On the other hand, developing high-quality senior citizen service institutions would meet the needs on different levels. Nansha District has a large area but inconvenient transportation. Therefore, its accessibility is low. It is recommended to fully exploit the potential of existing RCFs and improve their service capability by restructuring and expansion.



In the surrounding cities, we see decreasing accessibility with distance from the main city. In general, low accessibility is mainly caused by the sparsity of RCFs, uneven distribution, and poor traffic. Thus, we recommend building new RCFs in the area where RCFs are scarce. The development of vacation-oriented resources may also be promising for elderly people in areas with suitable environments and convenient transportation. In addition, private care institutions should be encouraged to promote the layout of senior care service institutions facilitating more rational planning to the spatial distribution of RCFs in Guangzhou and other aging cities.
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Figure 1. Spatial distributions of 3494 residential communities and 169 streets in Guangzhou. 






Figure 1. Spatial distributions of 3494 residential communities and 169 streets in Guangzhou.



[image: Sustainability 12 03169 g001]







[image: Sustainability 12 03169 g002 550] 





Figure 2. Spatial distributions of 189 RCFs and its service intensity (beds) in Guangzhou. 
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Figure 3. Road network and its speed attributes in Guangzhou. 
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Figure 4. Kernel analysis of RCFs in Guangzhou. 
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Figure 5. The spatial variation of the elderly population at the streets level in 2020. 
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Figure 6. Spatial accessibilities to RCFs based on street scale and residential community scale in 2020 in Guangzhou. 
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Figure 7. Cluster and outlier analysis using LISA. 
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Figure 8. The maximum difference of accessibility (MDA) to RCFs by two residential communities in the same street. 
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Figure 9. The relative error between the accessibilities to RCFs based on residential community and street scales data, and the cumulative error in a street. 
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Figure 10. The change of RCFs beds (CB) and the corresponding affected elderly population (AP) in the streets in Guangzhou. 
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Table 1. Administrative division, residential community data, residential care facilities (RCFs) and its service intensity-beds, and the elderly population of Guangzhou.
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Guangzhou

	
District

	
Streets

(Towns)

	
Residential

Communities

	
RCFs (beds < 100, 100–300, >300)

	
The Elderly Population






	
The central city

	
Yuexiu

	
18

	
512

	
19 (10,8,1)

	
290,082




	
Tianhe

	
21

	
573

	
12 (9,1,2)

	
152,883




	
Haizhu

	
18

	
618

	
26 (11,11,4)

	
297,629




	
Liwan

	
22

	
382

	
30 (11,14,5)

	
205,478




	
The main city

	
Baiyun

	
22

	
421

	
31 (4,16,11)

	
224,552




	
Huangpu

	
14

	
144

	
10 (2,2,6)

	
79,940




	
Panyu

	
16

	
562

	
17 (4,9,4)

	
155,355




	
Nansha

	
9

	
39

	
10 (5,4,1)

	
76,060




	
The

surrounding

city

	
Huadu

	
10

	
115

	
13 (6,5,2)

	
127,853




	
Zengcheng

	
11

	
96

	
11 (3,7,1)

	
147,673




	
Conghua

	
8

	
32

	
10 (9,1,0)

	
92,495




	
Total

	
11

	
169

	
3494

	
189

	
1,850,000








Note: The elderly population was forecasted for 2020 using a natural growth method (Tao et al., 2015) based on 2010, 2017 and 2018 data.
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Table 2. Speed settings of different road types in Guangzhou.
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	Type
	Highway
	State Road
	Provincial Road
	County Road
	Township Road





	Speed (km/h)
	80
	60
	40
	30
	20
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Table 3. Characteristic statistics of the number of beds per 100 elderly (BP100E) in each district.
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District

	
BP100E

	
Streets, Aging Population (%)

	
Streets Count of

Top 50




	
BP100E < 2.9

	
BP100E > 3.0






	
Yuexiu

	
2.88–3.01

	
1

	
3.80

	
1

	
1.25

	
5




	
Tianhe

	
2.95–3.29

	
0

	
0

	
11

	
48.00

	
15




	
Haizhu

	
2.95–3.14

	
0

	
0

	
6

	
14.29

	
7




	
Liwan

	
2.88–3.00

	
4

	
4.46

	
0

	
0

	
3




	
Baiyun

	
2.77–3.03

	
7

	
36.99

	
4

	
23.72

	
6




	
Huangpu

	
2.76–3.32

	
5

	
41.17

	
7

	
43.91

	
8




	
Panyu

	
2.01–3.09

	
12

	
75.61

	
2

	
7.06

	
3




	
Nansha

	
1.05–3.46

	
8

	
89.73

	
1

	
10.27

	
1




	
Huadu

	
2.00–3.08

	
7

	
61.65

	
1

	
15.06

	
1




	
Zengcheng

	
1.41–3.05

	
10

	
91.82

	
1

	
8.18

	
1




	
Conghua

	
0.51–2.86

	
8

	
100

	
0

	
0

	
0
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Table 4. Global Moran’s I Summary.
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	Moran’s Index
	Expected Index
	Variance
	z-Score
	p-Value





	0.52
	0.00
	0.00
	266.20
	0.00











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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