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Abstract

:

Social infrastructure is provided to improve the quality of life of residents. There are two approaches to social infrastructure planning: (1) a population-based approach and (2) an access-based approach. A plan for the social infrastructure facilities in South Korea has been developed based on the population or number of households in a region. Recently, the South Korean government presented a guideline in which accessibility is included in the criteria. This study proposes a comprehensive evaluation method for the accessibility of social infrastructure and for identifying residential areas with poor access. To obtain the travel time between the residence and the social infrastructure facility, we employed a navigation application programming interface that provides a travel time that reflects the resistances in an actual situation. The accessibility index (AI) is defined as a population-weighted average travel time. We also identified residential areas with poor access to social infrastructure by creating accessibility maps. This study includes social infrastructure facilities, such as parks, libraries, elementary schools, childcare centers, kindergartens, and sports facilities. The method proposed in this study was applied to Namdong-gu, Incheon Metropolitan City, South Korea, to evaluate its applicability. The proposed method has advantages in that (1) the AI is easy to understand because it represents an intuitive index for the overall accessibility in minutes of a region, and (2) accessibility maps effectively identify residential areas with poor access.
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1. Introduction


Social infrastructure is defined as a complex system of facilities, programs, and social networks that aim to improve the quality of life [1]. It includes educational, medical, cultural, and sports facilities that are essential for the everyday life of citizens. Central and local governments have developed a social infrastructure plan to ensure the following: (1) the areas are sufficiently supplied with social infrastructure; (2) social infrastructure is as equitably distributed as possible; (3) social infrastructure is effectively and efficiently configured so that service providers can flexibly respond to changing local community needs over a long time period [2]. New towns or cities built through systematic planning are generally considered to have an adequate level of social infrastructure facilities. However, old towns or cities do not have an adequate level of social infrastructure. Local governments that administer old towns are interested in improving social infrastructure. Accordingly, financial investment is increasing in these regions.



The scope and definition of a social infrastructure varies depending on the characteristics and circumstances of a country. In Melbourne, Australia, swimming pools, recreation centers, community conference spaces, nurseries, libraries, senior welfare facilities, disabled welfare facilities, parks, hospitals, elementary schools, and middle schools are defined as social infrastructure [3]. In Germany, public services include education, welfare, health care, community, electricity, and water and sewage, which are basic services in everyday life of the people [4]. London, UK, social infrastructure includes health and social care, education, childcare center, recreation facilities, public toilets, and burial space [5]. Facilities and services necessary for a city are classified into culture, welfare, childcare, education, health care, commerce, and finance, which include facilities and services such as childcare centers, kindergartens, schools, hospitals, markets, welfare centers, post offices, and banks in Japan [6].



There have been two approaches to social infrastructure planning in cities. The first is a population-based approach, and the other is an access-based approach. An example of a population-based approach is presented in Healthy Urban Planning. Basic social infrastructure is needed within 1 km of the home for the community of 4000 to 5000 people [7]. Similarly, the only criterion for providing social infrastructure in South Korea was the population or number of households in the region. However, if only the population is considered in social infrastructure planning, the convenience of the residents might be overlooked. For example, a study found that the average distance from old-age, low-rise housing to social infrastructure in some areas in South Korea was approximately 2.7 km [8]. The elderly cannot walk 2.7 km to use the facilities. Therefore, these social infrastructure facilities do not effectively increase the convenience or quality of life of residents.



In order to resolve this problem, the Korea Ministry of Land, Infrastructure, and Transport (KMoLIT) put forward access-based guidelines in 2018 for social infrastructure planning. The new guidelines use travel time to a facility (on foot or by vehicle) as the threshold for determining the satisfaction in terms of residents’ convenience [9]. For example, the Korean government is planning to build a park so that anyone can use the park within 15 min of walking from home. This threshold seems reasonable because although sufficient social infrastructure facilities are provided in a region, they do not enhance residents’ satisfaction and quality of life if they are located in a poorly accessible location. However, any explicit method of evaluating the accessibility of social infrastructure facilities has not been proposed.



The present study proposes a comprehensive evaluation method for social infrastructure planning regarding accessibility, as shown in Figure 1. This method consists of two steps: (1) evaluating the overall accessibility of social infrastructure in a region such as a neighborhood (town) or city by computing the Accessibility Index (AI) and (2) identifying the social infrastructure “blind area” of the region. AI is an index representing accessibility to a region’s social infrastructure. A social infrastructure blind area is a residential area with poor access to social infrastructure. The overall research process was conducted using Geographic Information Systems (GIS). Data collection, manipulation (such as joining the spatial and non-spatial data), spatial-query analysis, and spatial display were performed using GIS. In addition, a navigation application programming interface (API) was employed to calculate the walking time and vehicle travel time between a residence and a social infrastructure facility.



The social infrastructure facilities investigated in this study are elementary schools, parks, childcare facilities, kindergartens, sports facilities, and libraries. Elementary schools, neighborhood parks, childcare facilities, kindergartens, neighborhood sports facilities, and neighborhood libraries are town-level facilities that citizens can generally use within walking distance. City parks, city sports facilities, and city libraries are city-level facilities relatively more extensive than the town-level facilities, and citizens usually drive to use them. The reasons for setting up the research facilities are as follows: First, these facilities are usually provided and operated mainly by the public; thus, more careful planning is required. Second, we selected the facilities that can guarantee data reliability. Data on the information of facilities, such as usage, size, and location, were obtained through local governments. Finally, the proposed method was applied to a real case in Namdong-gu, Incheon, South Korea.




2. Accessibility


Accessibility, which is mainly measured by travel distance or travel time, can be calculated using various methods. First, buffer analysis is a method of evaluating an area within which access is good based on the boundaries created by a set of points within a specific distance based on a facility. Lim et al. [10]. analyzed the accessibility of natural green spaces and urban parks according to the income-class factors in South Korea. GIS buffer analysis was used to measure the accessibility of local green spaces and urban parks. Ashiagbor et al. [11] measured the accessibility of healthcare facilities in Ashanti, Ghana. They identified the accessible areas using buffer analysis around the healthcare facilities. Wang et al. [12] used buffer analysis to measure the accessibility score of care facilities by residents in residential care facilities in Guangzhou, China.



Second, network analysis in GIS has been used to measure accessibility. For example, Islam and Aktar [13] proposed measuring the accessibility to health services in Khulna, Bangladesh. The travel time-based accessibility measurement method was proposed by computing the average travel time to the nearest hospital using various modes of transportation. Chen et al. [14] and Hu et al. [15] used the two-step floating catchment area to measure the accessibility of healthcare services and urban parks. The distance was measured using road network analysis to calculate the accessibility.



Finally, the navigation API has been recently used for accessibility calculation. Several studies have been performed using navigation API, such as using Google Maps to calculate the travel time. Wang and Xu [16] compared the travel time provided by Google Map Navigation API, which was calculated using the road network provided by the GIS software. Their study proved that the navigation API of Google Maps provided more accurate results than the road network analysis using the GIS software. Haitao et al. [17] used the Google Maps navigation API to develop a method of measuring the Beijing public transportation accessibility.



The travel time calculated using buffer analysis or network analysis in GIS may not be accurate because it does not reflect the actual resistance, such as the crosswalks and slopes of walkways. However, the travel time provided by a navigation API is more accurate because it can reflect various resistances on the roads. Therefore, navigation API was employed to calculate the travel time to social infrastructure facilities in this study. The navigation API has not been used for the accessibility calculation of social infrastructure planning in South Korea.




3. Methodology


3.1. Social Infrastructure Planning


This paper deals with social infrastructure planning issues. Social infrastructure planning authorities want to know where the social infrastructure is vulnerable because they have a limited budget and need to prioritize their investment. They want to determine where to place the social infrastructure facilities and the capacity of those facilities. As previously mentioned, there have been two approaches to social infrastructure planning: (1) population-based approach and (2) access-based approach. The main problem with the population-based approach is that new suburbs are not serviced with social infrastructure until a residential population gets large enough. This is a problem in suburban areas with low population densities, promoting deprivation amplification [18]. There is no indication of maximum distances to social infrastructure services or the size of catchment areas in a population-based approach.



The access-based approach is a relatively recent concept. Accessibility is also one factor determining a suitable location for green infrastructure and defining future scenarios of public space in cities [19,20]. The so-called ‘20-min neighborhood’ concept gives people the ability to fulfill most of their day-to-day life within 20 min of walking from home, and access to safe biking and local transportation options [21]. These communities are planned using strategic planning guidelines that incorporate maximum distances or maximum time as the basis for social infrastructure provision. The planning strategy ensures that urban areas have good access to social services.



However, it is not easy to find explicit methods for implementing such strategies. Social infrastructure planning authorities need to know where to place social infrastructure facilities. To this end, authorities first need to know where social infrastructure is vulnerable. Therefore, this study suggests a method to comprehensively evaluate neighborhoods or cities regarding accessibility and identify blind spots in social infrastructure.




3.2. Accessibility Index


The accessibility index is mainly used to evaluate the overall accessibility of a region. For example, Witten et al. created buffers along with road networks to develop a neighbor destination accessibility index for urban facilities and services in four cities in New Zealand and developed an accessibility index using the weighting facilities in the buffer [22]. Haitao et al. computed the accessibility index for the transit point of public transportation. They divided the entire region into cells and defined the average distance of the accessible transfer points from the cell’s center point within the cell as the accessibility index [17]. Matachowski et al. calculated the accessibility index for a comparative study of public service accessibility in Warsaw, Poland. The accessibility index was calculated by giving one point for kindergartens, two points for elementary schools, and three for high schools [23]. Lotfi and Koohsari divided the accessible distance range into three categories: shorter than 800 m, 800 m–1200 m, and longer than 1200 m to calculate the accessibility index considering the population of the census blocks [24]. Ashik et al. computed the accessibility index with population proportion and distance for spatial equity of urban facilities [25]. de Alba-Martinez et al. defined access to sustainable transport from university index using total nodes and routes weighted by attractiveness at service areas [26].


  A  I i  =    ∑   p  i j   ×  t  m i n    P   



(1)







This study defines the accessibility index (AI) as shown in Equation (1). AI in a neighborhood is calculated using Equation (1), where   A  I i    is the AI of  i th-neighborhood in a city,  P  is the total population of the city,    p  i j     is the population of the  j th residential block (RB) in   i th  -neighborhood, and    t  m i n     is the travel time between the RB and nearest social infrastructure facility. Thus, AI represents the population-weighted expected travel time (mathematical expectation) required to reach a social infrastructure facility in a town. For example, when AI for a library of a town is 4.3 min, the town’s citizens need an average of 4.3 min to get to a library.




3.3. Data


ArcGIS [27] as GIS software was used in this study to create spatial data, connect (join) the spatial and attribute data, identify the nearest social infrastructure facility from a residential block (RB), and for spatial query. First, the census shapes were processed to create RBs. Second, the population data were combined with the associated RB spatial feature. Third, the spatial data, including the coordinates of social infrastructure facilities, were created. Fourth, we obtained the travel time between the RBs and infrastructure facilities using the navigation API.



3.3.1. Spatial Data


Namdong-gu (Namdong District), Incheon Metropolitan City, South Korea, was selected as the case study area. Namdong-gu (Namdong District) has 22 administrative dongs, the smallest urban-area division in South Korea with its own office and staff. The walking or vehicle travel time between the RBs and social infrastructure facilities was required to compute the AI. The RBs and social infrastructure facilities in Namdong-gu were created as spatial features in the GIS environment (Figure 2 and Figure 3). The population data obtained from National Spatial Data Infrastructure Portal were combined with the corresponding spatial feature [28].



We obtained the location information of the infrastructure facilities from the administrative office [29]. Information about the childcare centers and kindergartens was collected from Child School Info [30]. Then, we created spatial features of the social infrastructure facilities as polygons for parks and as points for the others. Table 1 lists the data sources and data types by facility.




3.3.2. Travel Time Calculation Using Navigation API


The walking and vehicle travel times from the RBs to the social infrastructure facilities were calculated using the navigation API (T-map API). T-Map, which was provided by SK Telecom in South Korea, is a commercial navigation system similar to the Google navigation system. The origin and destination information are needed to calculate the travel time. The nearest destination facility from each origin RB was identified in GIS. Then, the travel time was calculated via the navigation API and added to the attribute table of the corresponding RB spatial features for further analysis.



T-map API provides a function to calculate the distance and time traveled by walking and riding vehicles. We needed to automate the travel time calculation because many combinations of origin and destination (RBs and infrastructure facilities) are possible. Therefore, this study automated T-map API using Java8.1 and Javascript-based programming. This customized code extracted data on the origin and destination, such as origin longitude, origin latitude, destination longitude, and destination latitude, from the RB spatial features combined with the nearest facility data. The extracted data were sent to T-map API to obtain the path-search results of travel distance (unit: meter), travel time (unit: second) between the origin and destination. According to the abovementioned process, the distance and travel time between the RBs and social infrastructure facilities were obtained.





3.4. Identifying Social Infrastructure Blind Spot


AI provides an indicator for evaluating a region in terms of population-weighted average travel time to social infrastructure. However, an AI of 10 does not mean that every resident in the region has access to a social infrastructure facility in 10 min because AI is only a representative average value. Some RBs may have AIs that exceed 10 min and some less than 10 min. We performed a spatial query to find RBs that have poor access. We used the national recommendation time as a criterion for determining good access and poor access (Table 2).



As described above, the attribute table of each RB contains the travel time and distance to the nearest social infrastructure. Therefore, we can identify social infrastructure blind spots by a spatial query. Figure 4 is the data flow diagram that shows the process and data flow to identify social infrastructure blind spots. A data flow diagram describes how data is processed by a system in terms of inputs and outputs. A circle represents a process that transforms incoming data flow into outgoing data flow. Two horizontal straight lines represent datastores; arrows show the flow of data. For example, the ‘Customized Navigation API’ process receives the ‘Origin/Destination location table in a csv format’ and outputs the ‘Travel Time (Walk, Vehicle)’ table.





4. Results


4.1. AI


Table 3 lists the AIs of the dongs in Namdong-gu for social infrastructure facilities that citizens can access by walking. The Namdong-gu AIs were 6.8, 4.2, 4.2, 3.5, 6.0, and 7.1 min for libraries, parks, sports facilities, childcare centers, kindergartens, and elementary schools, respectively. The average AIs were 8.5, 4.3, 5.1, 4.3, 7.2, and 8.4 min for libraries, parks, sports facilities, childcare centers, kindergartens, and elementary schools, respectively. All average AIs were less than 10 min, which demonstrated that accessibility by walking to the social infrastructure facilities in Namdong-gu is generally good. However, the difference between the minimum and maximum values, which were 21.1, 11.2, 25.5, 22.3, 25.8, and 25.6 min, respectively, were considerable.



The interesting thing was that the Unyeon-dong AIs were the highest for all facility types. This is because most areas in Unyeon-dong are mountains, vacant lots, and subway stations and their subsidiary facilities. Except for industrial complexes, few RBs and commercial stores exist; thus, Unyeon-dong demonstrated the highest AIs for all types of social infrastructure facilities. In addition, the AIs of Jangsu-dong for libraries, kindergartens, and elementary schools were higher than the average. This is because only 4678 people (0.9%), which accounts for a tiny portion in Namdong-gu, live in Jangsu-dong. In addition, Jangsu-dong has a large public park and sports facilities. Further, private alternative schools are available for children with developmental disabilities. On the other hand, we found that the AIs in Namchon-dong for libraries and Mansu 4-dong for kindergartens were relatively high.



Table 4 lists the AIs for social infrastructure facilities that citizens can access by vehicle. The AIs of Namdong-gu were 5.4, 7.0, and 5.2 min for city libraries, city parks, and sports facilities, respectively. The average AIs were 5.6, 7.3, and 5.1 min for city libraries, city parks, and sports facilities, respectively. Similar to the accessibility by walking, all average AIs were found to be reasonable. This result shows that the accessibility by vehicle to social infrastructure facilities in Namdong-gu satisfies national recommendations. Ganseok3-dong demonstrated the lowest AI of 1.8 min for city libraries, whereas Nonheon2-dong showed the highest AI of 9.8 min. Guwol1-dong residents need 2 min and Ganseok4-dong residents need 17.7 min to access city parks. The differences between the minimum and maximum values were 8, 15.7, and 7.3 min for city libraries, city parks, and sports facilities, respectively.




4.2. RBs with Poor Access to Social Infrastructure


A spatial query was performed to identify RBs with poor accessibility, considered as social infrastructure blind spots (Figure 5 and Figure 6). As mentioned above, we used the South Korean national recommended travel time. For example, KMoLIT recommended less than 5 min to reach a childcare facility from home. RBs that could reach childcare facilities within 5 min are indicated in white, and those that could not are indicated in black. On the other hand, the national recommendations for elementary schools are 10 to 15 min. Therefore, RBs with a travel time between 10 and 15 min are colored in gray, those less than 10 min in white, and those greater than 15 min in black. Table 5 lists the population for each category in the national recommendations.



In total, 82% of the population requires less than 10 min to access the library, 13% need between 10 and 15 min, and 5% exceed 15 min. On the other hand, 99.6% of the population has good access, whereas 0.4% in Namdong-gu has poor access to a park by walking. In the cases of childcare facilities and kindergartens, 111,429 people (21%) and 53,061 (10%), respectively, live in childcare service blind spots. Furthermore, 4% of Namdong-gu live in sports facility service blind spots, and 10,612 people (2%) live in spots with poor access to elementary schools.



Table 6 shows the population and proportion of residents with poor access and good access to the city libraries, city parks, and sports facilities by vehicles. In total, 95% of the population has good access to the city libraries, while 5% has poor access, requiring longer than 15 min to reach a library. In the case of the sports facility, no residents were living in blind spots. Accessibility to the city libraries and sports facilities was found to be excellent. On the other hand, 77% of the population spends within 10 min of travel time to access the city parks, and 23% spend longer than 10 min.





5. Discussions


From the results, we can evaluate the overall accessibility of social infrastructure for residents. From the AIs, we found that neighborhood libraries are needed in Unyeon-dong, Jangsu-dong, and Namchon-dong. For example, the residents in Unyeon-dong spend 24.7 min on average to use neighborhood libraries. As previously mentioned, the South Korean government recommends 10 to 15 min to reach a neighborhood library from home. In particular, Unyeon-dong demonstrated poor accessibility in most facility types, such as parks, sports facilities, and childcare centers. Jangsu-dong also has poor accessibility to kindergartens and elementary schools. It was found that more kindergartens should be built in Mansu4-dong to improve accessibility.



Most of the dongs in Namdong-gu had satisfactory AIs for city-level facilities. They have reasonable accessibility to city libraries, city parks, and sports facilities. However, the AIs show that Ganseok1-dong, Ganseok2-dong, Ganseok4-dong, and Jangsu-dong have poor accessibility to city parks. Therefore, the Namdong-gu authorities should consider city parks first among city libraries, city parks, and sports facilities for social infrastructure planning.



As shown in the social infrastructure blind maps in Figure 5, it was found that residents in the left bottom area of Namdong-gu have poor access to libraries, sports facilities, childcare centers, kindergartens, and elementary schools. This is because there are industrial complexes in the area. In this case, it is necessary to interpret the map carefully. For city-level facilities, the left bottom area of the map shows poor access to city libraries (Figure 6a), whereas the top area of the map shows poor accessibility to city parks (Figure 6b). Therefore, urban planners should consider geographical and social situations. For example, the type of facilities that residents mainly use may vary depending on the age distribution of the residents. Parks and libraries are facilities for all ages, while kindergartens, elementary schools, and childcare centers are facilities for specific ages.



The comprehensive accessibility evaluation method proposed in this study provides the following advantages:




	
The travel time used in this study was obtained by navigation API that provided more accurate travel time and distance than those by any other tools. Therefore, the results in this study are closer to the actual value. This has not been attempted in the field of social infrastructure planning. Most previous studies used distance as access data [17,22,25]; however, the travel time may be different even at the same distance, especially in cities.



	
The AI is easy to understand because it represents an intuitive index for the overall accessibility in minutes of a region. Accessibility index in a score is difficult to understand and to use to set a goal, even if the relative comparison is possible [23,24,25,31]. Therefore, urban planners can understand and compare the overall accessibility to social infrastructure and identify regional gaps.



	
This study suggested a method to identify the residential areas with poor access to social infrastructure and compute the population residing in those areas. The method was applied to an actual case to validate the applicability. The results showed that the method effectively identified residential areas with poor access to social infrastructure. This result can help authorities establish social infrastructure planning when determining which facilities to supply to which area.



	
The two-step evaluation method presented in this study provides a comprehensive understanding of the social infrastructure accessibility of a region. Previous studies have often been limited to global evaluation by computing accessibility indices of cities or neighborhoods and showing them on a map [17,22,23,25,31]. However, this study includes not only global evaluation, but also individual residential block-level analysis based on the same database.








The limitations of this study are as follows. First, we only dealt with accessibility to social infrastructure on the assumption that the capacity of the facilities is sufficiently satisfied. However, the capacity that represents the facility’s size, such as a park area and the number of library seats, should also be considered when social infrastructure planning. Second, we assumed that residents use only facilities located in the study area, Namdong-gu. However, residents living near the administrative boundary can use facilities outside the study area. Third, the shortest linear distance was used to match an RB and the nearest facility at a ratio of 1:1. In this case, the distance may be the closest, but the travel time may not be the shortest.




6. Conclusions


State and local government planning authorities provide the master plan for social infrastructure service provision. These plans have been delivered based on a minimum population threshold approach for social infrastructure planning. However, recent cities are suggesting strategies to establish social infrastructure planning based on accessibility. For example, in the Metropolitan Melbourne Strategic Plan, the Victorian government provides a vision for a 20-min neighborhood based on a proximity or accessibility approach [21].



This study proposed a method to evaluate neighborhoods or cities based on an accessibility approach comprehensively. AI was defined as the population-weighted expected travel time required to reach a social infrastructure facility. Urban planners can compare the overall accessibility to social infrastructure and identify regional gaps as AI provides an indicator for evaluating a region in terms of overall accessibility. This study also suggested a method to identify the residential areas with poor access to social infrastructure. The case study results can help planning authorities establish social infrastructure planning when prioritizing investment of social infrastructure.
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Figure 1. Comprehensive accessibility evaluation of social infrastructure. 
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Figure 2. RBs in Namdong-gu, Incheon: (a) residential blocks in polygon features; (b) residential blocks in point features. 
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Figure 3. Social infrastructure facility spatial data: (a) childcare centers; (b) kindergartens; (c) elementary schools; (d) parks; (e) libraries; (f) sports facilities. 
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Figure 4. Data flow diagram to find social infrastructure blind spots. 
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Figure 5. Maps of residential areas with poor access—walking time: (a) library; (b) park; (c) sports facility; (d) childcare center; (e) kindergarten; (f) elementary school. 
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Figure 6. Maps of residential areas with poor access—vehicle time: (a) city library; (b) city park; (c) sports facility. 
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Table 1. Data sources and types.






Table 1. Data sources and types.





	Data
	Source
	Spatial Data Type





	Childcare centers
	Child School Info [30]
	Point



	Kindergartens
	Child School Info [30]
	Point



	Elementary Schools
	Administrative Office [29]
	Point



	Parks
	Administrative Office [29]
	Polygon



	Libraries
	Administrative Office [29]
	Point



	Sports facilities
	Administrative Office [29]
	Point



	Residential blocks
	Census Shapes [28]
	Point, Polygon



	Population
	Census of Population Data [28]
	Text
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Table 2. Travel Time National Recommendation, South Korea.
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Region

	
Class

	
Facility

	
Description

	
National Recommendation (min)






	
Town (Walki ng)

	
Learning

	
Library

	
Public, Private, Small library

	
10~15




	
Rest

	
Park

	
Neighborhood Park

	
10~15




	
Athletic

	
Sports facility

	
Pool, Playground, PE Studio

	
Less than 10




	
Care

	
Childcare center

	
Public, Private

	
Less than 5




	
Education

	
Kindergarten

	
Public, Private

	
5~10




	
Elementary school

	
-

	
10~15




	
City (Vehicle)

	
Learning

	
City library

	
Public

	
Less than 10




	
Rest

	
City Park

	
Over 100,000    m 2   

	
Less than 10




	
Athletic

	
Sports facility

	
Stadium, Gym, Pool

	
15~30
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Table 3. AI by dong—walking time.
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	Dong
	Population
	Population (%)
	Library (min)
	Park (min)
	Sports Facility (min)
	Childcare Center (min)
	Kindergarten (min)
	Elementary School (min)





	Ganseok1
	23,975
	4.5
	5.9
	3.9
	4.1
	2.4
	4.4
	8.0



	Ganseok2
	23,856
	4.5
	7.6
	5.9
	3.9
	5.0
	6.2
	8.2



	Ganseok3
	25,616
	4.8
	5.9
	3.7
	3.8
	3.6
	6.7
	8.0



	Ganseok4
	26,723
	5.0
	7.6
	6.1
	3.7
	3.7
	6.4
	7.7



	Guwol1
	32,488
	6.1
	4.3
	3.1
	3.5
	2.8
	5.1
	5.6



	Guwol2
	38,472
	7.3
	6.1
	6.8
	3.8
	7.8
	5.2
	5.2



	Guwol3
	27,196
	5.1
	8.7
	3.2
	2.9
	3.6
	6.5
	8.7



	Guwol4
	16,487
	3.1
	4.2
	2.8
	2.8
	2.7
	4.6
	7.6



	Nonhyeon1
	33,545
	6.3
	4.9
	4.2
	4.2
	3.3
	5.6
	6.8



	Nonhyeon2
	32,550
	6.1
	7.1
	3.7
	3.4
	3.3
	6.2
	8.2



	Mansu1
	16,597
	3.1
	4.7
	2.9
	6.8
	2.6
	5.0
	7.3



	Mansu2
	25,424
	4.8
	7.4
	4.1
	2.9
	2.7
	5.5
	8.4



	Mansu3
	18,070
	3.4
	4.1
	2.5
	2.4
	1.8
	2.8
	3.7



	Mansu4
	23,559
	4.4
	6.2
	3.4
	5.2
	4.1
	10.8
	6.0



	Mansu5
	16,336
	3.1
	3.8
	3.7
	2.4
	2.2
	3.7
	8.4



	Mansu6
	26,441
	5.0
	4.7
	4.0
	3.9
	2.9
	5.7
	5.4



	Nonhyeon-gojan
	41,503
	7.8
	7.1
	3.2
	6.3
	3.1
	6.3
	6.5



	Dorim
	9550
	1.8
	7.1
	3.5
	5.1
	2.1
	4.7
	7.8



	Seochang
	54,513
	10.3
	8.3
	5.3
	5.3
	3.4
	7.5
	7.3



	Unyeon
	454
	0.1
	24.7
	13.7
	27.9
	24.1
	28.6
	29.3



	Jangsu
	4678
	0.9
	24.9
	2.9
	4.6
	5.4
	16.2
	16.2



	Namchon
	12,538
	2.4
	21.0
	3.0
	2.4
	2.2
	4.3
	4.6



	Min
	454
	0.1
	3.8
	2.5
	2.4
	1.8
	2.8
	3.7



	Max
	54,513
	10.3
	24.9
	13.7
	27.9
	24.1
	28.6
	29.3



	Average
	24,417
	4.5
	8.5
	4.3
	5.1
	4.3
	7.2
	8.4










[image: Table] 





Table 4. AI by dong—vehicle time.
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	Dong
	Population
	Population (%)
	City Library (min)
	City Park (min)
	Sports Facility (min)





	Ganseok1
	23,975
	4.5
	3.2
	12.7
	5.5



	Ganseok2
	23,856
	4.5
	3.9
	10.2
	5.1



	Ganseok3
	25,616
	4.8
	1.8
	9.9
	3.3



	Ganseok4
	26,723
	5.0
	7.3
	17.7
	6.5



	Guwol1
	32,488
	6.1
	5.7
	2.0
	5.8



	Guwol2
	38,472
	7.3
	4.8
	5.7
	6.4



	Guwol3
	27,196
	5.1
	4.9
	6.0
	8.3



	Guwol4
	16,487
	3.1
	4.2
	2.5
	3.6



	Nonhyeon1
	33,545
	6.3
	6.4
	4.7
	5.4



	Nonhyeon2
	32,550
	6.1
	9.8
	3.4
	6.0



	Mansu1
	16,597
	3.1
	7.3
	4.7
	4.1



	Mansu2
	25,424
	4.8
	4.3
	9.0
	5.6



	Mansu3
	18,070
	3.4
	3.4
	6.6
	6.5



	Mansu4
	23,559
	4.4
	6.6
	9.3
	2.7



	Mansu5
	16,336
	3.1
	4.5
	4.0
	4.0



	Mansu6
	26,441
	5.0
	7.7
	9.7
	2.6



	Nonhyeon-gojan
	41,503
	7.8
	4.0
	4.4
	7.5



	Dorim
	9550
	1.8
	8.6
	3.7
	3.5



	Seochang
	54,513
	10.3
	5.2
	6.3
	4.8



	Unyeon
	454
	0.1
	6.3
	9.1
	6.4



	Jangsu
	4678
	0.9
	7.0
	11.6
	7.1



	Namchon
	12,538
	2.4
	6.4
	6.5
	1.0



	Min
	454
	0.1
	1.8
	2.0
	1.0



	Max
	54,513
	10.3
	9.8
	17.7
	8.3



	Average
	24,417
	4.5
	5.6
	7.3
	5.1
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Table 5. Population by legend—walking time.
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Facility Type

	
National Recommendation (min)

	
Population

	
Percent






	
Library

	
TT * ≤ 10

	
435,103

	
82%




	
10 < TT ≤ 15

	
68,980

	
13%




	
TT > 15

	
26,531

	
5%




	
Park

	
TT ≤ 10

	
509,389

	
96%




	
10 < TT ≤ 15

	
19,102

	
3.6%




	
TT > 15

	
2122

	
0.4%




	
Sports Facility

	
TT ≤ 10

	
509,389

	
96%




	
TT > 10

	
21,225

	
4%




	
Childcare Center

	
TT ≤ 5

	
419,184

	
79%




	
TT > 5

	
111,429

	
21%




	
Kindergarten

	
TT ≤ 5

	
233,470

	
44%




	
5 < TT ≤ 10

	
244,082

	
46%




	
TT > 10

	
53,061

	
10%




	
Elementary School

	
TT ≤ 10

	
451,021

	
85%




	
10 < TT ≤ 15

	
68,980

	
13%




	
TT > 15

	
10,612

	
2%








* TT: travel time.
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Table 6. Population by legend—vehicle time.






Table 6. Population by legend—vehicle time.





	
Facility Type

	
National Recommendation (min)

	
Population

	
Percent






	
City Library

	
TT * ≤ 10

	
504,082

	
95%




	
TT > 10

	
26,531

	
5%




	
City Park

	
TT * ≤ 10

	
408,572

	
77%




	
TT > 10

	
122,041

	
23%




	
Sports Facility

	
TT ≤ 15

	
530,613

	
100%




	
15 < TT ≤ 30

	
0

	
0%




	
TT > 30

	
0

	
0%








* TT: travel time.
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