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            Abstract
          
        

        
          Urban decline is a multifaceted problem, comprising numerous socio-spatial factors, and has a self-enforcing effect that aggravates already-declined areas. With a growing concern about the declining trend, the central government has actively used institutional interventions, including the Urban Regeneration New Deal Project, to revitalize the physical infrastructure and social capital. With regard to strategic approaches, fostering pedestrian-friendly environments is crucial for revitalization. This study aims to investigate the association between walking trips and urban decline. We use three types of measurements for urban decline: indices with individual subjects, comprehensive decline index with subject, and comprehensive index total. Using the 2016 Household Travel Diary Survey data, we obtained information on walking behaviors and categorized walking trips into utilitarian and leisure walking. Employing multilevel logistic regression with random intercept, we estimate the effects of urban decline factors on the likelihood of a person walking for the purpose of a trip. We find that a decline in the demographic and social environment is related to a decrease in the possibility of walking with utilitarian purposes. In addition, the more a neighborhood (a Dong) declined, the less a resident in the neighborhood walks with utilitarian purposes, while the more leisure walking trips tend to increase. This implies that central and local governments must consider demographic and socioeconomic decline trends in urban regeneration plans to promote walkability. Additionally, it is necessary to consider ways to support leisure walking in declined areas.
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      Ⅰ. Introduction
      Along with the paradigm shift in urban planning policies towards sustainable development, the importance of walking has been heightened. Walking is an act that connects every means of transportation and serves as a fundamental mode of the trip in recent urban planning and design concepts such as compact cities and transit-oriented development (TOD) for sustainable development (Choi et al., 2013). In addition to its role as a means of transport, walking is crucial in creating a sustainable city in reducing pollution, creating social capital, and revitalizing streets. (Kim et al., 2014; Sa and Lee, 2018).

      Pedestrian policies subject only to the past transportation sector have gradually expanded to a rather extensive project associated with urban regeneration and other relevant fields (Lee and Jung, 2019). Indeed, pedestrian policies are considered one of the core strategies to revitalize declined cities in urban regeneration policies, since walking is the most crucial barometer in understanding how vibrant a city is and at the same time has excellent potential in revitalizing a city as a whole. Meanwhile, as the level of decline nationwide by Eup (Town), Myeon (Township), or Dong (Neighborhood), which are the units of the administrative division of the Republic of Korea, has aggravated from 64.5% in 2013 to 69% in 2017 (Korea Research Institute for Human Settlements, 2019), walking-related projects under the framework of urban regeneration policies for declined cities are expected to increase.

      “Decline” is a spatial phenomenon occurring throughout different parts of a city, and the issues resulting from urban decline and interactions of various relevant factors could lead to a vicious, downward spiral. In general, the aspects of urban decline appear in social, economic, and physical sectors. According to Korea Urban Renaissance Center (KURC, 2010), it is possible to define urban decline as “A state in which a city is losing or has lost vitality in three areas: demographic society, industrial economy, and physical environment.” In line with the understanding of urban decline as a phenomenon comprising social, economic, and physical aspects, some attempts to approach the urban decline with social and spatial factors. Earlier studies showed that the urban decline is closely related to several factors, including health and traffic accidents. (Jo et al., 2014; Park and Park, 2017).

      Decisions regarding walking are made based on the socio-economic characteristics and walking environment of an individual, and the walking environment encompasses not only the physical elements but also social, economic, and demographic factors. Therefore, we need a comprehensive approach to carrying out studies on walking, taking various factors related to walking into account (Choi et al., 2013). Nevertheless, most empirical studies conducted domestically on walking tend to focus on the relations between walking and the physical environment, and those dealing with social, economic, and demographic factors are still insufficient. In particular, few studies have focused on walking and urban decline as a universal phenomenon, even though pedestrian policies have expanded thus far. Decrease in population, physical deterioration, weakened economic foundation, and spatial concentration of poverty are associated with walking. Also, to encourage walking activity and create a practical effect of walking by policy measures, it is necessary to identify and fine-tune the factors affecting walking activities (Sa and Lee, 2018). Along with the extensive walking-related projects being promoted recently by urban regeneration policies to tackle urban decline issues, studies clearly showing the relation between urban decline and walking should be further carried out.

      Against this backdrop, this study aims to review the preceding literature on urban decline and walk and perform empirical analyses on the relation between urban decline and walking trips by purpose1) based on 181,330 trips surveyed in 423 Dongs (administrative districts) in Seoul. Since Seoul Metropolitan City is one of the top places where urban regeneration projects and walking policies are being applied and taking place, this study’s results can easily find utility in policymaking. This study has two broad purposes: The first is to analyze correlations between the decline phenomenon and walking trips by purpose. To that end, we attempt to identify the relation between urban decline factors and walking trips by purpose, controlling individuals’ socio-economic characteristics and physical environment factors linked with walking trip choices from some prior studies. The second is to analyze the decline phenomenon’s effect size at the Dong-level in purpose-specific walking trip choices, using the Proportional Reduction in Error (PRE)2) in the Hierarchical Linear Model.

    

    

  
    
      Ⅱ. Literature Review
      
        1. Spatial characteristics of urban decline
        Problems stemming from urban decline tend to be intensively in specific places in a city and are multi-faceted results generated from complex interactions of diverse social and spatial factors (KURC, 2010). Thus, the urban decline reflects not only physical aspects but also social and economic sides as well, both an empirical analysis and comprehensive interpretation are required to understand the phenomenon (Kim, 2010) fully. To identify the spatial characteristics of the urban decline phenomenon in this study, we looked into case studies in two fields of the subject: ones on the spatial pattern of decline and others dealing with the relation between urban decline and social and spatial factors.

        First, we reviewed studies on the spatial pattern of urban decline. Kim, K. J.(2010) performed a qualitative study to identify the causes behind urban decline in Korea and its characteristics. According to its analyses on 84 cities nationwide, spatial concentration of poverty was found, including physical obsolescence of infrastructure, neglected properties, depressing sales, high vacancy, poverty and job loss, and the socially disadvantaged class’s residence. Despite the problems due to poverty, those cities’ social environments are relatively healthier than in Western countries. Lee, H. Y. et al. (2010) derived the multiple decline index (MDI), analyzing the conditions of decline and spatial patterns in 2,171 Dongs or Eups nationwide. They sampled the top 30% of the administrative divisions based on the MDI and found that Dongs or Eups in Seoul and other metropolitan cities took up a significantly large portion, signifying that the decline phenomenon is occurring universally regardless of the size of a city. Chae, H. W. (2013) analyzed the spatial patterns of urban decline within Seoul using the MDI and found that the decline pattern had shifted from the center of the city to the northern districts and that every Gu had the declined Dongs in the city. Next, studies examined the relationship between the urban decline and social or spatial factors. In order to find the relationship between the decline and health, Jo et al. (2014) analyzed how the MDIs in demography, economy, and physical environment are related to the health level of a region, with the health care characteristics of 228 Sis (Cities), Guns (Counties), and Gus (Districts) nationwide serving as controlled variables. The results showed that the higher the MDI rose, the lower the health performance was. Park, N. Y., and Park, B. H. (2017) examined the relations between individual indices of social, economic, and physical decline factors and the number of accidents that occurred in 251 Sis, Guns, and Gus nationwide to shed light on how the urban decline is related to traffic accidents. The results showed that the number of accidents per 1,000 persons became higher as the ratio of elderly population, annual average population growth rate, the ratio of aged dwelling units, percentage change in the number of businesses, and the number of employees in retail and wholesale per 1,000 persons grew higher than others.

      

      
        2. Relation between socioeconomic characteristics and walking
        Since the physical environment and socioeconomic, and other personal factors may affect walking, a relatively comprehensive approach must fully understand the relation (Choi et al., 2013). Preceding studies have defined socioeconomic characteristics by diverse variables, ranging from those at the individual/household level to neighborhood level, to resolve inequalities in walking activities due to socioeconomic characteristics.

        Agrawal and Schimek (2007) found that individuals with different socioeconomic characteristics may choose different walking trips for different purposes. They that with higher levels of education, utilitarian and leisure walking increased accordingly. When the income level was high, the proportion of utilitarian walking was low, but leisure walking was high. The study also confirmed that Blacks were less likely to choose utilitarian walking than Whites even with variables such as income, education, density, and car-ownership factors controlled. Cerin et al. (2009) analyzed what impact socioeconomic characteristics have on walking as a means of mobility both directly and indirectly. The results showed that the higher the household income and neighborhood income level were, the longer the physical activity hours and leisure time for physical activity were, which indirectly impacted walking for mobility. However, there is no significant direct impact. Considering both the direct and indirect impact, walking for mobility increased as the household income decreased and increased neighborhood income. It implies that household income and neighborhood income bear different significance in terms of walking. Lee, Y. S. et al. (2013) examined the changes in pedestrian volumes in Seoul’s neighborhood units and their relations with diverse urban variables. The urban characteristics variables included the search Dong’s socioeconomic characteristics were classified primarily into land use, finance, income level, population, employment, and car ownership factors. The results showed that the land-use diversity index and factors related to population and employment influenced pedestrian volume changes, and as the diversity index and the employee density rose, walking increased. Sung, H. G. et al. (2015) investigated the determinants of walking activities for leisure and trip purposes focusing on individual and household level characteristics, and reported that walking activities for leisure and trip purposes were different. In particular, the differences in leisure purposes mainly arose from gaps in personal attributes, while the walking activity time for trip purposes differed not only by individual attributes but also by regional characteristics. The higher the level of education, the less time spent on leisure walking and walking for the trip, and the higher the personal income, the shorter the trip’s walking time.

      

      
        3. Relation between the physical environment and walking
        Since the new urbanism and other planning-oriented approaches emerged in the 1990s, various empirical studies on the relationship between the physical environment and walking have been conducted, led mainly by American and other western researchers (Lee et al., 2014). Initially, researchers regarded walking as general pedestrian activities in analysis of its relationship with the physical environment (Lee and Ahn, 2007; Lee et al., 2014), but later some studies have widened its scope by categorizing the purpose of walking (Lee and Choi, 2018) or by segmenting the spatial types of walking (Lee et al., 2013).

        This study examined the preceding literature, focusing on studies where the spatial scope was by Dongs. Lee, K. H., and Ahn, K. H. (2007) examine the association of neighborhood environment with walking times for 40 Dongs in Seoul, using Korea National Health and Nutrition Examination Survey data. They found that the land-use mix, multi-family row dwelling units, intersections per km, street connectivity, land gradient, and accessibility to parks and streams affect the walking time. Kim et al. (2014) examined the relations between the urban form and walking probability in Seoul. They consider more variables, including the location of neighborhood and regional attributes. The study shows that neighborhood and regional attributes affect the probability of walking, specifically population density, building coverage ratio, land use mix, street connectivity, intersection per km, land gradient, accessibility to the bus stop, and road ratio. Lee, K. H. et al. (2014) looked into the correlation between the neighborhood environment and pedestrian volume in 424 Dongs in Seoul using the National Household Travel Survey data and reported that the land use mix, intersections per km, and land gradient, were statistically significant variables. Lee, J. S., and Choi, H. M. (2018) investigated 423 Dongs in Seoul and reported that different physical environments of neighborhoods play a role according to the purpose of walking trips. Studies show that utilitarian walking is affected by road network density, population density, mix of business establishments, parks, accessible public sports facilities area. In contrast, leisure walking is related to accessibility to subway and bus stops, street connectivity, road network density, and parks’ floor area.

      

      
        4. What makes this study different
        Findings from previous works can be summarized as follows:

        First, the decline is a spatial phenomenon and results of multi-faceted interactions among social, economic, and physical factors, requiring empirical analysis and comprehensive interpretation to understand the urban decline phenomenon fully. Also, the decline can be measured using an individual index of urban decline or multiple decline indexes.3)

        Meanwhile, the decisions on walking are made not only by the physical environment but also by socioeconomic characteristics. The physical and socioeconomic factors related to walking are different depending on the purpose of walking trips. Although some attempts to clarify the relation between walking and socioeconomic characteristics of a neighborhood in a somewhat limited scope, it appears insufficient to fully understand the relation between walking and decline only with such studies.

        This study suggests different approaches from the primary research as follows:

        First, we examined the relationship between decline and walking by extending the scope of variables to include urban decline factors, adding it to land use, urban form, and street environment, commonly employing physical environment factors in preceding research. Second, to understand the urban decline phenomenon’s complexity, we analyzed the urban decline factors by categorizing them into individual urban decline index, multiple decline index by sector, and comprehensive multiple decline index.

      

    

    

  
    
      Ⅲ. Research Methods
      
        1. Analytical models
        In this study, we construct analytical models using factors such as socio-economic characteristics of individuals (S), the physical environment of the neighborhood (N), and urban decline factors (D), taking note of the relations between the choices for walking by walking trip purpose (Wt,u,l) and decline.
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        Wt : walking trip generated
Wu : utilitarian walking trip generated
Wl : leisure walking trip generated
S : socioeconomic status at individual level
N : environmental qualities of neighborhood
D : urban decline factors

        Socioeconomic characteristics of individuals and the neighborhood’s physical environment are crucial factors closely related to the choices for walking trips, as defined in other preceding studies.

        We used the hierarchical linear models for analysis measures, enabling consideration of the individual and group levels simultaneously. It means that all observed values are included in all different levels, and therefore differences in all of those different levels should be controlled in quantitative analysis (Lee et al., 2014). In general, when calculating the hierarchically structured data by Least Squares Method (LSM), the assumptions to be complied by a regression model are disregarded. It will significantly reduce the standard error, making it highly likely that the null hypothesis is rejected (Lee and No, 2013). Besides, when using the hierarchical linear models, it is possible to analyze in detail at which level the explanatory variables show their effect and how significant such effect can be by level, based on variances by group, or “Random Effect”, as shown in the hierarchical data (Baek, 2018). More specifically, this study performed the analyses with the random intercept models4) the base model, and since the dependent variables are binary, we use the random intercept logit model. The random intercept logit model is a two-level model; the first level was the individual level and the second the neighborhood level (by dongs) in which the individual resides. We set the least significant difference level at 10% in analyses.

        The model specification consists of total walking trips, utilitarian purpose walking trips, and leisure purpose walking trips, and each consists of six models in total (see Table 1). Model 1 is a basic model, which includes only constant terms. It is to see how the two-level variances change when a different explanatory variable is involved. Model 2 includes individuals’ socioeconomic characteristics (level 1), designed to identify whether the neighborhood’s physical environment has a statistically significant effect on walking trips by purpose, controlling individuals’ socioeconomic characteristics. Model 3 includes the neighborhood’s physical environment among the level 2 variables, aiming to see whether the urban decline factors are statistically significant for walking trips by purpose when the socioeconomic characteristics of individuals and the neighborhood’s physical environment are controlled in subsequent analyses. In Model 4 through Model 6, the individual urban decline index (Model 4), the multiple decline index by sector (Model 5), and the comprehensive multiple decline indexes (Model 6) were added for analyses to identify the relations between decline and walking trips by purpose.

        
          Table 1. 
				
          

          
            Model specification
          
          

        

        
        

      

      
        2. Data and variables
        Data used in this study are as follows:

        First, data on walking trips by purpose was established by summing up the log of by-mode trips in the 2016 National Household Travel Survey5) data. For the decline phenomenon, the Eup-Myeon-Dong index6) in the measurement of urban decline was developed by KURC (2010). To develop the data sets, we used 2016 Seoul Public Data and 2016 GIS-based Building Integrated Information System data by the Ministry of Land, Infrastructure, and Transport (MOLIT), Republic of Korea. Table 2 shows the measurement of urban decline by KURC (2010). For the establishment of data regarding the physical environment of the neighborhood, we used 2016 Seoul Public Data, 2016 administrative district boundary information for the Statistical Geographic Information Service census, 2016 GIS-based Building Integrated Information System by the MOLIT, 2016 Road Name Addresses DB by the Ministry of the Interior and Safety (MOIS).

        
          Table 2. 
				
          

          
            Measurements of urban decline
          
          

        

        
        

        The walking trip occurrence by trip purpose as a dependent variable refers to “a walking trip by purpose by a resident within his/her residing dong for a day.” The purposes of walking trips were divided into walking trips for utilitarian purposes and those for leisure purposes, based on the National Household Travel Survey data classification. Due to limited data available, we define the walking trips for leisure purposes in this study as “A walking trip as a transport mode for leisure activities.”7)

        The explanatory variables are composed of individuals’ socioeconomic characteristics (Level 1) and the neighborhood’s physical environment and urban decline factors (Level 2). Table 3 presents specific methods of measuring and descriptive statistics for each of the variables. For the socioeconomic characteristics of individuals (Level 1 variables), which are crucial factors in understanding the walking trip choices, we used the household status and the characteristics of the household members provided by the National Household Travel Survey data. To explain, the socioeconomic status of individuals in this study consists of Age, Sex, Income, Driver’s license, Car ownership, Housing type, and Occupation.

        
          Table 3. 
				
          

          
            Descriptive statistics
          
          

        

        
        

        For the physical environment of the neighborhood, one of two Level 2 variables, the variables were classified into Land use, Urban Form, and accessibility based on preceding works in which the spatial scope was by dongs (Lee and Ahn, 2007; Kim et al., 2014; Lee et al., 2014; Lee and Choi, 2018). Land use meant the accessibility to a destination and was measured using variables such as population density, land use mix, and commercial FAR. For the population density, we calculated the population’s net density using the 2017 Urbanized Area data. The land use mix, which refers to the various land usage, was categorized into Residential, Commercial, Business, Industrial, and Other buildings and measured using the Entropy index.8) Floor areas of commercial buildings (FAR Commercial) are one of the walkability indices showing accessibility to commercial facilities. The higher the FAR Commercial becomes, the more commercial buildings concentrated in the space (Kang, 2013). Urban forms, referring to the connectivity to destinations and streets environment, were measured using intersections, average land gradient, and road surface ratio. We calculated the number of intersections by dividing the number of crossroads intersections by the surface area of urbanization. Simultaneously, the average land gradient was measured for the entire surface areas of dongs subject to this study, using the Digital Elevation Model (DEM) data. The road surface ratio was measured by comparing the actual-width roads’ surface area to the urbanized surface area. For accessibility, we used the number of parks, public sports facilities, bus stops, and the accessible area of subway stations. For the accessibility to parks, public sports facilities, and bus stops, we calculated by dividing the number of such facilities by the urbanized area. We calibrated the accessibility to subway stations by applying a 500m buffer area around each station to estimate the accessible area of the surface (Jeon and Park, 2020).

        The urban decline measures, one of the level 2 variables, were classified into the individual urban decline index, multiple decline index by subject, and comprehensive multiple decline index. First, the individual urban decline index’s demography sector indicated the changes in urban population and demographic structure, socioeconomic growth potential, measured by using the annual average population growth rate, aging index, and ratio of the single elderly household. The annual average population growth rate is the mean value of the population growth rates between 2011 and 2016. The economic activity sector showed the size of the city’s economy and economic base, employment opportunities, and capital accumulation. The employees per 1,000 persons measured it, employees per business establishment, the ratio of employees engaged in manufacturing, employees in retail/wholesale businesses per 1,000 persons, and small-sized dwelling units. The physical environment sector represents the deterioration of the physical environment and residential attractiveness, measured by the ratio of an aged dwelling unit and the ratio of newly-constructed dwelling units. The number of aged dwelling units was obtained by dividing the total number of dwelling units by the number of the units built-in no later than 1985, while the number of newly-constructed dwelling units referred to those built-in 2000 and after that. Next, the individual index of urban decline was comprehensively put together to calculate the multiple decline index by sector (Demography, Economic activity, and Physical environment) and the comprehensive multiple decline index. For the multiple decline index, each index’s metric unit was converted into value Z for normalization, and to reflect the relative importance of the indices considered, each index was granted a weight based on the results of the factor analysis. A weighted linear combination method was applied to present the degree of urban decline by sector or comprehensive multiple decline index (KURC, 2010).

      

    

    

  
    
      Ⅳ. Results
      
        1. Descriptive statistics
        The total number of trips in Seoul used in this study was 181,330, with missing values removed, of which 105,580 (58%) were walking trips. As for the ratio of walking trips by purpose, 76,582 (72%) were walking trips for utilitarian purposes and 28,998 (28%) for leisure purposes. The respondents’ average age to the National Household Travel Survey data was 45.16 years old, with male 49.61%, driver’s license holder 59.75%, vehicle owner 69.18%, and residents in apartment 52.35%. Regarding occupations, 30.69% were professional/ office workers, 23.72% in service/sales, 6.42% manual labor, 13.05% housewives, and 26.12% student/unemployed.

        As for the average value of the physical and environmental factors of 423 dongs in Seoul, the population density was 306.58 persons/ha, the land use mix 0.57, and the commercial FAR 172%. The number of intersections was 97.02/km2, the average land gradient 5.78%, and the road surface ratio 22%. The number of urban parks was 3.69/km2, and the number of public sports facilities was 0.56/km2. The number of bus stops was 24.05/km2 and accessibility to subway station 0.45, indicating that about half of the urbanized area appeared to locate in the primary station influence area (SIA). For the average value of the urban decline factors, the average annual population growth rate was -0.01%, the aging index 87.05%, the ratio of single elderly households 7.87%. The number of employees per 1,000 persons was 765.88, the number of employees per business 5.43, the ratio of employees in the manufacturing industry 6.12%, and the number of employees in the retail/wholesale business per 1000 persons were 255.90. The ratio of small-sized dwelling units was 73.57%, the ratio of aged dwelling units 67.75%, and the ratio of newly-built dwelling units 4.98%. Finally, the multiple decline index in the demography sector was 5.94 while that of the economic activity and physical environment sectors was 47.36 and 16.94, respectively. The comprehensive multiple decline index was 70.23.

      

      
        2. Suitability review on the hierarchical linear model
        The results of model 1~model 3 are presented in Table 4. Model 1 shows the results of walking trips, utilitarian walking trips, and leisure walking trips models only with constant terms. All three models show that the level 2 variance bears

        
          Table 4. 
				
          

          
            Results of model 1~model 3
          
          

        

        
        

        statistical significance, indicating a difference in choices for walking trips by purpose among dongs (Model 1-t, Model 1-u, Model 1-l).

        The results of Model 2 represent the individual’s socioeconomic characteristics (level 1 variable), added to Model 1. The level 2 variance decreased in all analysis models, indicating that individuals’ socioeconomic characteristics account for the difference in purpose-specific walking trip choice by dong. Also, it showed that the Alsos’ socioeconomic characteristics accounted for 20%, 1%, and 10% of the level 2 variance through PRE by analysis model. In particular, in utilitarian-purpose walking trips, the PRE was lower than that of other-purpose trips (Model 2-t, Model 2-u, Model 2-l).

        Model 3 is a model in which the neighborhood’s physical environment, one of the level 2 variables, is added to Model 2. The PRE of total walking trips was 0.0826, and that of utilitarian and leisure walking trips was 0.0498 and 0.0651, respectively, accounting for 8%, 5%, and 7% of the level 2 variance, respectively (Model 3- t, model 3-u, model 3-l).

        Models 1 to 3 show that the level 2 variance of Model 1 was statistically significant,9) and the explanatory variables of Models 2 and 3 were found to reduce the level 2 variance, indicating that it is appropriate to use the hierarchical linear model in this study. The multicollinearity tests suggest that the Variance Inflation Factor (VIF) maximum value was 5.65, which did not exceed 10, and the tolerance (1/VIF) was more significant than 0.1, confirming that there was no multicollinearity issue to be considered.

      

      
        3. Relations between the decline phenomenon and walking trips by purpose
        The results of model 4~model 6 are shown in Table 5. We the individual urban decline index, multiple decline indexes by sector, and comprehensive multiple decline index in the total walking trips model (Model 3-t) for analyses. The results showed that the level 2 variance decreased in all models, and the corresponding PRE in Models 1, 2, and 3 was 0.0550, 0.0179, and 0.0076, respectively. Concerning the relations between urban decline factors and choices in total walking trips, we found that more chose walking trips when the number of employees per 1,000 persons was large, and the ratio of employees in manufacturing and the number of wholesale and retail employees per 1,000 persons were small. In other words, when the number of employees per 1,000 persons is large, the employees are highly likely to choose walking trips due to the mobility of workers (Lee et al., 2013). Besides, when the proportion of employees in the manufacturing industry and the number of wholesale and retail sector employees per 1,000 persons were low, more people seemed to opt for walking trips. Since the ratio of employees in manufacturing and wholesale/retail sectors per 1,000 persons can translate into the region’s economic base and scale, it implies that more people tend to choose walking trips where the economic situation is relatively unfavorable. These results correspond to the results of a study showing that residents living in socio-economically disadvantaged areas are more likely to choose walking (Turrell et al., 2013) and are in line with other preceding studies reporting that the lower the household income level, the more walking trips are chosen (Lee et al., 2014; Kim et al., 2014). Next, among the comprehensive decline indices by sector, only the economic activity sector appeared to bear statistical significance, which is consistent with the results of a previous study that income is a significant factor among the socio-economic characteristics associated with walking (Sallis et al., 2009). In more detail, many chose walking trips when the comprehensive decline index in the economic activity sector was high, indicating that walking trips take place frequently where economic decline is evident. Finally, it shows that the comprehensive multiple decline indices were not statistically significant (see Model 4-t, Model 5-t, Model 6-t).

        
          Table 5. 
				
          

          
            Results of model 4~model 6
          
          

        

        
        

        Including the individual urban decline index, multiple decline index by sector, and comprehensive multiple decline index to the utilitarian walking trips model (Model 3-u), it was found that the decline phenomenon was serving as an explanatory variable for the difference in the level of choice for utilitarian walking trips by dong. PRE for individual urban decline index, multiple decline index by sector, and comprehensive multiple decline index was 0.0498, 0.0309, and 0.0251, respectively, while its effect size on the level 2 variances was 5%, 3%, and 3%, respectively. Looking at the relations between the urban decline factors and utilitarian walking trips, only the ratio of small-sized dwelling units among the individual-level index showed statistically significant results. Specifically, we found few choices for utilitarian walking trips made when the ratio of small-sized dwelling units was high. Since the ratio of small-sized dwelling units is an indicator to measure the region’s income level indirectly, a higher ratio of small-scale dwelling units means the region’s level of income should be low. Therefore, the lower the neighborhood’s income level, the smaller the number of walking trips is. Next, we found few choices made for utilitarian walking trips when the multiple decline index in the economic activity sector was high. It means that few people would opt for utilitarian walking trips when the region’s economic activities have declined. This result is contrary to a preceding study that considers utilitarian walking as an inferior good, and hence the higher the income level, the less walking for utilitarian purposes (Agrawal and Schimek 2007; Sung et al., 2015).

        On the other hand, Plaut (2005) reported that the higher the income level in densely-populated regions, the more utilitarian walking trips tended to be selected. Cerin et al. (2009) found that when controlling accessibility to destinations, more chose the utilitarian walking trips in areas with high-income levels. In particular, Seoul is a highly dense and mixed city compared to Western cities, and therefore these conflicting results can be understood as attributable to Seoul’s urban context. Lastly, we found that utilitarian-purpose walking trips were low when the comprehensive multiple decline index was high, indicating that the probability of choosing utilitarian-purpose walking trips in a declined city is low (see Model 4-u, Model 5-u, and Model 6-u).

        Regarding the relation between walking trips for leisure purposes and the decline phenomenon, the difference in level for each dong in terms of choices for leisure-purpose walking trips turned out to be explained by 14%, 9%, and 4% by the individual urban decline index, the multiple decline index by sector, and the comprehensive multiple decline index, respectively. In particular, we found that the PRE of the individual index and the by-sector multiple decline index is higher than that of the physical environment of the neighborhood, indicating that the individual urban decline index and the multiple decline index by sector were essential factors in walking trip choices for leisure purposes by dong. In the individual urban decline indices, the aging index, the number of employees per 1,000 persons, the ratio of employees in the manufacturing sector, the number of employees in the wholesale and retail business per 1,000 persons, and the ratio of small-sized dwelling units are statistically significant variables. In detail, we found that walking trips for leisure purposes were high when the aging index was high; this is probably because, for the elderly, most leisure activities occur on foot within their neighborhood (Kim, 2012). Meanwhile, more chose leisure-purpose walking trips if the number of employees per 1,000 persons was significant, which indicates that more tend to opt for walking trips for leisure when the mobility of employees within the region is more significant. Also, the higher the ratio of employees in the manufacturing sector and the number of employees in the wholesale and retail business per 1,000 persons and the lower the ratio of small-sized dwelling units, the lower the likelihood of choosing walking trips for leisure purposes. Since the ratio of employees in manufacturing, the number of employees in the wholesale and retail business per 1,000 persons, as well as the ratio of small-sized dwelling units, show the income level of the neighborhood, the lower the income level of the neighborhood is, the higher leisure-purpose walking trips occur. These results are contrary to a study that considered leisure-purpose walking like a normal good, reporting that the higher the income level, the more leisure walking trips were made (Agrawal and Schimek 2007). However, one study that analyzed leisure walking trips in Seoul showed that in the case of “non-producers” such as housewives, the unemployed, and students, leisure activities were done within the range of their living area around their place of residence (Lee and Choi, 2020).

        Furthermore, in Korea, the higher the income level, the more physical activity tends to occur in indoor facilities such as fitness centers or yoga training centers rather than in the form of walking (Ministry of Culture, Sports and Tourism, 2014). Therefore, these conflicting results appear to be attributable to the cultural differences of each nation. The higher the multiple decline indexes in the economic activities sector, the more walking trips for leisure purposes occur. It implies that leisure-purpose walking trips are relatively prevalent in a city with poor economic activities. Lastly, we found that leisure-purpose walking trips were also high when the comprehensive multiple decline index was high, indicating that the probability of choosing leisure-purpose walking trips in a declined city is high (see Model 4-I, Model 5-I, and Model 6-I).

      

    

    

  
    
      Ⅴ. Conclusion
      Jane Jacobs (1961), taking note of the phenomenon of decline in 1961, defined the innate feature of slums as a “lack of lively urban life” and proposed to create lively streets where people can fully and safely enjoy walking as a basis for tackling slums. It may not be coincidental that after about 60 years have passed, walking is emerging as a solution to our cities’ problem again after going through rapid industrialization and urbanization. If Korea’s urban decline refers to the state of a city with no vitality or is losing it, walking is the most potent means of injecting vitality to the city and evaluating the level of its vitality. Promoting walking activities is regarded as a critical strategy in urban regeneration policies to solve the urban decline issue. In line with this, pedestrian projects have actively promoted revitalizing walking within the city since enacting the Special Act on the Promotion and Support of Urban Regeneration in 2013. However, the urban decline in Korea has been worsening over time, leaving us with room for thought on whether the complex interactions between the social/spatial factors and the decline problem have accelerated a vicious downward cycle in our society. Against this backdrop, this study has analyzed the relations between the purpose-specific walking trips and individual urban decline index, multiple decline index by sector, and comprehensive multiple decline index on 181,330 walking trips surveyed in 423 dongs in Seoul to understand the correlation between the decline phenomenon and people’s choices for walking trips.

      The results can be summarized as follows:

      First, we found that the decline phenomenon accounted for the difference in the choices of walking trips by purpose among the subject dongs, even after controlling the socio-economic characteristics of individuals and the neighborhood’s physical environment. Such results indicate that urban decline and walking trip choices are correlated. Regarding the relation between decline and walking trip choices, different relations were observed by the declining sector and walking purpose.

      Second, it was found in the comprehensive walking trips analysis model that the number of employee per 1,000 persons, the ratio of employees in the manufacturing sector, the number of employees in the wholesale and retail business per 1,000 persons, and the multiple decline index in economic activities sector were relevant factors in walking trip choices. Nevertheless, the ratio of employees in the manufacturing sector, the number of employees in the wholesale and retail business per 1,000 persons, and the multiple decline indexes in the economic activities sector, excluding the number of employees per 1,000 persons, showed conflicting results preceding studies. Therefore, neglecting these aspects in understanding the relationship between decline and walking trips may lead to unreasonable observations.

      Third, different purposes for walking showed different results in urban decline factors related to walking trip choices. While few chose utilitarian walking trips in a declined city, more tended to opt for walking trips for leisure purposes. The results corresponded to previous studies (Lee et al. 2013, Lee and Choi, 2020), indicating that employees’ mobility contracted when socio-economic factors became worse and that most of the leisure activities occurred within the range of one’s living area. Nonetheless, we need additional empirical studies on this aspect to understand this aspect clearly. We also found that walking trips for leisure purposes were still brisk in a declining city. Unlike in the West, Korean cities, including Seoul, maintain a somewhat healthy social environment for pedestrian safety, despite the urban decline problem (Kim, 2010).

      Fourth, the economic activities sector was most closely related to walking trips among the declining sector. It means the income level serves as a crucial factor in choices for purpose-specific walking trips. It is consistent with the results of a previous study that reported that income is a significant factor among walking’s socio-economic characteristics (Sallis et al., 2009).

      Fifth, the effect size of the explanatory variables on the neighborhood level variance was measured using PRE. Regarding the walking trips for utilitarian purposes, the PRE of the individual’s socio-economic characteristic was 0.0131, which was lower than PRE 0.1005 for leisurely walking trips. The walking trips for utilitarian purposes are not a choice but an essential activity, indicating that individuals’ socio-economic characteristics appear to be less affected by the neighborhood. In walking for leisure purposes, the PRE of the individual urban decline index was 0.1435, accounting for the neighborhood level’s variance by 14%. This value is higher than that of the neighborhood’s physical environment, indicating that the individual urban decline indices can explain the variance of neighborhood-level in terms of the choices of walking trips for leisure purposes.

      Based on the results of this study, the following implications can be drawn:

      It is necessary to reflect the decline in demography and economic activities sectors when establishing urban regeneration plans or improving the pedestrian environment through urban regeneration projects. We need to consider the purposes of walking should as well, and since the leisure activities in a declined city tend to take place within the neighborhood around one’s place of residence, thorough planning and strategies on leisure purpose walking should be established.

      This study is meaningful because it has empirically identified the relationship between the decline phenomenon and walking trips for different purposes, which has not been dealt with in the preceding domestic studies. Nevertheless, it still has some limitations, which require proper follow-up studies in the future. First, this study was a cross-sectional study, and no analysis was conducted on a before-and-after comparison. Therefore, we hope that a study in which the changes in urban decline phenomenon and walking trips before and after the urban regeneration projects are measured will follow so that the causality between the two variables can be adequately analyzed. Second, as for interpreting the effect sizes of explanatory variables for walking trip choices for different purposes into PRE values, the relevant empirical studies carried out thus far were still insufficient, making it hard to build a respectable theory out of it. Therefore, more empirical studies using PRE should be conducted as well. Finally, it is difficult to generalize this study’s results, the spatial subject of Seoul and its administrative districts (“dong”), since the declining level may differ, depending on the type of city. Therefore, we hope that more studies will be conducted on diverse types of cities in the future.
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      Notes
      
        Note 1. In general, the purpose of walking is divided into utilitarian walking (a means of transport), and leisure walking (the purpose of which is leisure activity or walking itself). However, the specific classification criteria and definitions may differ, depending on the researcher, because the boundary between leisure and other activities is not clear. In this study, the utilitarian purpose and leisure purpose were classified by referring to Lee and Choi (2018).
      

      
        Note 2. PRE shows how much variance was explained by the explanatory variable added at each measurement level. In addition, PRE has the same concept as the Interclass Correlation Coefficient (ICC), and is similar to the explanatory variance in the OLS regression model (Baek, 2018).
      

      
        Note 3. Decline is not unilateral and biased but a complex and relative concept, so the concept of multiple decline was introduced to measure the degree of decline (KURC, 2010).
      

      
        Note 4. In the random-intercept logit model, only the intercept is considered to be random. Therefore, the interpretations of the fixed effect of the intra-group models and the estimated values of the regression coefficient can be done in the same way as the logistic regression analysis (Kwak, 2003).
      

      
        Note 5. Since the data of the National Household Travel Survey are classified as “trips by mode” and “trips by purpose”, it is necessary to abbreviate the data and modify the values of some items to suit the purpose of the study (Kim et al, 2014). In order to measure the trips that took place within a dong where one’s place of resident is located, this study was conducted only on the trips that were made by those residing in Seoul and that the address of one’s residence and that of his/her origin or destination are the same, and the returning home or workplace trips, which may be redundant with other purpose walking trips, were excluded as well. In addition, to analyze the walking trips for all purposes within the applicable dong, this study only used a portion of walking trips made by the same person.
      

      
        Note 6. The measurement of urban decline by KURC (2010) was developed through a study titled “Establishment of urban decline status data and comprehensive information system” conducted as part of the Ministry of Land, Infrastructure and Transport (MOLIT) Urban Regeneration R&D project. It is used as a quantitative indicator of decline measurements in the Urban Regeneration Strategy and Planning Guidelines by MOLIT (2014). For this reason, we found that it would be convenient to utilize the results of this study in policy-making process if we used the KURC measurement of urban decline in this study.
      

      
        Note 7. In general, leisure walking refers to walking with the purpose of leisure activity or walking itself. Due to a lack of data, however, in this study, leisure walking means walking as a means of transportation for leisure activities, according to the purpose of trip classified in the National Household Travel Survey.
      

      
        Note 8. In theory, the entropy index has a value between 0 and 1; if the target area to be measured is composed of a single purpose, the entropy value is 0, and if the target area has all types of uses mixed in equal proportions, the value becomes 1 (Rhim, 2006).
      

      
        Note 9. The statistical significance of the 2nd level variance of the basic model can be a criterion in verifying the appropriateness of constructing a hierarchical linear model (Ko, 2014).
      

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Agrawal, A.W. and Schimek, P., 2007. “Extent and Correlates of Walking in the USA”, Transportation Research Part D: Transport and Environment, 12(8): 548-563.
			[https://doi.org/10.1016/j.trd.2007.07.005]
		
        

        
          	
            
              2. 
            
          
          	Baek, Y.M., 2018. Hierarchical Linear Model Using R, Seoul: Hannarae Publishing Co.
백영민, 2018. 「R을 이용한 다층모형」, 서울: 한나래출판사.
        

        
          	
            
              3. 
            
          
          	Cerin, E., Leslie, E., and Owen, N., 2009. “Explaining Socio-Economic Status Differences in Walking for Transport: An Ecological Analysis of Individual, Social and Environmental Factors”, Social Science and Medicine, 68(6): 1013-1020.
			[https://doi.org/10.1016/j.socscimed.2009.01.008]
		
        

        
          	
            
              4. 
            
          
          	Chae, H.W., 2013. “Exploring Urban Spatial Patterns in Seoul: Using Synthetic Deprivation Index by AHP”, Journal of the Association of Korean Geographers, 2(2): 147-163.
					[
					https://doi.org/10.25202/JAKG.2.2.3
					]
				
채희원, 2013. “AHP기법을 활용한 서울시 내부의 종합쇠퇴지수 산출 및 도시쇠퇴 공간패턴 탐색”, 「한국지리학회지」, 2(2): 147-163.
        

        
          	
            
              5. 
            
          
          	Choi, C,G., Seong, H.G., Lee, S.G., Kim, T.H., Go, J.H., and Won, B.W., 2013. “Developing Walking Activity for Sustainable City”, Urban Information Service. April Issue: 3-22.
최창규·성현곤·이수기·김태현·고준호·원보환, 2013. “지속가능한 도시를 위한 보행활동 증진방안”, 「도시정보」, 4월호: 3-22.
        

        
          	
            
              6. 
            
          
          	Jane, Jacobs, 2010. The Death and Life of Great American City, Translated by Yoo K.E., Seoul: Greenbee.
Jane, Jacobs, 2010. 「미국 대도시의 죽음과 삶」, 유강은 역, 서울: 그린비.
        

        
          	
            
              7. 
            
          
          	Jeon, J.H. and Park, J.A., 2020. “Moderating Effect of Pedestrian Environment on neighborhood Satisfaction–Focused on the ‘Seoul Housing Survey’ 2017”, Journal of Korea Planning Association, 55(3): 29-42.
					[
					https://doi.org/10.17208/jkpa.2020.06.55.3.29
					]
				
전준형·박진아, 2020. “보행환경이 근린환경 만족도에 미치는 조절효과 분석–서울시 주거실태조사 2017 자료를 중심으로”, 「국토계획」, 55(3): 29-42.
        

        
          	
            
              8. 
            
          
          	Jo, J.H., Lee, Y.S., Jung, H.Y., and Kwak, T.W., 2014. “Does a Health of People Living in Declined Regions also Decline?”, Journal of Korea Planning Association, 49(6): 109-125.
					[
					https://doi.org/10.17208/jkpa.2014.10.49.6.109
					]
				
조준혁·이영성·정해영·곽태우, 2014. “쇠퇴한 지역에 사는 사람들은 건강도 쇠퇴할까?” 「국토계획」, 49(6): 109-125.
        

        
          	
            
              9. 
            
          
          	Kang, C.D., 2013. “Measuring Walkability Index and Its Policy Implications in Seoul, Korea”, Seoul Studies, 14(4): 1-25.
강창덕, 2013. “서울시 보행 편의성 지수 측정과 정책과제”, 「서울도시연구」, 14(4): 1-25.
        

        
          	
            
              10. 
            
          
          	Kim, H.C., Ahn, K.H., and Kwon, Y.S., 2014. “The Effects of Residential Environmental Factors on Personal Walking Probability-Focused on Seoul”, Journal of The Urban Design Institute of Korea, 15(3): 5-18.
김희철·안건혁·권영상, 2014. “개인의 보행확률에 영향을 미치는 거주지 환경요인–서울시 행정동을 대상으로”, 「한국도시설계학회지」, 15(3): 5-18.
        

        
          	
            
              11. 
            
          
          	Kim, K.J., 2010. “Causes and Consequences of Urban Decline in Korean Cities”, Journal of the Korean Urban Geographical Society, 13(2): 43-58.
김광중, 2010. “한국 도시쇠퇴의 원인과 특성”, 「한국도시지리학회지」, 13(2): 43-58.
        

        
          	
            
              12. 
            
          
          	Kim, Y.J., 2012. “Analysis on the Elderly’s Catchment Area of Neighborhood Facilities”, Journal of the Architectural Institute of Korea Planning & Design, 28(5): 215-222.
김용진, 2012. “노인의 주요 근린시설별 이용권 도출에 관한 연구”, 「대한건축학회논문집 계획계」, 28(5): 215-222.
        

        
          	
            
              13. 
            
          
          	Ko, E.J., 2014. “Effect of Neighborhood Environments on Social Diversity and Residents’ Social Capital: A Case Study of Seoul”, Ph.D. Dissertation, Seoul National University.
고은정, 2014. “근린환경이 사회적 다양성과 동네 사회자본 형성에 미치는 영향–서울시를 대상으로”, 서울대학교 대학원 박사학위 논문.
        

        
          	
            
              14. 
            
          
          	Korea Research Institute for Human Settlements, 2019. “Korea Decline Area”, The Korea Spatial, July Issue: 113.
국토연구원, 2019. “전국 쇠퇴지역 현황”, 「국토」, 7월호: 113.
        

        
          	
            
              15. 
            
          
          	Korea Urban Renaissance Center, 2010. Development of Urban Decline and Potential Index, Gyeonggi.
도시재생사업단, 2010. 「도시쇠퇴 및 잠재력 진단지표 개발」, 경기.
        

        
          	
            
              16. 
            
          
          	Kwak, H.K., 2003. “A study Influential Factors on Neighborhood-related Social Capital”, Korea Society and Public Administration, 14(4): 259-285.
곽현근, 2003. “동네관련 사회자본의 영향요인에 관한 연구”, 「한국사회와 행정연구」, 14(4): 259-285.
        

        
          	
            
              17. 
            
          
          	Lee, H.Y. and No, S.C., 2013. Advanced Statistical Analysis Theory and Practice 2nd Edition, Gyeonggi: Moonwoosa.
이희연·노승철, 2013. 「고급통계분석론 이론과 실습 제2판」, 경기: 문우사.
        

        
          	
            
              18. 
            
          
          	Lee, H.Y., Shim, J.H., and No, S.C., 2010. “The Features of the Intra-urban Decline and Its Spatial Pattern in Korean Cities”, Journal of the Korean Urban Geographical Society, 13(2): 13-26.
이희연·심재헌,노승철, 2010. “도시 내부의 쇠퇴실태와 공간패턴”. 「한국도시지리학회지」, 13(2): 13-26.
        

        
          	
            
              19. 
            
          
          	Lee, J.S. and Choi, H.M., 2018. “Comparison of Utilitarian and Recreational Walking of 423 Administrative District in Seoul-Rethinking Walkability as a Critical Factor for Urban Regeneration”, Journal of The Korean Urban Management Association, 31(1): 41-62.
					[
					https://doi.org/10.36700/KRUMA.2018.03.31.1.41
					]
				
이종선·최혜민, 2018. “서울시 근린환경과 목적별 보행 비교연구-도시재생을 위한 보행의 함의에 대한 고찰”, 「도시행정학보」, 31(1): 41-62.
        

        
          	
            
              20. 
            
          
          	Lee, K.H. and Ahn, K.H., 2007. “The Correlation between Neighborhood Characteristics and Walking of Residents-A Case study of 40 Areas in Seoul”, Journal of Korea Planning Association, 42(6): 105-118.
이경환·안건혁, 2007. “커뮤니티의 물리적 환경이 지역 주민의 보행 시간에 미치는 영향–서울시 40개 행정동을 대상으로”, 「국토계획」, 42(6): 105-118.
        

        
          	
            
              21. 
            
          
          	Lee, K.H., Kim, T.H., Lee, W.M., and Kim, E.J., 2014. “A Study on Effects of Neighborhood’s Environments on Residents’ Walking Trips Using Household Travel Diary Survey Data in Seoul”, Seoul Studies, 15(3): 95-109.
이경환·김태환·이우민·김은정 2014. “가구통행실태조사 자료를 이용한 근린환경과 보행통행의 상관관계 연구”, 「서울도시연구」, 15(3): 95-109.
        

        
          	
            
              22. 
            
          
          	Lee, N.H. and Choi, C.G., 2020. “A Study on the Influence Factors of Weekday Leisure Travel”, Journal of Korea Planning Association, 55(2): 91-100.
					[
					https://doi.org/10.17208/jkpa.2020.04.55.2.91
					]
				
이남휘·최창규, 2020. “유형별 주중 여가통행의 영향요인에 관한 연구”, 「국토계획」, 55(2): 91-100.
        

        
          	
            
              23. 
            
          
          	Lee, S.H. and Jung, S.M., 2019. Effects of “Walking City, Seoul” Policy and Directions for Future Researches, Seoul: Seoul Development Institute.
이신해·정상미, 2019. 「‘걷는 도시, 서울’ 정책효과와 향후 정책방향」, 서울: 서울연구원.
        

        
          	
            
              24. 
            
          
          	Lee, Y.S., Choo, S.H., and Kang, J.M., 2013. “Analysing Key Factors to Affect Change of Pedestrian Volumes by Neighborhood Units in Seoul”, Journal of Korea Planning Association, 48(5): 197-208.
이연수·추상호·강준모, 2013. “서울시 생활권별 보행량 변화에 미치는 요인 분석”, 「국토계획」, 48(5): 197-208.
        

        
          	
            
              25. 
            
          
          	Ministry of Culture, Sports and Tourism, 2014. Long-Range Plan on Balancing Location of Public Sport Facilities, Seoul.
문화체육관광부, 2014. 「공공체육시설 균형배치 중장기계획」, 서울.
        

        
          	
            
              26. 
            
          
          	Park, N.Y. and Park, B.H., 2017. “Regional Traffic Accident Model of Elderly Drivers based on Urban Decline Index”, Journal of the Korean Society of Safety, 32(6): 137-142.
박나영·박병호, 2017. “도시쇠퇴 지표를 적용한 지역별 고령운전자 교통사고 영향 분석”, 「한국안전학회지」, 32(6): 137-142.
        

        
          	
            
              27. 
            
          
          	Plaut, P.O., 2005. “Non-motorized Commuting in the US”, Transportation Research Part D: Transport and Environment, 10(5): 347-356.
			[https://doi.org/10.1016/j.trd.2005.04.002]
		
        

        
          	
            
              28. 
            
          
          	Rhim, J.H., 2006. “The Land Use Characteristics of Rail Transit Station Area Influencing Transit Demand: A Case Study of Seoul”, Ph.D. Dissertation, Seoul National University.
임주호, 2006. “도시철도 이용수요에 영향을 미치는 역세권 토지이용특성: 서울시 사례연구”, 서울대학교 대학원 박사학위논문.
        

        
          	
            
              29. 
            
          
          	Sa, K.E. and Lee, S.G., 2018. “An Analysis of Neighborhood’s Environmental Factors Affecting Residents’ Daily Walking and Exercise Walking”, Journal of The Urban Design Institute of Korea, 19(3): 71-90.
					[
					https://doi.org/10.38195/judik.2018.06.19.3.71
					]
				
사경은·이수기, 2018. “주거지 기반 근린환경 특성이 일상생활 보행과 운동목적 보행에 미치는 영향 분석–2013 서울시민 신체활동 조사 자료를 중심으로”, 「한국도시설계학회지」, 19(3): 71-90.
        

        
          	
            
              30. 
            
          
          	Sallis, J.F., Saelens, B.E., Frank, L.D., Conway, T.L., Slymen, D.J., Cain, K.L., Chapman, J.L., and Kerr, J., 2009. “Neighborhood Built Environment and Income: Examining Multiple Health Outcomes”, Social Science and Medicine, 68(7): 1285-1293.
			[https://doi.org/10.1016/j.socscimed.2009.01.017]
		
        

        
          	
            
              31. 
            
          
          	Sung, H.G., Lee, M.H., and Seong, T.Y., 2015. “Difference in the Determinants Factors of Walking Activity as the Purposes of Recreation and Travel”, Journal of Korea Planning Association, 50(5): 73-86.
					[
					https://doi.org/10.17208/jkpa.2015.08.50.5.73
					]
				
성현곤·이만형·성태영, 2015. “여가와 통행 목적으로서의 보행활동 결정요인의 차이–개인 및 가구수준 특성을 중심으로”, 「국토계획」, 50(5): 73-86.
        

        
          	
            
              32. 
            
          
          	Turrell, G., Haynes, M., Wilson, LA., and Giles-Corti, B., 2013. “Can the Built Environment Reduce Health Inequalities? A Study of Neighbourhood Socioeconomic Disadvantage and Walking for Transport”, Health and Place, 19: 89-98.
			[https://doi.org/10.1016/j.healthplace.2012.10.008]
		
        

      

    

    

  OEBPS/images/big_56_2.jpg
Journal of

=> Korea Planning Association

hor “56 =2 255 mnex A aper gaoanen





OEBPS/images/data/kpa/29166/JKPA_2021_v56n2_5_t002.jpg
Aspects

Measurement

Demographic  Annual population growth rate; aging index;
profile % of single household elderly
Employed per 1,000 persons; employment
per business establishment; % manufacturing
Economic g
activity employment; employed in retail and
wholesales per 1,000 persons; % small
dwelling units
Physical % aged dwelling units; % dwelling units, newly
conditions constructed

Korea Urban Renaissance Center, 2010





OEBPS/images/data/kpa/29166/JKPA_2021_v56n2_5_t004.jpg
Walking,total Walking, utiitarian Walking, leisure.
Model 1t Model 2t Model 3t Model 1-u Model 2-u Model 3-u Model 1/ Model 2/ Model 3-1

First level-Individual
Socioeconomic status
Age 0000200002 -00316™ 00315 00515 00515
Male 02291 022047 01439 014407 02411 02416
income -00138" 00141 00569+ 00570 -00719™ 00726
Driver's icense -03579" 03580 04981 04982 03514 03515™
Car ownership 02609 02505™* -01196™ 01104 02504 02485
Housing type- s o —
% 00934 0,008 003847 00416 02050 01953
Ocoupatianofice 06018 -0.6021*+* 05600 05599*** 28762 28766
Cecupaiion-saies/ 04036 04044 09825"* 09822 20502 29600"
Occupation-aborer 055017 05499 108767 10872 32510 325017
Occupationhousewife 01165™ 01160™ 32051 32062 12041 12935
‘Second level-Neighborhood
Land use measures
Pop. density 00002 00002* 00002
Land use mix 02028% 01610* 02357
FAR, commercial 00273% 00219* 00133
Urban form
Intersections per km? 00000 -00005™ 00010%*
Land gradient. % 00052 00018 00102*
Road surface, % 00208 00043 00282
Accessibility
Parks per km? 00026 00024 00173
s lackisa pe: 00075 00128 00095
Bus stops per km* 00002 00005 00009
‘Subway stations.
iy 00995 00659 01306
Intercept 03350 12007 12080"* 03196 -02143™ 02127 17261 09171 _ 09250
Neighborhoodlevel  godes 00371 0030 00535 0058 0052 0220 01997 01886
Froboftons; Redction 02001 00826 00131 004%8 01005 00651
N 181330

*p<01,%p<005,#p<001





OEBPS/images/data/kpa/29166/JKPA_2021_v56n2_5_t001.jpg
Equations

Model 1 y; =a+z,

i

i
Model2 ¥, =a+z,+Y B'S;
&=

i =
Model3 y,=a+z,+> B*Si+> "N,
= =

! n n
Modeld y;=a+z;+3 B*S;+> y'Ns+3(*Dyj*
= = =

7 P =
Model§ y, =a+z,+3 B*S;+ X y"N;+3.("D, )"
= = =

F n n
Model6 ¥y =a+z,+3 B*S;+3 y'N;+3(°D,j°
= = =

¥y Possibility for an individual 7in zone to generate a walk trip
;- Socioeconomic status of the individual 7 in zone

N} Neighborhood environments of zone,

D Urban decline measures

D Comprehensive decline index by demography, econornic
activity, and physical environment

D;,; Comprehensive dediine index
a:Intercept, z,- error term






OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/kpa/29166/JKPA_2021_v56n2_5_t005.jpg
00316 Qo™ owE

00515 D0mIE™ 0oETE™

D o1 010

2018 02ke Q20

00577 0087 00T

o071 90Tz Qo

046 04sa 042

03 0%z 03

3 000200002 00002
e oz 0z oz
ncome D0 o0 9o
Orversiomse 0377 03576~ 03675
Coromechp ___0zsar 0280 02585

o125 o12ie onee

020%™ 0200 02T

00860 00852 00905+

00452 90us™ D0MIE

01913 01906+ 919417

05602 0601 0589

287707 25767 287607

Housngpe.

Apormert

Occupation-fce = -
06023 0022 0602

CcxupatonsaRs g 0 51 0 doke

09857 083 09822

20640 296307 29600

Ocupationiaborer 05514 05613 0804

090 0098 1 0aTZ

32500 32808 32810

Cemupatonhausene 011S0 D118 0TIEe

S20k0 3200 32052

20 12936 12530

‘SecondeveNeghborhood.
Land use messues

Pop sty 00003 00003 00002 0000300003 00003~ 00004 00004 00000
Gndusemac 02672 01oi6™ 02115 02066~ 01447 01289 02432 02199 03008

FAR commercal 002170024z 00265

o025 0w oo

00700025 _ooars

Ubn o

ntersecionsperk? 0000090000 00500

o005 0000800008

o0 D00 000

Lndgaden. s 00040 0000 00045~

oo0se_o00n o002

o021 _oouss oo

Roxdsufaces 007300247 00200

000620005 _o00m

oo _o0ws 90227

Accesiviy

Paksperkt 0001700007 00021

00005 0000600008

o0 oo a0

SIS o ook oo

oo ooi0s oo

000%  ooazr 00063

Bussiopsperk 00003 0000300003

o000 0wz ooz

G000 _aons _oooia

Sbwaysiaions  pogz oo 01019

oo oss oosts

ooss oo e

rery
o g G o o
Torgnan_ooom "o oo

Rato singe s o057 00048 oos7

g 000 ) oo

g vacsn 000 oo oo

MnEmv:'q 00035 00006 oons
[T

ek oo oo o

i g oz oasr

e T oo owon oaon

e - ooy oo oo

oy

ey wom Ty oo
Eomoricaaty oo “sore oo
ki omos oo oo

]

o ) S o
st VS a0 a0 G O 005 0w G 0w

Nehborhoodiew! ooz ooas ooz

007 oo onies

o1 o1 owEr

PropononsRedien o0eco oovs oaars

oose 0009 oot

o1 oo ooes

w

[

Peo OB aa





OEBPS/images/data/kpa/29166/JKPA_2021_v56n2_5_t003.jpg
™ Tossso s -
Wik No. 75750 a778 - e
- Ve T mm
Sotibln Tripbymode  Utiitarian walking No oarss  sT76T
= 2 e
0 Vs waon
o e oo o000 _Toim
o, o o T
o s
Vi
31tz
- szaman w9 1 10 a0
et
ettt
P I S
o o domE -
— o Ve I T
T M o~
pr— T R
s 0 -
Orcevotr T
Sokisenis C T
ocopsion o Y TR
=0 e o -
Student/unemployed® 47362 26119 - -
‘Population density (op per ha) 306560 111900 7700 588360
T 50010 e _ose
oo 1720 oo —oom a0
Intersections per km* 97020 72860 0000 427850
Ui gt S0 s o0 w0
Tosdsutoces o o0 oo see
“The number of parks per km® 3600 28400000 16070
“The number of sports faciities per k' 0560 1140 0000 9040
Acoessibity e number of bus siops per ki 2400 131501000 91400
Coombi e il )
T e w0 oow ome om0
m‘;m ‘Aging index 87050 34160 24070 313330
ol sngk vl By Te0 3w 00 w0
Employees per 1,000 persons. 765880 2424260 50370 32879110
Urban decine  Employees per business establishment 5430 3120 1820 19760
b s ‘Ratio of employees in manufacturing 6120 6900 0050 49320
gy e 1000 eliiese 25900 709820 8380506140
! dvslog s sabied oo im0 osk 1m0
ool dnling . o8 w770 e o000 1m0
Ratio of dweling units, newly-completed 4980 5030 0000 66670
Demography 5940 2550 1000 22720
Compreershe “coonaic oty [ T
Py evbormet Yoo 210 1o 21w
Pl — [T —
o

MIGH | il oren Vs
AR commercl Flor rs of commercal buldigs- sze
g index (Poudaton, 29865 o cder-Poputtion aged 14t younger<100





