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Abstract

:

This study integrated a focus on geographical, physical, and commercial characteristics to explore the commercial gentrification phenomenon and its related statistical summaries in the area of Garosu-gil in Seoul’s Sinsa-dong ward. In particular, this study first collected parcel and building data and corresponding attribute information and mapped the resulting datasets in a geographic information system (GIS) environment. We then examined gentrification issues per building and conducted statistical analyses to investigate spatial patterns of commercial gentrification, which were used to develop criteria for determining degrees of gentrification. Third, this study conducted correlation and regression analyses to quantify the strength of the linear relationship between pairs of variables associated with primary factors contributing to commercial gentrification, and used a geographically weighted regression model (GWR) to help understand and predict spatial relationships between significant variables. The results showed positive correlations between several variables and commercial gentrification in the study area, namely neighborhood-convenience facilities, building ages, store rents, new franchise and restaurant businesses, distance to subways, and the presence of multiple roads. Based on its finding, there are key contributions of this study as follows. The first significant contribution of this study is developing measurement of gentrification levels that can be used by policy makers at each of four stages of the gentrification process. Furthermore, this paper develops a comprehensive approach for spatially identifying gentrifying neighborhoods across multiple time periods in 2- and 3-dimensions. It eventually helps urban planners implement preventative or supportive programs to protect lower-income residents and small businesses and thereby engender more sustainable community development.
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1. Introduction


1.1. Background


The term ‘gentrification’ was first coined by urban sociologist Ruth Glass in 1964 to refer to changes in social structure and housing markets observed in London’s inner city as lower-income residents were pushed out during the formation of upper-class neighborhoods [1]. Gentrification is generally defined as the displacement or replacement of lower-income households by those of upper-income households [1,2,3]. As affluent people (i.e., higher-income newcomers) move to community areas for business and residency purposes, lower- and middle-income groups can no longer afford to live there, thus leading to population migration. Gentrification is an inevitable social phenomenon because people who run businesses naturally seek to increase their profits [4,5,6]. The gentrification process in Seoul has resulted in significant commercialization in the area of Garosu-gil in the city’s Sinsa-dong ward [7,8,9], an area now referred to as ‘Europe in Seoul’ known for its upscale boutiques, bars, galleries, restaurants, cafes, and shops [10]. Artist-residents who initially joined a community area provide new middle classes, but gentrification appears in multiple places in the area of interest. As commonly occurs, the gentrification process in Sinsa-dong began with influxes of culture artists and small businesspersons, who were attracted to the area due to low rents [8]. However, as the district has become more popular and received more attention in the broadcast media and on social networking sites, its shops have attracted increasingly large numbers of tourists and customers, and its floating population has grown dramatically. As large companies have invested greater capital into the area, the business district has greatly expanded, and rental and goods values have significantly increased to levels beyond the reach of existing residents, culture artists, and small businesspersons. Accordingly, this process has pushed the native residents out of the community area, and its traditional regional characteristics have rapidly diminished.



Although a number of gentrification studies have been conducted over the years, it is often challenging to collect reliable datasets, particularly visualized datasets, which can be used by policymakers to implement preventative or supportive programs. Furthermore, it is difficult to analyze gentrification processes or issues at fine spatial scales, such as parcels or building units, because doing so requires a great deal of time and cost. In addition, even when gentrification issues are understood by urban policymakers, it is less easy to standardize their degrees of importance. However, standardized and quantified criteria are needed to assist gentrified community areas in providing proper services and supports so as to engender a more sustainable process. To address these issues, this research analyzed spatial patterns of commercial gentrification in Garosu-gil. Specifically, the study integrated a focus on geographical, physical, and commercial characteristics to explore the commercial gentrification phenomenon and its related statistical summaries.




1.2. Related Studies


Although gentrification is generally a spatial and social practice that transforms a working-class area into one of middle-class residential or commercial use [11], this process has taken on a variety of definitions over the last five decades [12]. More recently, commercial gentrification, which refers to displacements in the commercial environment of gentrifying community areas, has become a prevalent issue in major cities worldwide. As described by Zukin, the local cultural economy initiates regeneration strategies in commercialized urban spaces, which stimulates consumer spending and brings increased wealth and associated positive benefits to these areas as vibrant communities, shopping zones, and other attractions expand and generate large floating populations, such as tourists [11,12,13,14]. However, the regeneration of these commercialized urban spaces also results in increased property values, the displacement of people and capital, and an accelerated gentrification process, which are considered as negative outcomes [15]. Thus, although commercial gentrification is driven by local communities, the resulting displacement of neighborhood businesses leads to drastic physical, social, and economic changes [8,12], which at first have positive results in terms of the increase of floating populations and new demands [8]; however, as the process continues, the increased commercial amenities lead to increased property values and higher prices for goods and services as the neighborhood adapts to an influx of higher-income residents and larger companies [16,17,18].



Numerous studies applying various research approaches have been conducted at various locations and spatial scales to understand gentrification issues. In the late 1970s, most research was focused on quantifying the magnitude of gentrification in order to determine the significance of the phenomenon [19]. For example, a major study focused on ‘market generated displacement’ associated with the rapid revitalization of San Francisco’s Hayes Valley neighborhood [20]. Later studies used traditional statistics from survey data to estimate displacement rates associated with urban revitalization and thereby achieve a more in-depth understanding of the negative impacts of gentrification [21,22,23,24,25,26]. In recent years, researchers have used geographic information system (GIS) environment and computational models to simulate aspects of neighborhood change accruing from gentrification [27]. For example, Parker and Pascual created a ‘living neighborhood map’ using GIS as a means to visualize how San Francisco’s working-class districts transformed into middle-class neighborhoods [28], and Chapple used a similar approach to visualize changes in residential demographics in the Lake Merritt Neighborhood, Oakland, CA [29]. Chipman used an interactive mapping tool to visualize descriptive statistics related to injury and sociodemographic risk factors to inform public health policymaking [30]. Greene also introduced GIS applications for gentrification research [31]. In Seoul, Kwon used GIS mapping to visualize the distribution pattern of gentrification in Gyeongui Line Forest Park [32]. Maantay and Hong used census block group proximity and hot spot analyses to identify environmental gentrification based on proximity to community gardens in Brooklyn, New York [9,33].



A number of studies have used agent-based computational models, which integrate land use in GIS environment and other factors associated with gentrification to simulate residential segregation patterns in gentrifying areas [34,35,36,37]. For example, Jackson, Forest, and Sengupta used this approach to analyze rent change and associated residential dynamics in Boston, whereas Torrens and Nara developed an agent-based cellular model to examine property value changes and household relocation patterns during the early stages of the gentrification process in Salt Lake City, Utah. More recently, Eckerd, Kim, and Campbell developed an agent-based modeling technique to simulate policy choices, residential patterns, and displacement related to gentrification based on real estate market data from a range of US regions [38]. Similarly, Liu and O’Sullivan applied rent gap, filtering, and household life cycle theories to simulate the spatial dynamics of gentrification patterns [39].



Among the wide range of gentrification studies, most have been conducted at the neighborhood or city scale, and relatively limited research has explicitly focused on this phenomenon at finer spatial scales, such as neighborhood parcels or building units. Moreover, even a number of gentrification studies have been conducted over the years, it is challenging to collect reliable datasets, particularly visualized datasets, which can be used by policymakers to implement preventative or supportive programs. Accordingly, it is difficult to analyze gentrification processes or issues at fine spatial scales, such as parcels or building units, because doing so requires a great deal of time and cost.



To address this gap, this research used GIS environment to visualize multiple variables associated with gentrification in three main categories: (1) ‘building types and uses’, (2) ‘transportation and roads’, and (3) ‘shopping centers’. Each category incorporated three to four variables, and a total of 11 variables were used to analyze neighborhood change dynamics in the study area. In addition, the study used a street view to investigate changes in store use. In particular, we first collected parcel and building data with attribute information and mapped the resulting datasets in a GIS environment. Second, we examined gentrification issues per building and conducted statistical analyses to investigate spatial patterns of commercial gentrification, which were used to develop criteria for determining degrees of commercial gentrification and eventually create a standard that assists gentrified areas and their residents. Third, this study conducted correlation and regression analyses to quantify the strength of the linear relationship between pairs of variables associated with primary factors contributing to commercial gentrification. In addition, this study used a geographically weighted regression (GWR) model to help understand and predict spatial relationships between significant variables. Consequently, this research aimed to develop valuable datasets and criteria to aid policymakers in providing better supports for gentrified areas and inform the planning and implementation of future national urban renewal projects.





2. Materials and Methods


2.1. Materials


2.1.1. Study Area


Seoul is the largest city in South Korea and ranked among the world’s top five urban areas based on population density [40]. According to recent sustainability assessments, the city is ranked 11th among urban areas with the highest potential for improvements with regard to green space, population density, and renewable energy [41]. However, Seoul has been struggling with rampant sprawl due to urban development, redevelopment, and regeneration, which in turn has inevitably led to gentrification. Seoul is among the most commercially gentrified areas in South Korea, and Garosu-gil, Sinsa-dong, is particularly well known for its international tourists, who are attracted to the neighborhood’s abundant boutiques, bars, galleries, restaurants, cafes, and shops.



The study area is a mix of residential and commercial areas and is accessible by subway at Sinsa station. The name ‘Garosu-gil’ refers to the gingko trees that line the main road and the sidewalks (see the right side of Figure 1).



The left image of Figure 1 shows the entire community of Sinsa-dong, which is a neighborhood in Gangnam District, and the arrow in the right image of Figure 1 indicates the center of Garosu-gil, which is the area’s main thoroughfare and the location of most of its commercial amenities. The community was originally formed by an influx of poor artists and young fashion designers and was characterized by a mix of residential and commercial areas; however, in more recent years, most of the residences have been converted for commercial use. Since the displacement of people and places, commercial amenities have been expanded to the west and east, and the community’s original identity as a culturally oriented street has significantly changed over time.




2.1.2. Developing a Schematic Diagram and Data Collection


This research proposed three main stages to explore, investigate, visualize, and predict commercial gentrification in the area of interest (Figure 2).



As illustrated in the first column of Figure 2, this research began with building a GIS database to explore gentrifying buildings and parcels and visually represent spatial pattern of shifting types and uses of businesses. The resultant outputs can be used for policy decision-making related to gentrifying areas.



Second, as depicted in the middle column of Figure 2, this study identified factors associated with commercial gentrification and analyzed related hot and cold spot trends to determine the levels (degrees) of commercial gentrification. Third (Figure 2, column 3), the study conducted Pearson’s correlation coefficient (hereafter, referred to as ‘correlation’) and regression analyses to quantify the strength of the linear relationship between paired variables associated with primary factors contributing to commercial gentrification. Finally, GWR was used to predict spatial relationships and identify geographical heterogeneities between variables associated with commercial gentrification [42]. The following sections elucidate the detailed working processes and methodologies proposed in the above schematic diagram.





2.2. Stage 1: Building Gentrification Data and Exploring Gentrifying Areas with GIS Mapping


In order to explore gentrifying areas and buildings in the commercial district, this study collected data on changes in store rent prices, total sales amounts, floating populations, franchise rates, uses (types) of businesses, closure and opening of business, duration of business operation, and length of residence from 2012 to 2017. All values were inserted as vector data in building units and parcels. Table 1 shows the components of the resulting GIS database.



This study used a road view (commonly known as street view) to depict the historical information of small business. A street view enables the investigation of changes in building appearance, surrounding objects, and types of businesses [43]. As listed in Table 1, officially assessed land prices and other detailed building information associated with commercial gentrification were incorporated into the GIS database.




2.3. Stage 2: Spatially Investigating Commercial Gentrification and Distinguishing Levels of Gentrification


In stage two, the study used four factors to investigate spatial patterns of commercial gentrification and to distinguish levels of gentrification, and data to analyze gentrifying buildings were collected from 2013 to 2017. Equation (1) was applied to identify changes in store types and thereby assess levels of gentrification according to each of the following four questions (i.e., factors):




	
Have residential uses been converted to commercial uses?



	
Have commercial amenities (e.g., cafés, restaurants, and clothing, miscellaneous, or cosmetics stores) been altered to other types or purposes?



	
Has a general business been switched to a franchise business?



	
Were closure rates of business increased?










   y    = 0.2 ×  x 1  + 0.4 ×  x 2  + 0.1 ×  x 3  + 0.3 ×  x 4   



(1)




where  y  is an independent variable that represents the gentrification level,    x 1     denotes   length   of   residence   ,    x 2    represents a change in store type/purpose,    x 3    indicates the change to a franchise business, and    x 4    denotes closure rates.



As shown in Equation (1), we temporally assigned different weights to each of the four factors. Based on the above questions, 0 denotes no change, and 1 is assigned when an alteration has occurred. The weights assigned to the variables depend on their level of importance. Accordingly,    x 2    has the highest weight because it is one of the major reasons invoking gentrification,    x 4    has the second highest weight because it indicates that the native businesspersons (i.e., artists) have left the commercial district, and    x 3    is weighted to the lowest value because the transformation to a franchise business is already considered in    x 2   . Gentrification level, ‘ y ’, is used to distinguish four levels of commercial gentrification, such that level 1 ranges from 0 to 0.25, level 2 from 0.251 to 0.5, level 3 from 0.51 to 0.75, and level 4 from 0.751 to 1.



As introduced above, the weights of independent variables were temporally determined. However, such weighting is supported by the gentrification literature that focuses on commercial neighbor change. Chapple and Sullivan stated alteration of business types are considered as primary indicators [15,16,17]. It means commercial amenities play key roles in invoking gentrification. In addition to that, this phenomenon finally results in increasing business closing rates. Accordingly, it is considered as second highest weight in this study. Glass also mentioned that as transformation of native working classes goes on, the social and economic character of the district is changed [1]. It means that changes in social and economic characters are related to the alternation from residential uses to commercial uses. For the reasons, we assigned more weight to the length of residence than the change to a franchise business.




2.4. Stage 3: Defining Primary Factors of Gentrification and Its Prediction


In stage three, correlation and regression analysis were used to determine primary factors causing commercial gentrification, and spatial patterns of the factors were analyzed to predict gentrifying buildings. Three categories were used for the factor analysis: (1) ‘building types and uses’, (2) ‘transportation and roads’, and (3) ‘shopping centers’. The three categories were subdivided into 11 variables, for which use the study considered the following information. First, we examined the changes of the building type and business closures and reopening information as provided by the Seoul Social Economy Center. Second, because gentrified areas generally are clustered and formed near Garosu-gil (the main road), the study considered the proximity of commercial buildings or stores to primary and secondary roads in the study area. Third, changes in store rent prices were used as one of the factors. The first category, ‘building types and uses’, incorporated four variables, namely, ‘single house (SH)’, ‘neighborhood convenience facilities (NCF)’, ‘alteration of building use (ABU)’, and ‘building age (BA)’. The second category included three variables, namely, ‘store rent (SR)’, ‘new franchise businesses (NFB)’, and ‘new restaurant businesses (NRB)’. The third category contained four variables, namely, ‘distance to subways (DS)’, ‘next to secondary roads (NSR)’, ‘having more than two roads (HTR)’, and ‘close to the main road (CMR)’. As stated in Section 2.3, the above variables are mostly supported by the gentrification literature that focuses on the commercial neighbor change. For example, as for the first category, the ideas are from the indicators used in Chapple and Sullivan’s studies [15,17]. Regarding the second category, Smith stated about the capitalized ground rent and sale price, and Ley also argued about dwelling values [3,12,44]. Regarding the third category, the variable with the distance-decay effect is supported by the study of Bruechner and Rosenthal [45].



Next, correlation and regression analyses were used to quantify associations between paired variables as related to commercial gentrification [44]. GWR was used to predict the variables’ spatial relationships and identify the geographical heterogeneities between them, after which the spatial pattern was compared with the results of hot spot analysis. The hot spot analysis used Getis-Ord Gi* statistics to identify statistically significant clustering of gentrification factors with high values or low values [46,47]. The level of significance was established at the 95% confidence interval.





3. Results


3.1. Exploring the Gentrification Phenomenon


3.1.1. Mapping Gentrification Data


As demonstrated in Table 1, this research collected and built GIS databases containing variables associated with gentrification.



As shown in Figure 3a, the majority of the buildings in the area were built between 1968 and 1983. Many of those are decrepit. A number of the structures along Garosu-gil’s main road were rebuilt between 2006 and 2014. Moreover, a number of the buildings in the residential area have been converted to commercial facilities (a rectangle box in Figure 3b). Interestingly, some portions in the district are classified as detached dwelling and cultural facilities (Classes 1 and 2 in Figure 3c).




3.1.2. General Status of Gentrification-Related Variables


The following shows Changes in officially announced standard land price and store rent costs between 2012 and 2017. As shown in Figure 4, the officially announced standard land price (OASLP) in the study area has increased by about 1.5 times (from 600 to 980) (a-1), which is more than the corresponding increases in Seoul as a whole. Store rental fees increased in every year of the study period, except for 2013 and 2017, and such increases are much higher than those in Seoul as a whole (b-2).



The highest rates of OASLP changes are represented along Garosu-gil’s main street. Although the highest store rental fees are similarly clustered along Garosu-gil road, the buildings with the largest price increases extend to neighboring alleys. Many large cosmetic stores are located along the street itself, whereas restaurants tend to be clustered in alleys. The current structure of commercial amenities has led to rent increases for stores that cater to the floating population, such that native small businesses and artists have been pushed out of the district. The decreasing store rents in 2016 represent an anomaly: that year saw a dramatic decline in the number of tourists due to political issues concerning the defense of terminal high-altitude areas.



Figure 5 shows the total sale amounts and floating population in 2017.



The pattern of store sales and floating population locations clearly indicates that the buildings are gentrified. Stores located along the center of the Garosu-gil road had total sales ranging from $8700 (10 million won [KRW]) to $14,000 (16 million won [KRW]) in 2017 (Blue arrow in Figure 5a), whereas sales for stores located next to Sinsa station range from $14,000 to $23,400 (28 million won [KRW]) (Red arrow in Figure 5a). The majority of the floating population was clustered near Garosu-gil’s main thoroughfare and stores near Sinsa station.



Figure 6 shows changes in commercial amenities from 2012 to 2017.



As shown in Figure 6(a-1,a-2), cosmetic stores represent the greatest area of new business investments. The number of cosmetic stores increased threefold over 5 years from 2012 to 2017, and the number of clothing stores increased nearly twofold during the same period Figure 6(c-1,c-2). The growth of convenience stores was slightly more modest at nearly 35% Figure 6(d-1, d-2). In contrast, the number of bakery stores and coffee shops slightly decreased, and there was a 12% decrease in restaurants Figure 6(b-1,b-2). The decrease in restaurants began after 2013 Figure 6(e-1,e-2), whereas that in bakery stores began in 2015.



The expansion of new businesses into residential areas is considered a key factor in explaining processes of rapid commercial gentrification. As Figure 7 illustrates, the speed of business closure far exceeded that of business openings; whereas the number of new businesses grew by 130%, closures increased by 329% from 2012 to 2017 Figure 7(a-1,a-2).



As of 2017, most closed stores were located near Sinsa station and the main street, whereas new franchises in 2012 and 2017 were clustered near both places as well as in residential areas.



Figure 8a depicts the duration of business operations. Most stores had operated for 2 or 3 years (a-1,a-2). By 2014, only approximately 20% of businesses had been opened over 5 years; however, the number of stores had decreased to only ten stores by 2016, which indicates the closure of many long-operating businesses.



During the study period, a number of commercial facilities have expanded to alleys near Garosu-gil’s main street (rectangular box in b-2); however, there were only small differences in lengths of residence between 2012 and 2017 (Figure 8(b-1,b-2)). The red color indicates residential facilities and yellow illustrates commercial facilities.





3.2. Spatially Investigating Commercial Gentrification and Distinguishing Levels of Gentrification


3.2.1. Spatially Investigating Commercial Gentrification


As introduced in Section 3.3, four questions were used to identify and spatially investigate gentrifying buildings. As shown in Figure 9, there were annual increases in the number of commercial facilities, such as convenience stores and new franchise-style businesses during the study period, whereas business closures and new convenience stores decreased in 2017.



Based on the information depicted in Figure 9 and Figure 10, it appears that the process of commercial gentrification had begun before 2013. This study associated the four factors listed therein with buildings contributing to commercial gentrification. Figure 10 depicts the number of buildings affected by the four factors from 2013 to 2017 and shows those that have become highly gentrified over time.



Simply speaking, larger numbers associated with the buildings in Figure 10 indicate a more accelerated commercial gentrification process. As shown in Figure 10a, most buildings are counted more than twice. Figure 10b shows that many stores were altered to other types of businesses from 2013 to 2017. Approximately 150 stores experienced three to four shifts to other businesses during this period.



Next, this study analyzed hot and cold spot trends of the gentrified buildings accumulated in Figure 10. In 2013 (Figure 11a), the northwestern and southeastern zones of the study area were statistically significant hot spot areas with high values of gentrified buildings. The clustered patterns intensify near Garosu-gil’s main road, and the significant hot spots had expanded to the middle of the main road by 2014–2015 (Figure 11b,c), thus indicating an acceleration of the gentrification process. In 2016, the hot spot pattern is similar with that in 2013 (Figure 11d). In 2017, the buildings near the Sinsa station and southeastern areas show hot spot trends with the high number of gentrified buildings (Figure 11e). Accordingly, the gentrification pattern was centered on the Garosu-gil district. It was most intense in the district.



As introduced before, the hot spot analysis can identify statistically significant clustering of variables with high (red zones) or low (blue zones) values. It begins by identifying a null hypothesis, and thereby z-scores and p-values returned by the method tell if we can reject the null hypothesis or not. As a result, the resultant outputs above exhibit significant clustering rather than a random pattern (premising complete null hypothesis). To reject the null hypothesis, the method uses three confidence levels at 90 (p < 0.1), 95 (p < 0.05), or 99 (p < 0.01) percent. For example, with a confidence level of 99 percent, it indicates we are unwilling to reject the null hypothesis (presuming random patterns) because it would be less than a 1 percent probability to tell a random pattern. Thus, Figure 11 shows clustering of gentrification factors with high and low values at three confidence levels.




3.2.2. Distinguishing Levels of Gentrification


In the next stage of analysis, the study attempted to identify levels of commercial gentrification. Higher values of y in Equation (1) indicate the existence of more gentrified buildings. Each of the four questions was assigned different weights, and commercial gentrification was subdivided into four levels.



Figure 12 shows outputs resulting from Equation (1) from 2013 (a) to 2017 (e). As introduced in Section 3.3, level 1 ranges from 0 to 0.25, level 2 from 0.251 to 0.5, level 3 from 0.51 to 0.75, and level 4 from 0.751 to 1. Level 4 indicates that areas or buildings are highly gentrified. The five maps with the four levels of commercial gentrification demonstrate a wide spatial distribution of commercial gentrification in the study area. Moreover, the gentrification levels in Garosu-gil are much higher than in the rest of Sinsa-dong (Figure 12f). The levels of gentrification are moderated from 2013 (a) to 2017 (e).





3.3. Investigating Primary Factors of Gentrification and Its Prediction


3.3.1. Results of Correlation and Regression Analyses


As described in Section 2.1.2, correlation analysis was used to determine associations between pairs of gentrification variables. The values for y, ‘gentrification level’, computed in Section 3.2.2, were used as independent variables, and there were 11 dependent variables.



Table 2 shows the results of the correlation analysis. Neighborhood convenience facilities (NCF), building ages (BA), store rents (SR), new franchise businesses (NFB), new restaurant businesses (NRB), distance to subways (DS), and having more than two roads (HTR) have positive correlations with commercial gentrification. Among these, SR and NRB have more moderate positive relationships than other variables. In contrast, single house (SH) has a negative correlation and is not directly associated with commercial gentrification.




3.3.2. Results of Regression Analysis


Regression analysis was used to identify the gentrification’s association between ‘y’ and the following variables. We excluded alteration of building use (ABU) from the analysis because the related data were intermittently reported to authorities having jurisdiction over business owners and thus are less reliable. In addition, location next to secondary roads (NSR) was excluded because it had no correlation with the independent variable.



As shown in Table 3, the results of NCF, NFB, NRB, and CMR are statistically significant, whereas SH, BA, SR, DS, and HTR have relatively little explanation in terms of the gentrification’s association. In general, ordinary least squares linear regression enables to quantify the strength of the linear relationship between pairs of variables associated with primary factors contributing to commercial gentrification. Such model is used not only to predict future patterns that help explore spatial relationship, but also to predict global model for the variable we are trying to understand.



Along with that, we also examined the variance inflation factor (VIF) values to reflect how much redundancy among the model explanatory variables can be biased. If all predictors were less than 2, it indicates there were no multicollinearity problems among the explanatory variables. If the VIF value is greater than 10, it indicates that multicollinearity existed [48]. Ideally, the smaller is definitely better. The following Table 4 shows VIF values from 2013 to 2017.



As a result, multicollinearity was assessed to check for redundancy among the four explanatory variables. The VIF values range from 1.05 to 2.43 during the 5 years. In particular, the VIF values of NCF, NFB, NRB, and CMR are between 1.04 and 2.36. It indicates that none of the variables are redundant.



In addition to that, this study is interested in predicting spatial relationships between significant variables (NCF, NFB, NRB, and CMR). Thus, in the following step, a geographically weighted regression (GWR) model is used to look for geographical differences and spatial variation in the relationship between the dependent variable and the independent variables. The method event provides a local model of the dependent variable to be explained. For that reason, GWR was applied to identify and predict spatial relationships between pairs of variables.




3.3.3. Results of GWR


Whereas simple linear regression models can examine only single stationary coefficients of each independent variable, GWR identifies variations between coefficients of independent variables (i.e., heterogeneity) in terms of their magnitude and direction [49,50]. Thus, GWR can identify where spatial associations of gentrification variables exist (hot zones) or are absent (cold zones), and thereby it is possible to find areas where the independent variables have a positive and negative relationship with the dependent variable. In this analysis, y was used as an independent variable, and the average of the regression coefficients was used as a dependent variable.



As Figure 13 illustrates, the adjusted R-squared value ranged from 0.69 in 2013 to 0.58 in 2017. The adjusted R-squared value is a modified version of R-squared value. R-squared tells how much of the variation in the dependent variable has been explained by the model. When comparing with modified R-squared of the regression model, all values are increased. R-squared is a measure of goodness of fit and its value ranges from 0.0 to 1.0, with higher values being desirable. In general, if R-squared value is over 0.7, this value is generally considered strong effect size, but depends on what we are modelling [51].



As shown in Figure 13, GWR allows us to map gentrification levels (y). In 2013 (a), positive relationships were mostly clustered in the southeastern areas and near Apgujeong-ro (west and east) and Dosan-daero; whereas in 2014 (b), the predictive patterns with positive relationship were clustered only in the southeastern area, and in 2015 (c), positive relationships were clustered only near Sinsa station and Apgujeong-ro (north and south, respectively). In 2016 (d), the positive patterns were clustered near Sinsa station, Apgujeong-ro (north and south and west and east directions), and Dosan-daero; however, in 2017 (e), the positive relationships were again clustered in the southeastern area.






4. Discussion


Gentrification is a growing concern in urban areas. As stated in the introduction, the gentrification process is an inevitable social phenomenon because people run businesses with the aim to earn profits. The process begins with changes in the commercial characteristics of neighborhoods and eventually extends to negatively impact the original working-class residents, as rental and living costs begin to exceed their means. As stated in the Introduction section, even though a number of gentrification studies have been conducted over the years, it is challenging to collect reliable datasets or statistical maps which can be used by urban planners and policymakers to implement preventative or supportive programs for the native working classes or artists. Furthermore, the wide range of gentrification studies have been focused on at the neighborhood levels, and comparatively limited research has explicitly focused on this phenomenon at finer spatial scales, such as neighborhood parcels, building units, or 3D.



Regarding the concerns on previous work, this research developed a comprehensive research approach to provide policymakers with standardized and quantified criteria to help identify the stages of gentrification and protect cultural artists and small businesspersons from the negative outcomes of this process. The study developed three main steps to explore, investigate, visualize, and predict commercial gentrification in the area of interest. Specifically, multiple data sources associated with commercial gentrification were first collected and built into GIS databases, which were used to explore gentrifying buildings. Second, the study investigated buildings affected by commercial gentrification and distinguished levels of commercial gentrification. To spatially investigate commercial gentrifications, four questions (factors) were integrated into a gentrification level variable (y), which was subdivided into four levels of commercial gentrification, which can be used for administrative purposes in several scenarios. For example, at the first level (ranging from 0 to 0.25) denoting the initial state of gentrification, public officers can gather local community groups at public hearing sessions or conferences. At the second level (0.2561–0.50), public officers need to engage in reasonable mutual exchanges of opinions and ideas between building owners, store renters, and local authorities and develop preventive programs. At the third level of gentrification, the local authority can begin restricting or adjusting to new businesses and develop measures to protect the interests of all stakeholders. At the last level, when lower-income renters have become disadvantaged, the local authorities should devise means to provide financial or administrative supports to those renters. Furthermore, hot spot trends of gentrified buildings were mapped, which revealed that the gentrification process is primarily clustered near Garosu-gil and Sinsa station and has expanded to alleys along Garosu-gil’s main street. It is evident that shifts in the local cultural economy have transformed Garosu-gil’s characteristics and created commercially gentrified areas. As a result, smaller businesses are disappearing, and the cultural artists initially involved in growing Garuso-gil’s community are being pushed out as rental fees increase. Residential areas are being reduced while commercial areas are expanding, with the result being the gradual disappearance of the original regional characteristics initially formed by cultural artists.



In sum, the contributions of the study are as follows. First, the predictive spatial mappings produced in this study can be used for policymakers to properly help areas suffering from gentrification issues. For example, based on the 2014 map (Figure 13b) and spatial patterns of the red zones over time, public officers in the jurisdiction can go to the buildings in red zones and then investigate or explore how much the buildings are suffering from the issues. The method resulting in the GWR maps can enable scientists and urban planners to visualize gentrification levels heterogeneously and spatially across the study area.



Second, this research contributes to the development of valuable datasets and criteria to aid policymakers in enhancing the sustainability of the gentrification process by providing more support and services to affected communities, as well as planning and implementing future national urban renewal projects.



This research has two main limitations. Firstly, our results are based on publicly available data and private data owned by companies, as we encountered difficulties in collecting rental fees and total sale amounts due to privacy issues. Second, although this research used the finest possible spatial scale, which is a building unit, such structures often comprise multiple stories and businesses. Below shows an example of identifying gentrification levels in 3D.



In general, the range of rental costs is affected by what level their store is located and a type of business. In this study we temporally analyzed a building to identify a gentrification level in 3D. Figure 14 briefly expands the building level analysis to model a four-story building containing multiple businesses. The 3D map in the left of Figure 14 represents hot and cold spot trends of commercial gentrification, and the right thing in Figure 14 shows vertically represented hot and cold spot trends in a single building. This model can directly assist stores suffering from gentrification issues with the four assessment levels developed in this research.




5. Conclusions


Since the term ‘gentrification’ was coined in 1964 by Glass, the term has been expanded by many sociologists. Nowadays, gentrification is a widely known phenomenon for the general public. As ever, the process of gentrification is nationally occurring around the world. The phenomenon was unavoidable in multiple places in South Korea. Residents near Garosu-gil have faced multi-faceted problems such as rapid increase of housing and rental costs. The character of Garosu-gil neighborhoods is changing rapidly and the original native working classes are pushed out from increasing rents. This concludes that displacement disproportionately impacts communities of the artist-residencies and local cultural economy. We note that this research is focused on spatially characterizing and exploring the commercial gentrification phenomenon at Garosu-gil. This study also examined gentrification issues per building with at the finest spatial scales in 2D and 3D. The resultant outputs are visually and spatially quantified over time that are stored in GIS database. This research will be beneficial for urban planners or policy makers who pursue sustainable urban development, particularly for the original working-classes at an artist-resident community area. Ultimately, this study helps urban planners implement future national urban renewal projects to protect low-income residents and small businesses and in so doing stimulate more sustainable community development. In future studies, we will develop more detailed vertical representations to analyze commercial gentrification more accurately.
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Figure 1. The study area. 
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Figure 2. Schematic diagram to explore, investigate, visualize, and predict commercial gentrification. 
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Figure 3. Mapping for years of building construction (a), types of land use (b), and types of buildings (c). 
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Figure 4. Changes in officially announced standard land price and store rent costs between 2012 and 2017. 
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Figure 5. Total sale amounts (a) and floating population in 2017 (b). 
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Figure 6. Alteration of business types from 2012 to 2017: cosmetic stores (a-1,a-2); bakery stores and coffee shops (b-1,b-2); clothing and grocery stores (c-1,c-2); convenience stores (d-1,d-2); and restaurants (e-1,e-2). 
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Figure 7. Closed stores (a-1) in 2012 and (a-2) in 2017 and opened new businesses (b-1) in 2012 and (b-2) in 2017. 
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Figure 8. Durations of business operation (a-1,a-2) and lengths of residence (b-1,b-2) for residential and commercial facilities. 






Figure 8. Durations of business operation (a-1,a-2) and lengths of residence (b-1,b-2) for residential and commercial facilities.



[image: Sustainability 12 06116 g008]







[image: Sustainability 12 06116 g009 550] 





Figure 9. Changes of business types from 2013 to 2017. 
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Figure 10. Counts of gentrifying buildings (How often were buildings gentrified from 2013 to 2017?): (a) the number of gentrified commercial building, (b) the number of stores experienced alteration of business type. 
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Figure 11. Hot spot trends of gentrified buildings: (a) 2013; (b) 2014; (c) 2015; (d) 2016; (e) 2017. 
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Figure 12. Results of the gentrification assessment levels: (a) 2013; (b) 2014; (c) 2015; (d) 2016; (e) 2017. 
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Figure 13. Mapping of the locally weighted coefficients of determination (R2): (a) 2013; (b) 2014; (c) 2015; (d) 2016; (e) 2017. 
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Figure 14. 3-D representation of commercial gentrification and hot spot trends in 3D. 
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Table 1. Geographic information system (GIS) database (DB) to explore gentrifying areas.
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	Items Created
	Contents
	Detailed Items





	DB for shopping centers
	Construct historical information of small business by road view (i.e., street view).
	Franchise, type of business, closure and open of business, duration of business, length of residence.



	DB for officially assessed land prices
	Join attribute information of officially assessed land price into buildings.
	Officially assessed land price in Garosu-gil.



	DB for prices
	Store rent price, total sales amounts, and floating population data.
	Store rent price, total sales amounts, and floating population data.



	DB for building
	Join spatial information of building and its register
	Building structure, height, floor area, age of the building, land use, distance of public transportation.



	Integrated DB
	Integrate the above attribute information into GIS databases
	Shopping district, land value, and building information
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Table 2. Correlation coefficients (CC) and p values between pairs of variables.
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Yr.

	
DIV.

	
SH

	
NCF

	
ABU

	
BA

	
SR

	
NFB

	
NRB

	
DS

	
NSR

	
HTR

	
CMR






	
2013

	
CC

	
−0.233

	
0.23

	
0.005

	
0.162

	
0.18

	
0.322

	
0.559

	
−0.006

	
−0.054

	
0.134

	
0.113




	
P

	
0

	
0

	
0.904

	
0

	
0

	
0

	
0

	
0.871

	
0.167

	
0.001

	
0.004




	
2014

	
CC

	
−0.124

	
0.179

	
−0.011

	
0.179

	
0.525

	
0.232

	
0.541

	
0.055

	
0.006

	
0.166

	
0.088




	
P

	
0.001

	
0

	
0.775

	
0

	
0

	
0.005

	
0

	
0.155

	
0.126

	
0

	
0.023




	
2015

	
CC

	
−0.127

	
0.19

	
0.11

	
0.185

	
0.389

	
0.007

	
0.537

	
0.105

	
0.013

	
0.005

	
0.111




	
P

	
0.001

	
0

	
0.005

	
0

	
0

	
0.073

	
0

	
0.007

	
0.738

	
0.197

	
0.004




	
2016

	
CC

	
−0.121

	
0.14

	
0.038

	
0.121

	
0.505

	
0.018

	
0.513

	
0.142

	
0.006

	
0.064

	
0.035




	
P

	
0.002

	
0

	
0.328

	
0.002

	
0

	
0.636

	
0

	
0

	
0.874

	
0.101

	
0.363




	
2017

	
CC

	
−0.057

	
0.152

	
−0.003

	
0.046

	
0.305

	
0.032

	
0.341

	
0.115

	
0.09

	
0.015

	
0.028




	
P

	
0.145

	
0

	
0.948

	
0.242

	
0

	
0.412

	
0

	
0.003

	
0.02

	
0.705

	
0.474








Note: Variable abbreviations: single house (SH); neighborhood convenience facilities (NCF); alteration of building use (ABU); building age (BA); store rents (SR); new franchise businesses (NFB); new restaurant businesses (NRB); distance to subways (DS); next to secondary roads (NSR); having more than two roads (HTR); close to the main road (CMR).
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Table 3. Results of regression analysis.
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Yr.

	
Modified     R 2    

	
DIV.

	
Const.

	
SH

	
NCF

	
BA

	
SR

	
NFB

	
NRB

	
DS

	
HTR

	
CMR






	
2013

	
0.496

	
CC

	
−0.184

	
0.037

	
0.273

	
0.014

	
0.002

	
0.427

	
0.525

	
0.031

	
0.000

	
0.179




	
P

	
0.012

	
0.686

	
0.001

	
0.634

	
0.956

	
0.000

	
0.000

	
0.288

	
0.996

	
0.176




	
2014

	
0.535

	
CC

	
−0.139

	
−0.007

	
0.185

	
−0.037

	
0.148

	
0.334

	
0.533

	
−0.023

	
0.164

	
−0.247




	
P

	
0.049

	
0.938

	
0.015

	
0.189

	
0.000

	
0.000

	
0.000

	
0.414

	
0.003

	
0.047




	
2015

	
0.512

	
CC

	
−0.131

	
0.013

	
0.155

	
0.023

	
0.056

	
0.501

	
0.264

	
0.067

	
−0.054

	
−0.038




	
P

	
0.049

	
0.874

	
0.032

	
0.377

	
0.154

	
0.000

	
0.000

	
0.010

	
0.299

	
0.755




	
2016

	
0.492

	
CC

	
−0.068

	
−0.088

	
−0.030

	
0.034

	
0.109

	
0.330

	
0.347

	
0.001

	
0.075

	
−0.254




	
P

	
0.009

	
0.260

	
0.665

	
0.189

	
0.007

	
0.000

	
0.000

	
0.982

	
0.136

	
0.037




	
2017

	
0.501

	
CC

	
−0.149

	
0.048

	
0.158

	
0.025

	
0.017

	
0.533

	
0.537

	
0.018

	
0.034

	
−0.053




	
P

	
0.013

	
0.503

	
0.014

	
0.285

	
0.620

	
0.000

	
0.000

	
0.459

	
0.471

	
0.613








Note: Correlation coefficient (CC); single house (SH); neighborhood convenience facilities (NCF); alteration of building use (ABU); building age (BA); store rents (SR); new franchise businesses (NFB); new restaurant businesses (NRB); distance to subways (DS); next to secondary roads (NSR); having more than two roads (HTR); close to the main road (CMR).
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Table 4. Variance inflation factor (VIF) values from 2013 to 2017.
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	Yr.
	SH
	NCF
	BA
	SR
	NFB
	NRB
	DS
	HTR
	CMR





	2013
	2.04
	2.05
	1.15
	2.43
	1.34
	1.34
	1.17
	1.05
	2.36



	2014
	2.00
	2.06
	1.14
	2.40
	1.19
	1.18
	1.17
	1.05
	2.21



	2015
	2.01
	2.07
	1.14
	2.43
	1.21
	1.19
	1.16
	1.05
	2.39



	2016
	2.02
	2.09
	1.15
	2.20
	1.24
	1.27
	1.17
	1.05
	2.20



	2017
	2.02
	2.09
	1.15
	2.40
	1.04
	1.04
	1.16
	1.05
	2.20











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