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Abstract


Density and diversity are fundamental attributes of urban environments, shaped by complex land use patterns that evolve over time. This study conducted a comprehensive spatiotemporal analysis of urban growth in two adjacent mid-sized cities, Cheonan and Asan, Korea, employing a spatial statistical framework designed to capture the intricate interplay between building density and diversity. Unlike traditional approaches that analyzed these factors independently, this study integrated both measures into a unified analytical model, identifying zones where high density and high diversity co-clustered over the past two decades. The empirical findings show a consistent monocentric growth pattern across both cities, while also uncovering emergent areas of strong co-clustering, indicating a shift towards more integrated land use practices. This spatial overlap points to a synchronized development trajectory and suggests the potential conurbation of the two cities. By examining the co-clustering dynamics of density and diversity, this study provides new insights into urban development processes, offering valuable guidance for planners and policymakers in shaping future growth strategies.
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1. Introduction


Urban areas can be described in multiple featured images when being portrayed. Among them, one typical feature is a geographic space where numerous diverse people live and work in buildings, carrying out a variety of activities. Modern, mature urban areas contain various types of buildings that are densely located in limited geographic spaces. Urbanization conveys continual land use change, through which buildings are the vessels containing the accumulated trace of urbanization. The urbanization process generates the density and diversity of buildings in an urban area. Hence, two key indicators of building density and diversity have been adopted in many studies to understand urban growth patterns over time [1,2,3].



Over the past few decades, there has been an extensive debate on the effects of density and diversity in urban areas. Proponents argue that high density and diversity promote mixed land use, which can reduce automobile dependency, lower air pollution, and enhance health and economic benefits through increased walkability [2,4,5]. These arguments align with planning paradigms such as smart growth and new urbanism, which emphasize the importance of high-density, mixed-use environments to foster livable urban spaces [6]. Conversely, critics highlight the potential drawbacks of high density and diversity. In some cases, increased traffic congestion, air quality deterioration, and functional conflicts in mixed-use areas may outweigh the benefits, particularly in low-income communities where chronic health issues can arise [7]. These conflicting perspectives underscore the complexity of assessing the combined impacts of density and diversity on urban areas.



Amid these debates, numerous studies have recognized density and diversity as key indicators for evaluating the urban spatial structure, emphasizing their role in understanding urban form and diagnosing patterns of sprawl. For example, a comprehensive set of eight indicators, including density and mixed land use, to assess the degree of urban sprawl, was introduced, where low values often lead to higher urban costs [8]. Also, an index grounded in the density and mixed use of residential and commercial areas was used as a diagnostic tool for assessing the urban structure [9]. Indeed, density and diversity are considered important in evaluating the extent of sprawl in cities [10].



Building on these foundational works, subsequent studies have applied density and diversity measures across different geographic scales to examine urban growth and sprawl patterns [9,11,12,13,14,15,16]. Commonly, density is defined as the number of buildings or population per unit area, while diversity is assessed through indices such as Gini coefficients, entropy indices, or dissimilarity measures [17,18].



Despite the widespread application of density and diversity measures in urban analysis, most studies have focused on evaluating these indicators independently, often overlooking the potential interactions between them. This gap has prompted efforts to develop more sophisticated methods that can capture the joint dynamics of density and diversity. Specifically, areas exhibiting both high density and high diversity often form co-clusters, where the simultaneous presence of these features reveals distinct urban growth patterns. If such co-clustered areas become prevalent across the study region, they may indicate a strong co-clustering tendency, reflecting the spatial convergence of density and diversity as urban areas expand and evolve.



Analyzing the co-evolution of density and diversity offers valuable insights into changes in the spatial distribution of buildings, which can be interpreted as shifts in urban growth patterns. Monitoring these changes requires a robust analytical framework capable of detecting co-clustering tendencies over time. However, the potential to systematically examine urban growth using co-clustering analysis has not been fully investigated.



To address the limitation, the current study introduces a novel framework that employs the G-statistic, a widely recognized spatial statistical tool, to measure the co-clustering tendency of building density and diversity. The G-statistic is particularly effective in identifying the spatial clustering tendency and pinpointing local hotspots of high density and diversity. By applying this method to subareas in South Korea, this study assesses whether high-density and high-diversity regions tend to spatially coincide, suggesting the presence of co-clustering.



This approach makes a unique contribution by providing a comprehensive analysis of urban growth patterns through the lens of co-clustering dynamics. The following sections present a review of previous studies on density and diversity measures, detail the methodology used to assess co-clustering patterns, and discuss the empirical analysis conducted for the selected study region. Finally, the results are interpreted in the context of urban growth trends, offering important implications for future urban planning and policy development.




2. Methods


Identifying a co-clustering tendency and pinpointing co-clusters were two main objectives of the empirical analysis conducted in this study. Here, the co-clustering tendency indicates the degree to which two phenomena are inclined to co-locate geographically in close proximity. The geographic areas where both a high density and diversity of buildings exist concurrently are defined as co-clusters. This study defined the co-clustering tendency as appearing when co-clusters prevailed over the entire study region.



To measure the co-clustering tendency and locate co-clusters in a study region, the G-statistic is used. The G-statistic is a spatial statistic suitable for measuring the degree of geographical clustering as well as detecting local clusters. Devised by Getis and Ord [19], it has been widely used to diagnose a geographical clustering tendency and detect local clusters. The statistic is defined in both global and local terms. The global G-statistic intends to measure the overall clustering tendency of geographical phenomena in a study region, while the local G-statistic focuses on detecting local areas/subregions showing a concentration of high values. Figure 1 summarizes the process of analyzing the global spatial co-clustering tendencies of density and diversity, as well as identifying local spatial co-clusters, using G-statistics. The analytical methods used in this study were implemented through the use of external Python libraries, including pandas (v1.3.4), geopandas (v0.6.2), and pysal (v2.0.0). Additionally, QGIS (v3.22) was employed for the cartographic visualization of the analytical results.



Getis and Ord [19] defined the global and local G-statistics, as shown in Equations (1) and (2) below:


  G   d   =      ∑  i   n      ∑  j   n      w   i j   ( d )   x   i     x   j           ∑  i   n      ∑  j   n      x   i     x   j          ,  



(1)






    G   i   ( d ) =      ∑  j ≠ i   n      w   i j   ( d )   x   j         ∑  j ≠ i   n      x   j         



(2)




where   n   is the number of subregions in the entire study region;     x   i     shows the variable of interest (e.g., building density or diversity in case of this research) in subregion   i   (e.g., administrative boundary, square grid, etc.); and     w   i j   ( d )   indicates the spatial weight given to subregion   j   as the function of the distance from   i   to   j  , where the spatial weight of one is given to nearby subregions of which centroids are within threshold distance   d  ; otherwise, it is zero.



Also, the means and variances for both statistics are shown in Equations (3) through (7) below [19]:


  E [ G ( d ) ] = W / n ( n − 1 ) ,  



(3)






  V a r   G   d     = E     G   2     d     −   E [ G ( d ) ]   2    



(4)






  E     G   i     d     =      ∑  j = 1   n      w   i j     d       n − 1    ,   i ≠ j  



(5)






  V a r     G   i     d     = E       G   i     2     d     −     E     G   i     d         2    



(6)







Given the means and variances of the global and local G-statistics, the corresponding z-values are denoted as follows:


  Z [ G   d   ] =    G   d   − E [ G   d   ]    V a r [ G   d   ]      



(7)






  Z     G   i     d     =      G   i     d   − E [   G   i     d   ]    V a r [   G   i     d   ]      



(8)







The interpretation of the G-statistics is conducted in accordance with the statistical criteria that are provided in Table 1.



The critical z-value presented in Table 1 represents the threshold for assessing statistical significance based on the standard normal distribution. For example, if the   Z   G   d       value exceeds the highest threshold of 2.57 (e.g., 3.5), this signifies a strong spatial clustering tendency of relatively high values across the entire study area. Conversely, a   Z   G   d       value below −2.57 indicates a pronounced dominance of spatial clustering of relatively low values. Similarly, for   Z     G   i     d      , a value greater than 2.57 indicates the presence of clustered high values within a distance   d   around the given location, whereas a value below −2.57 reflects the formation of clusters of low values within the same spatial range.



If rewriting     x   i     to     d e n   i     denoting building density, mapping   Z     G   i     d      s enables local hotspots of high density to be pinpointed, providing visual images for exploring where buildings are densely located across the entire study region. Likewise, when replacing     x   i     with     d i v   i     standing for building diversity, high values of   Z     G   i     d       imply spatial clusters where diverse buildings are located. The parameter d denotes the spatial scale to which subregions are aggregated. A large value of d indicates wide subregions of a geographical size may be considered geographic neighbors, and therefore, density (and diversity) in those local areas influences the calculation of the degree of clustering in density (and diversity). If high-density subregions prevail over a wide range of geographic space, a high value of d tends to generate high   Z     G   i     d      s. This indicates a strong geographic clustering tendency over a wide geographic range.



In this research, a co-clustering tendency was measured using the local G-statistic. Urban growth patterns were examined by observing the change in the co-clustering tendency over time. The degree of co-clustering tendency of density and diversity was determined based on how many subregions with high values of   Z     G   i     d       in both density and diversity geographically overlapped. By counting the subregions implying co-clustering, the overall co-clustering tendency was measured. For example, a subregion with   Z     G   i     d      s over 2.57 in both density and diversity indicates a locality showing co-clustering. Here, the co-clustering index (CCI) for spatial scale   d   and temporal period   t  ,     C C I   t   ( d )  , is defined as the ratio of the number of these subregions to the total count in the entire region, as shown below.


    C C I   t   ( d ) =    # ( g r i d s   w i t h     Z       G   i     d       d e n s i t y     a n d   Z       G   i     d       d i v e r s i t y     > c r t _ v a l )   N     



(9)







In Equation (9),   c r t _ v a l   indicates the critical z-value, as shown in Table 1. Thus, the denominator of Equation (9) represents the number of grids where both   Z     G   i     d       values for density and diversity exceed   c r t _ v a l  . A higher value indicates a stronger overall co-clustering tendency in the study area.



In summary, high values of   Z     G   i     d       occupy the entire study region for period   t   dominantly, where the co-clustering tendency tends to be quite strong. If this type of spatial pattern has continued, it indicates that diversity in building types has concurrently appeared, aligning with building density in the process of urban growth. Again,     C C I   t   ( d )   is a global index derived from the overlapped results of   Z     G   i     d       for density and diverstiy. Thus, it is informative to visualize the local clustering propensity in high density and high diversity in building locations on the map. In this respect, empirical results are presented with local images, demonstrating the urban growth pattern as well as the temporal change in the global spatial pattern of land use.




3. Study Area and Data


Our empirical analysis targeted two neighboring cities located in Chungnam province, South Korea. One is the city of Cheonan and the other is the city of Asan, located on the east side of Cheonan, sharing an administrative boundary extending north and south. Both cities are located in mid-inland regions of South Korea, bordering the Seoul Metropolitan Area, the southeastern side of Seoul. Cheonan and Asan are geographically contiguous cities that, while administratively distinct, display significant continuity in land use, particularly in the border region where they share key infrastructure, such as the KTX high-speed rail station. This shared infrastructure facilitates integrated urban growth, making the area a prime example of conurbation across administrative boundaries. Consequently, this empirical analysis was conducted by selecting both cities as a unified study area, to comprehensively capture the dynamics of contiguous urban development. The administrative areas of Cheonan and Asan measure 636.15     k m   2     and 542.80     k m   2    , respectively, with populations recorded at 658,486 and 324,580 as of 2024. Consequently, the population densities are calculated to be 1035 persons per     k m   2     for Cheonan and 598 persons per     k m   2     for Asan.



Figure 2 shows the administrative boundaries of the entire study region in the hierarchy. The boundaries of districts and towns within Cheonan and Asan were delineated using census administrative boundary shapefiles provided by Statistics Korea through the Statistical Geographic Information Service (SGIS). In the figure, ‘Si-Gun’ indicates a city-town, drawn in a thick outline. ‘Dong’ is the administrative unit comprising a city area with a relatively high population density. Since ‘Dong’ is a highly populated area, the size is small relative to the town. It is shown that small-sized ‘Dong’ units are concentrated around the west boundary of the city of Cheonan and in the middle part of Asan.



Building data used for this study were retrieved from the spatial information on building usage provided by V-World, operated by the National Geographic Information Institute, South Korea. The building data have a variety of attributes. Among them, the total floor area and the primary use code of each building were two key variables necessary for analyzing the co-clustering patterns in this study. The building attribute values are attached to geometry information designating building boundaries. The centroid of the building boundary is extracted to the   x y  -coordinate representing the geographic location. In Cheonan and Asan, there are 59,052 and 33,160 buildings, respectively.



To perform a co-clustering analysis in the way presented previously, building data are aggregated into a set of grids covering the entire study region. A square grid sized with 100 m was applied as the spatial unit of analysis. The 100 m square grid covering Cheonan and Asan was sourced from the Statistical Geographic Information Service (SGIS). The city of Cheonan is covered by 10,636 grid squares, among which 5346 contain at least one building, about 50% of the entire geographic area. In the case of Asan, there are 8731 grid squares covering the city and at least one building is located in 4273 of them, occupying 49% of the total area. A total of 19,367 grid squares cover the entire study region. Among them, 9619 contain at least one building.



In the process of aggregating the number of buildings or building types at the grid level, potential errors may arise due to boundary mismatches between grids and buildings. Resolving such issues, which stem from the integration of datasets with differing boundaries, necessitates the application of areal interpolation methodologies. However, this lies beyond the scope of the current study. For this research, the aggregation of building counts and types at the grid level was conducted by determining whether the center points of buildings fell within the grid boundaries.



Table 2 summarizes grid-based descriptive statistics for the entire study region in terms of building count by grid density and diversity, where a grid that has more than one building is only counted. Based on the total number of buildings in both cities, overall, Cheonan is greater than Asan in all the descriptive statistics. The maximum numbers of buildings are 200 and 172, and on average, 11.05 and 7.76 buildings are located in each grid in Cheonan and Asan, respectively. Since the grid size is equal, density was calculated simply as the total floor area of buildings (    m   2    ) located inside each grid. Diversity was measured by counting the number of different primary use codes of the buildings inside the grid.



Table 3 summarizes the types of buildings in terms of primary use stipulated by the Building Act in South Korea. There are 29 categories in the primary uses of buildings. Thus, the maximum value of diversity does not exceed 29. As shown in Table 2, the maximum values in Cheonan and Asan are 12 and 11, respectively.




4. Results


Figure 3 presents the analysis results for the spatial clustering tendencies of density and diversity over time in both cities. The blue bar chart denotes the temporal change pattern in the degree of spatial clustering of density, and the red chart represents that of diversity measured by   Z [ G   d   ]  . Overall, the degree of spatial clustering of density is greater than that of diversity. The green chart indicates the difference in   Z   G   d       of density and diversity (=  Z   G     d     d e n s i t y     − Z [ G   d   _ d i v e r s i t y ]  ). The z-value quantifying the spatial clustering tendency of density has increased by 1.4763 per year and that of diversity by 0.5621 per year.



The difference in the increase rate is about 0.914 per year. Partly, this indicates that the number of primary use types of buildings has not been rapidly increasing along with population growth over time as much as that of building density. This is a reasonable outcome since the number of types of primary uses is limited to 29, as stipulated by the Building Act. A meaningful result was not obtained for the difference in   Z [ G   d   ]   between density and diversity. While the overall temporal change patterns of density and diversity clusterings increased, the density tendency is steeper, indicating that numerous diverse buildings have been simultaneously occupied in the two cities over time, and thus, both density and diversity have a co-clustering tendency pattern spatially. This implies that, overall, mixed land uses have been dominant in both cities, with a densely populated urban spatial structure generated.



Figure 4 plots the changing spatial patterns of the local spatial clustering using   Z     G   i     d       in density (left) and diversity (right) over time every 10 years from 2001. As presented in the legend, red-colored grids show   Z     G   i     d       greater than 2.57, indicating a strong degree of local clustering, as noted in Table 1. This indicates that there are many high-rise buildings in the grid and neighboring grids as well. The spatial scale parameter   d   was set to 500 m, meaning that five nearby grids with centroids within that distance were used to calculate local z-values, with the empirical grounds for deciding the spatial scale parameter necessarily presented for a valid interpretation. One possible explanation for this choice is that 500 m is widely regarded as a walkable distance in South Korea, aligning with urban planning standards and pedestrian behavior patterns. This spatial scale is particularly suitable for capturing the potential interactions and co-locations of different land uses within a dense and diverse spatial structure. By using 500 m as the spatial scale parameter (  d  ), urban dynamics associated with mixed land-use patterns are likely to be captured.



High values of   Z     G   i     d       signify strong local clustering propensities in those localities combining at that spatial scale. The red color demonstrates conspicuous spatial clusters where   Z     G   i     d      s over 2.57 around the bordering local regions of Cheonan and Asan. Orange-colored grids are thinner, which correspond to the values of   Z     G   i     d       ranging from 1.96 to 1.64 and show that the degree of local spatial clustering tends to decrease. Various factors attracting people from outside the growing local regions, such as building industrial complexes and creating massive new residential areas through public initiatives, may have contributed to the formation of monocentric growth patterns, as shown in Figure 4.



Figure 5 shows three-dimensional (3D) plots of   Z     G   i     d       in density (left) and diversity (right) in 2001 and 2021, covering both cities. Red grids have expanded over time, centered around specific subregions: Munhwa-dong in Cheonan and Oncheon-dong in Asan. Those subregions correspond to old city centers in the two cities, inferring that both cities have grown from the old centers outward in a monocentric manner. In the southwest periphery of the red grid clusters of Cheonan, bordering the administrative boundary of Asan, is Cheonan-Asan station, which is one of the stations of high-speed trains (or Korean Train Express: KTX) running from Seoul to Busan. Since 2003, when the station opened, the adjacent local regions have expanded rapidly and strengthened the monocentric form from the proximal old city center. The tendency of expansion from the old center seems to have applied to Asan, too. Upon closer investigation, it becomes evident that both cities have developed into typical monocentric forms over the past two decades, with the highest values (red color) concentrated in the center and decreasing toward the periphery.



Both growth patterns of density and diversity in Figure 5 look similar. Therefore, co-clustering of the two variables may have appeared during the last two decades, centered around the monocentric growth hub in the two cities.



In Figure 6, the local regions showing the co-clustering tendency are mapped, where high   Z     G   i     d       values are dominant in both density and diversity according to the changes every five years. In the case of Cheonan, the direction of urban growth follows the general outlines of density and diversity, similar to Figure 5. From the temporal maps showing co-clustered growth patterns, it seems the conurbation of the two cities is a possibility in the future.



Figure 7 below shows the temporal trend of change in the co-clustering patterns of density and diversity, summarizing the spatial clusters of   Z     G   i     d       values every year from 2001 to 2022.



The green bar points to the number of overlapped grids with   Z     G   i     d       over 2.57. Similarly, red and blue bars denote the cases of   Z     G   i     d       over 1.96 and 1.64, respectively. Grids with the highest values in both variables increase over time by 8.51 per year. The increases in the number of grids with relatively lower values are estimated as 12.27 and 13.61, respectively, for   Z     G   i     d       over 1.96 and 1.64, while demonstrating upward trends, signifying that the study region has grown in both dimensions of density and diversity over the last two decades and implying that mixed land uses have prevailed in the monocentric urban spatial structure.



The analysis demonstrates that urban density and diversity spatially coalesce, particularly in high-density subregions near key infrastructure such as Cheonan-Asan station. The temporal increase in the number of overlapping grids with   Z     G   i     d       values exceeding critical thresholds of 1.64, 1.96, and 2.57 indicates faster growth in building density compared to diversity, which remains constrained by statutory limits on primary use categories. These findings highlight the need for urban growth management policies to carefully address the evolving spatial structure of the two adjacent cities. In particular, fostering cooperative governance among local government authorities, including policymakers and planners in the public sector, is essential to maximize the potential benefits of conurbation. Such coordinated efforts can enhance urban planning strategies, ensuring balanced growth and promoting sustainable development within these interconnected urban regions.




5. Conclusions


In this study, a new analysis framework for examining urban growth patterns was developed whereby we measured the co-clustering tendency by combining building density and diversity in the entire study area and identifying local co-clusters contributing to forming the overall co-clustering pattern. The G-statistic for the measurement was calculated, one of the spatial statistics for assessing the spatial clustering tendency and pinpointing local clusters of geographic phenomena of interest. Through co-clustering, a group of geographically adjacent grids with   Z     G   i     d      s greater than the threshold in both density and diversity were identified. The number of grids contained in co-clusters was defined as the co-cluster index, conditioned at the spatial scale of   d   at time   t  , noted as     C C I   t     d   ,   as shown in Equation (9). The pattern of change in urban growth in terms of density and diversity was plotted over time, along with visualizing co-clusters on the maps. From the temporal mapping, we observed that the study regions had expanded from the old city centers, forming monocentric urban growth patterns, quantified as a co-clustering process of density and diversity and potentially moving toward a conurbation in the future on the basis of temporal growth pattern change. This implies that policymaking to manage urban growth needs to pay careful attention to the change in the spatial structure of the two adjacent cities and make efforts to achieve cooperative governance among local government authorities, including policymakers and planners, especially in the public sector, in order to magnify the potential benefits of a possible conurbation.



This study’s contributions are three-fold, at least. Firstly, it has suggested a new methodological framework that is useful for measuring the urban spatial structure by integrating density and diversity, the key featuring attributes describing urban areas, into a single measure, a co-clustering index. Secondly, the suggested framework enables the spatial pattern of diversity and density to be monitored over time, providing useful empirical analysis results. Thirdly, the framework is adaptable to various geographic scales and contexts, allowing it to be applied in different urban settings and comprehensively explore spatial dynamics; it is expected to be applied to other scales and contexts in the future. It is indeed worth using as a sort of inference, portraying the possible change in spatial structure in the future and supporting policymaking and relevant planning actions.



In this study, the degree of diversity was defined as the number of types of primary uses of buildings, classified at the highest level of the Building Act. However, it is crucial to acknowledge the limitations of the current dataset and improve the data acquisition process by incorporating more detailed land use classifications. Additionally, robust methodological approaches should be explored to address and/or mitigate the inherent biases and constraints of the existing data, thereby enhancing the reliability and validity of the empirical analysis. Alternatively, utilizing lower-level building classification codes to measure diversity can provide more detailed insights into spatial pattern changes during the co-clustering process. This approach could deliver more accurate information on urban pattern changes, ultimately supporting relevant policymaking and planning actions.



In addition, subsequent studies need to examine the parameter value of the spatial scale, as the estimation results may vary depending on changes in the   d   value of the G-statistic. In a broader context, this pertains to the issue of scale, one of the two types of modifiable areal units. Future conurbation pattern change may depend on spatial scale parameters. A rigorous sensitivity study can ensure the usefulness of the co-clustering tendency and categorize the spatial scale parameters by city size. The future findings are expected to be applicable to other global cities.



Finally, the geographical features of Cheonan and Asan may significantly influence urban growth. Mountainous and plain areas play a critical role in determining urban expansion and density, while transportation networks benefit from the region’s accessibility, although terrain challenges can constrain development. Additionally, the heat island effect and wind flow patterns are shaped by a region’s geographical and urban features, influencing local climate conditions. Green spaces and natural areas contribute to mitigating the heat island effect and regulating the urban climate, underscoring the importance of integrating these elements into urban planning. These issues lie beyond the scope of this study; however, they present valuable opportunities for future research from alternative perspectives on urban growth.
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Figure 1. Research method workflow diagram. 






Figure 1. Research method workflow diagram.
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Figure 2. Administrative boundaries of the study region, Chungnam province. 
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Figure 3. Temporal trends in spatial clustering of density and diversity of buildings. 
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Figure 4. Changing pattern of local spatial clusters over 20 years. 
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Figure 5. Three-dimensional plot of changing patterns in local spatial clusters for 20 years. 
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Figure 6. Co-clusters of density and diversity,     C C I   t     d = 500    : spatial pattern changes from 2001 to 2021 every 5 years. 
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Figure 7. Temporal pattern changes in co-clustering tendency: 2001–2022. 
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Table 1. Criteria for interpreting   Z   G   d       and   Z     G   i     d      .
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	Critical z-Value
	Degree of Clustering
	p-Value





	2.57~2.57
	Very high
	0.01



	1.96~2.57
	High
	0.05



	1.64~1.96
	Moderate
	0.1



	−1.64~1.64
	Random
	



	−1.96~−1.64
	Moderate
	0.1



	−2.57~−1.96
	Low
	0.05



	−2.57~−2.57
	Very Low
	0.01










 





Table 2. Summary statistics of grid that has more than one building in the study region.
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Statistics

	
Cheonan

	
Asan






	
Building count by grid

	
min

	
1

	
1




	
max

	
200

	
172




	
sum

	
59,052

	
33,160




	
mean

	
11.05

	
7.76




	
std. dev

	
19.58

	
12.6




	
Density

(total floor area of buildings,     m   2    )

	
min

	
4.48

	
8.03




	
max

	
229,185

	
184,627




	
sum

	
44,995,652

	
21,035,674




	
mean

	
8416

	
4922




	
std. dev

	
19,645

	
12,187




	
Diversity

(count of primary use per grid)

	
min

	
1

	
1




	
max

	
12

	
11




	
sum

	
13,794

	
9907




	
mean

	
2.58

	
2.32




	
std. dev

	
1.77

	
1.54











 





Table 3. Types of buildings according to primary use stipulated by the Building Act in South Korea.
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	Primary Use
	
	Primary Use





	1
	Detached houses
	16
	Amusement facilities



	2
	Multi-family housing
	17
	Factories



	3
	Class 1 neighborhood living facilities
	18
	Warehouse facilities



	4
	Class 2 neighborhood living facilities
	19
	Storage and treatment facilities for hazardous substances



	5
	Cultural and assembly facilities
	20
	Facilities relating to motor vehicles



	6
	Religious facilities
	21
	Animal and plant-related facilities



	7
	Sales facilities
	22
	Resource recycling facilities



	8
	Transportation facilities
	23
	Correctional and military facilities



	9
	Medical facilities
	24
	Broadcasting communications facilities



	10
	Education and research facilities
	25
	Power generating facilities



	11
	Facilities for senior citizens and children
	26
	Graveyard-related facilities



	12
	Training facilities
	27
	Tourist resting facilities



	13
	Sports facilities
	28
	Funeral facilities



	14
	Business facilities
	29
	Campground facilities



	15
	Lodging facilities
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