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Abstract

:

Suburbanization of Bekasi Regency as a part of the Jakarta Metropolitan Area (JMA) is mainly induced by urban expansion and industrialization, in which the suburbanization process threatens food security and ultimately disrupts urban sustainability. This study aims to characterize industrial-dominated suburban formation to manage the suburbanization process using a quantitative zoning method. In assessing the characteristics of industrially dominated suburban, this research utilizes the concept of urban–rural development (URD), which consists of five aspects of development (socioeconomic, population, industrial, land-use, and environmental). Factor analysis and Rustiadi’s spatial clustering form regional clusters using all variables while referring to the URD concept. The results showed that there are three regional typologies: (i) urban, (ii) Desakota, and (iii) rural regions. Urban regions are situated in the central and western parts of Bekasi Regency, rural regions are situated in the northern part of Bekasi Regency, while the desakota region is situated between urban and rural regions. Characteristics of each typology then could be used as the basis for development policy in Bekasi Regency which is then constructed towards the protection of agricultural areas in the rural and desakota regions, serving both food security function and strengthening urban sustainability of JMA.
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1. Introduction


Background


Suburbanization is closely related to urbanization process, where it is considered at the post-urbanization stage and is defined by the number of urban populations moving to live in the peri-urban area due to congestion and environmental degradation in urban centers [1,2]. The term suburbanization was first known in North America and Western Europe, where it is defined by rapid growth in peri-urban areas due to the movement of urban communities and the development of industrial areas [1,3]. Unlike suburbanization in North America, most of the suburbanization phenomena, mainly in Southeast Asia, was more often caused by rapid urbanization that led to expansion of urban regions [4,5,6]. Urban expansion, especially in major cities of the Southeast Asia region, is due to the centralized development process following earlier stages of economic development experienced in the 1980s [5,6]. The development process, which is mostly financed by foreign direct investment (FDI), has led to an increase in rural-urban migrants to big cities in Southeast Asia [5].



Expansion of its metropolitan area characterizes most of the suburbanization process in Southeast Asia, and interaction with its hinterland resulted in the Extended Metropolitan Region [7,8,9]. Expansion of metropolitan areas in Southeast Asia, especially Bangkok, Jakarta, and Manila, extends to rural regions with a high-density population and is mainly a rice-production area [10,11]. This expansion causes many metropolitans to have a biased boundary between urban and rural regions [6]. This biased boundary between urban and rural regions gave rise to a new term for regional classification in urban geography, namely the “desakota” region [12]. The desakota region is an area that cannot be classified as urban or rural regions because it has both properties [13,14].



This desakota region can be found in the periphery or peri-urban areas of the metropolitan areas in Asia and can be observed in the Jakarta Metropolitan Area (JMA) [11]. The Jabodetabek Metropolitan Area (Jakarta—Bogor—Depok—Tangerang—Bekasi) or the Jakarta Metropolitan Area is one of the largest metropolitan areas in Asia, which is the result of core metropolitan (Jakarta) expansion, where the population reaches more than twenty million [15,16]. Based on Presidential Regulation No. 60/2020 concerning the spatial planning of the Jabodetabekpunjur area, the Jabodetabek Metropolitan Area is planned to become one of the national economic activity centers to promote equitable community welfare and sustainable development. In general, the JMA is divided into three zones (core zone, inner ring zone, and outer ring zone), where the direction of expansion moves towards the inner and outer ring zones due to the inability of the metropolitan core to accommodate the increasing population density [16,17].



Bekasi Regency is one of the outer ring zones of the JMA that is directly affected by its metropolitan core [18,19], and that undergoes industrialization process to support JMA’s economic activities [17]. The industrialization process contributed to the increase in the Bekasi Regency GDP, where foreign capital played an essential role in the speed and significance of the industrialization process in Bekasi Regency [16]. The contribution of the industrial sector to Bekasi Regency regional revenue is shown in the manufacturing industry sector as the dominant contributor to the Bekasi Regency’s GDP in 2017 by 78.37% [20]. The industrialization process in Bekasi Regency was also caused by the shifting of industrial manufacturing area from a crowded city center to a more “open” space in the outskirts or fringe areas of the metropolitan, which is commonly referred to as “industrial suburbanization” which occurs in urban regions of developed countries since the 1990s [3].



The industrial suburbanization process in Bekasi Regency is driven by the private sector [4,5,21]; it is only oriented towards developing residential and industrial estates without paying attention to agricultural areas. These estates increasingly threaten food security in the JMA [22,23], where 46.34% of agricultural land has been converted into a built-up area during 2000–2015 [24]. This type of development will only orient itself towards the upper-middle-class society and will lead to spatial and social segregation between the poor and rich in suburban areas. [4,22,25]. This segregation is commonly referred to as dualism of urbanization in suburban areas, which lacks government intervention in the development process in suburban Bekasi [25].



Besides, the industrial suburbanization process in Bekasi Regency has caused some of the rural regions to be transformed into an urban region [17]. The urban region in Bekasi Regency is dominated by urban land-use coverage, low to no agricultural area, and most settlements area, while the rural region has a relatively low urban land-use and is still dominated by agricultural areas [6,26]. However, some regions have been transformed into a “grey” region because they have mixed land-use, where the urban and rural land-uses are very close and interrelated [2,22]. Regions with mixed land-use and interrelation between one another constitute the desakota region [17]. The emergence of a desakota region in Bekasi Regency is caused by the imperfect transformation from rural to urban without being accommodated by proper planning from the government [25,27].



Moreover, the industrial suburbanization process in Bekasi Regency divides this regency into several regional typologies, namely urban, rural, and desakota regions [17]. This study aims to characterize industrially dominated suburban formation (regional typology) in order to manage the suburbanization process using a quantitative zoning method. Characterization of regions affected and/or formed by suburbanization is indeed needed to reclassify the regions in Bekasi Regency to formulate a better strategy or policy to manage and sustainably accommodate this industrial suburbanization process.



The needs of characterization are more emphasized by the fact that the Bekasi Regency is not a homogenous region, where this suburb has a diverse landscape and socio-economic conditions. It means that there are urgent needs to differentiate and characterize suburban regions on a smaller scale to promote a better development policy based on the characterization results. In terms of Bekasi Regency, rural and desakota characterizing is needed to provide a better picture in Bekasi Regency’s agricultural area protection [22], in which this region has experienced a massive conversion of agricultural land due to the process of suburbanization [13,21,22]. Bekasi Regency is a vital area for national rice production and especially the JMA, where conversion of agricultural land due to the suburbanization process has threatened food security in the JMA and, therefore, threatened its sustainability [22,23].



Regional typology characterizing and mapping in Bekasi Regency is needed to identify which areas should be designated for industrial and residential development and which areas should be designated for agriculture protection. Regional typology identification in this research is based on a comprehensive indicator from an urban–rural development approach. The urban–rural development (URD) approach consists five development aspects, namely socioeconomic, environmental, population, land-use, and industrial [28], which also reflect the pillars of sustainable development (social, economic, and environmental pillars), where sustainable development is a mainstream development paradigm in the 21st century [29,30]. This approach is more comprehensive than previous research by Rustiadi et al. [31] and by Hudalah and Firman [2] in identifying regional typologies in Bekasi Regency, where Rustiadi et al. [31] study is only based on a single variable and does not include classification of the desakota region while Hudalah’s and Firman [2] research are solely based on socioeconomic conditions. This research uses factor analysis in Principal Component Analysis (PCA) to reduce many variables (regional characteristics) into new mutually independent variables that do not have a multicollinearity problem. PCA application in planning-related study is often coupled with Geographic Information System (GIS) [32] to examine spatial dynamics of a region [33] and socioeconomic studies [34] or as an evaluation and monitoring tool in development [35].



Moreover, this study pays attention to spatial proximity in theologizing or classifying regions in Bekasi Regency, whereas, in a similar research that uses the URD approach by Hu et al. [28], spatial contiguity aspect was not used. The use of spatial contiguity aspects is essential because a region cannot function properly by itself and the adjacent region will likely have a close similarity relationship [36]. Besides, a compact or contiguous region will be easier to manage than a fragmented region [37]. Spatial clustering, which is one of the quantitative zoning analysis methods, serves to group regions that have similar characteristics, also considering spatial proximity so that the delineation result will be more compact [38].



This research offers to fill in a particular gap with this methodological approach. Several studies regarding suburbanization in Indonesia have been carried out, with each of them providing different perspective, for example, Hudalah and Firman [2], and Firman and Fahmi [4] using a descriptive approach explaining suburbanization in Jakarta and its surrounding area. Wagistina et al. [39] used GIS-coupled with a qualitative approach to describe the suburbanization pattern in Malang, Indonesia. There still has not been any research explaining suburbanization (especially industrial suburbanization) in Indonesia using a zoning approach to develop a particular characterization and development policy. However, this research also has several limitations due to data limitation and the nature of planning and development policies. Where planning and development policies in Indonesia are usually summarized in a regency-scale, programs or policies on a smaller scale are usually not prioritized, meaning that macroscale development is still the mainstream paradigm implemented in Indonesia currently.





2. Materials and Methods


2.1. Research Framework


Bekasi Regency, as a peri-urban area of the Jakarta Metropolitan Area (JMA), experiences suburbanization due to the spillover effect and urban expansion from Jakarta’s rapid urbanization. The suburbanization process in Bekasi Regency is also supported by the process of industrialization [13,40], resettlement from the metropolitan core [25], and movement of industrial estates from metropolitan core [40] (see Figure 1). The suburbanization process caused Bekasi Regency to be divided into three major typologies: rural, urban, and desakota regions. The regional typology identification process uses the URD concept approach, where the development aspects within URD are also a reflection of sustainable development pillars: social, economic, and environmental pillars [29,30]. Identifying regional typologies in an area with high dynamics such as Bekasi Regency has become essential, as planning and development policies need to have detailed instruction based on each region [41]. The primary focus of typology-based development policy in this context is more towards the preservation of agricultural areas to promote food sovereignty and sustainable development of the JMA and especially Bekasi Regency [22]. Food security is also an essential issue in sustainable development, especially in metropolitan areas in developing countries that have a large population and experience rapid urbanization [30].




2.2. Study Area


This study examines Bekasi Regency as one of the peri-urban areas within the Jakarta Metropolitan Area (JMA), which underwent the suburbanization process and is commonly known as “Jabodetabek” (Jakarta—Bogor—Depok—Tangerang—Bekasi). The JMA is a nodal region system which consists of core and hinterland areas [42], where Bekasi Regency is the metropolitan’s hinterland [13,17]. Bekasi Regency has 126,050 hectares total area, is located in the eastern part of the JMA, and is located on the north coast of Java (Figure 2). This region is traversed by the Jakarta–Cikampek highway and North Java primary road, making it a strategic area for industrial and residential area development [40]. Based on the 2019 Statistic Central Agency (BPS) data, Bekasi Regency is a peri-urban area of the JMA with its highest population growth at 3.49% per year and a population density of 2850 people/km2 [20]. In contrast to other regencies in Indonesia, where most of the areas are still rural and the majority of its population’s occupation is farmers, Bekasi Regency has a high urban population composition reaching 83.35% while the number of families that depend on the agricultural sector is only 30%.



Based on Jakarta Metropolitan Area and Bekasi Regency spatial planning, Bekasi Regency is designated to develop industrial as well as agricultural areas. This directive is in line with West Java spatial planning, which addresses Bekasi Regency as a region for developing environmentally friendly industries [43]. Bekasi Regency consists of 4 Development Areas (DA) in which DA 1 is designated as the center of industrial and residential area development. In its development stage, DA 1 is a location for developing large industrial estates supported by transportation network development to increase its accessibility, such as improving the Jakarta–Cikampek highway and the North Java primary road [40]. In contrast, DA 3 is directed to develop the agricultural sector, while DA 2 and DA 4 are developed as transition regions (Figure 3). Most areas of Bekasi Regency, especially DA 3, are in the lowlands, which have quite extensive irrigated agricultural land with reasonably fertile soil conditions [24].




2.3. Data Collection


This study uses village-level administration as its analysis unit. The data used in analyzing the typology of the Bekasi Regency is village-level statistical data related to the five development aspects of the urban–rural development concept [28]. The urban–rural development (URD) concept is used to pay a closer attention to the five development aspects in viewing transformation of urban–rural regions [28], such as (1) the composition and rate of population growth (population aspect) [44,45]; (2) land-use structure (land-use aspect) [46,47]; (3) socioeconomic condition [48]; (4) industrial development [49]; and (5) environmental aspects [50,51,52]. Based on the five aspects of the URD concept and the availability of village-level statistic data related to URD, thirteen variables are chosen that reflect all aspects of the URD. All variables are positively associated with the URD value, with the exception being that the ratio of small- and medium-scale industries to the total population variable (I3) is inversely related (Table 1). A variable that has a negative relationship with URD means that the relationship between the variable value and the URD value is opposite so that the raw data from this variable I3 needs to be inversed. The source of all statistical data is from the Village Potential Data (PODES) in 2018, released by the Central Statistics Agency (BPS).



The population variable (K1, K2, and K3) in the URD concept denotes urbanization forces in terms of human capital as well as shows transformation and classification of a region to be considered as rural or urban areas, with population growth and density being the main characteristics on population variable [53]. The land-use (P1, P2, and P3) variable in the URD concept indicates the main activities. The land-use variable has also been used for several studies to explain urban expansion, which is often represented in built-up and agriculture land-use coverage [54,55]. The socioeconomic variables (S1 and S2) illustrate suburbanization, or more often, sprawl often shows variables concerning the negative impact of suburbanization, such as slum area and health or living quality [56]. Industrial development aspects—in this context, industrial suburbanization—are especially essential to explore in determining transformation caused by this type of suburbanization. Industrial development variables (I1, I2, and I3) represented by number, ratio, and coverage of industrial areas are used to characterize regions formed by suburbanization in industrial areas [57,58]. Significant impacts of suburbanization are directly felt by the environment, as it tends to degrade the environment in place of economic (in this case, it is majorly industrial) growth, with the most eminent variables (L1 and L2) in this context being the quality of water resources and green open space or vegetation in the region [53,59].




2.4. Data Processing


This study uses factor analysis with Principal Component Analysis (PCA) to simplify the variables (13 variables). New, mutually independent variables will be generated and will be able to explain all thirteen variables by grouping variables that have the same characteristic values [60]. Principal Component Analysis (PCA) is an analysis technique that can describe patterns of variation in multidimensional datasets and can reduce the dimensions of the dataset. PCA analysis technique is a mathematical procedure that used to reduce the dimensionality of large data sets, by transforming a large set of variables into a smaller one, called the main component. The number of main components is always less than or equal to the number of original variables. Variable simplification in PCA is defined in a way to eliminate multicollinearity between variables [61]. This simplification is achieved by transforming into a new factor (the main component) that is not correlated so that the new factor retains most of the variation that exists in all original variables [61,62]. This simplification also intends to make it easier to analyze differences in characteristics between typologies in the regions of Bekasi Regency. Factor analysis is conducted using extraction methods, namely principal component, and the rotation method used is normalized varimax. Before the factor analysis stage is carried out, data that is negatively related to the URD (variable I3) needs to be inversed using the formula in Equation (1), and all data must be standardized (Equation (2)).


   B i j   =    1  X i j     



(1)






   X i j   s t a n d a r d i z e d   =     X i . j − m e a n    (  x i  )    s t . d e v    (  x i  )      



(2)




where Xi.j = the value to be standardized from the ith row and jth column contingency matrix; mean (Xi) = the mean value of a contingency matrix in the ith row (the row where the data will be standardized); stdev (Xi) = standard deviation of the contingency matrix in line i (the row where the data will be standardized); Bij = index of inverse data; and Xij = the ith region value on the jth variable.



This study uses multidimensional data with a combination of spatial and nonspatial data to provide an objective regional classification with a compact and contiguous classification, which also make it easier to formulate a development policy used to solve the complexity of suburban regions. After variable reduction is obtained using factor analysis, then the new variable (factor) can be carried out in the next stage of analysis, quantitative zoning analysis, to see the typology and suburban area of Bekasi Regency. Quantitative zoning in its nature is a quite versatile concept, with implementation ranging from ecological uses [63], landscape management [64], to tourism management [65]. This research aims to use quantitative zoning approach to explain industrial suburbanization occurring in Bekasi Regency and its implementation to formulate a development strategy based on the zoning results.



Spatial clustering as a quantitative method is a clustering result that considers spatial attributes as one of the data’s characteristics in a way that it still aims to identify homogeneous groups of objects based on the values of their attributes [66,67]. In a spatial dataset, spatial characteristics allow data to behave differently, with neighborhood and contiguity aspects to be considered. Spatial clustering also permits generalization of the spatial component like exact location and extension of spatial objects, meaning that how data is spatially allocated in geographical space is essential to discuss and explain a better point of view [68]. In its application, spatial clustering is often used to describe the composition of a city, its spatial structure, and land-use zoning [69,70] as well as some kind of spatial phenomenon like segregation and sprawl [71,72]. Spatial clustering analysis is used in this research because it is necessary to pay attention to spatial contiguity aspects. The spatial contiguity aspect is essential in regional studies, where it is one of the applications of Tobler’s Law [36]. Tobler’s law is a critical pillar for regional or spatial studies, where the law explains that all things are related to one another, where something close to another will be linked more than the one that is far apart [36]. The spatial clustering analysis used in this study is Rustiadi’s spatial clustering method 1, with the formula presented in Equation (3) [38].


    D  i j   =       (   z  1 i  ′  −  z  1 j  ′   )  2  +   (   z  2 i  ′  −  z  2 j  ′   )  2  + … +   (   z  m i  ′  −  z  m j  ′   )  2  + β  {     (   X i ′  −  X j ′   )   2    +      (   Y i ′  −  Y j ′   )   2   }      



(3)




where Dij is the Euclidean distance value between object i and j; zi and zj attribute values for locations i and j (in univariate cases); and for attributes m, zmi and zmj are attribute values for locations i and j for zm variables (in the case of multivariate) and zmi′ and zmj′ are standardized values of zmi and zmj



Contiguity factors will be stronger (a cluster formed will be more influenced by spatial distance) when β value is β > 1 and will be weaker (a cluster formed will be more influenced by variables value) when β value is β < 1. This research uses four different spatial contiguity weights: β = 0.5, β = 1, β = 1.5, and β = 2. The selection of the four spatial contiguity weights is to compare the resulting clusters between the spatial contiguity weights β < 1 and β > 1, where β = 0.5 represents β < 1 while β = 1.5; and β = 2 represents β > 1. The clusters are then compared using CV (Coefficient of Variance) and contiguity (K) value to determine the best clusters. The CV indicator is the main indicator to determine the best spatial contiguity weight, where the lower CV value will indicate the less variety between cluster members, representing a better cluster. CV value is calculated based on standard deviation (σ) and mean (µ) value of Euclidean distance in each member of the cluster (Equation (4)). The contiguity (K) indicator is a complementary indicator of the CV indicator, which determines the best contiguity (K) value seen from the spatial contiguity weight, which has the least number of polygons.


   C V    ( % )  =    σ μ    



(4)









3. Results


3.1. Factors Determinant of Regional Typology


Factor analysis using Principal Component Analysis (PCA) aims to reduce many variables into several factors or variables that are mutually independent and identical [73]. The selection out of thirteen variables or indicators is based on the representativeness of urban–rural development (URD), the five aspects of development [28], and the availability of data at the village administration level. The thirteen variables were reduced to eleven variables after being tested using PCA, as seen from the significance value of each variable in the PCA model (see Table 2). Variables I1 and K1 were reduced from the model because they do not show a significant value on any of the factors; these results indicate that the variable did not fit in the model [73]. Each variable will be significant (>0.70 factor loading value) on a specific factor, with the significant value shown in Table 2. For example, the percentage of built-up area (P1), percentage of non-paddy field area (P2), and the percentage of settlement area (P3) have significant values at factor 1 (Table 2). Variables that have a significant value on the same factor can be interpreted that these variables have the same characteristic values in each case (village) or that the value of factor represents the characteristics of these variables. The PCA model produced in this study is considered valid, as shown by a high cumulative eigenvalue percentage, reaching 78.24% or exceeded 70% [73].



Based on the significance value (0.70), the eleven variables are then reduced to four factors, which means that the factor value will represent the characteristics of the variable value that is significant on that factor. Each factor in the PCA model has an eigenvalue value, reflecting the level of importance of the variables in a PCA model [73]. Factor 1 has the largest eigenvalue value in the PCA model produced, with a 3.96 eigenvalue score, which means that this factor is the most important distinguishing factor and has characteristics unique to other factors (Table 3). Despite experiencing variable reduction, these four factors still represent the five aspects of development in URD, namely land-use, industrial, socioeconomic, population, and environmental aspects. For example, factor-2 is a representation of industrial development, and it is reflected in the value of a significant variable in this factor: the number of small- and medium-scale industries (I2) and the ratio of small- and medium-scale industries to the total population (I3).



The function of factor analysis using PCA is to reduce the number of variables by creating several factors representing a number of variables and that are mutually independent [73]. The nature of independence is shown from the spatial pattern of each factor’s value, where each factor has a different spatial pattern (Figure 4). The division of high, medium, and low levels for each factor value is based on the natural break method, in which this method is designed to optimize the adjustment of a set of values into natural classes, where villages with a high value on the map will be green. In contrast, those of low value will be brown. For example, villages that have a high value for factor 1 (representing physical development aspects or urban land-use) are concentrated in DA 1, while villages that have a low value for factor 1 are concentrated in DA 3 (Figure 4).



Based on spatial pattern in factor 1, it can be concluded that the built-up area is concentrated in DA 1, whereby in the directive from Bekasi Regency spatial planning, DA 1 is indeed directed for the development of industrial and residential areas. DA 1 is the location of the Tambun and the Cikarang regions, both of which are large industrial areas and densely populated settlement areas [5,17]. DA 3 has a low value on factor 1 because it is mostly agricultural, especially paddy field, while the northern part of DA 4, which also has a low value, is a mangrove conservation area [24].




3.2. Regional Typology Using Spatial Clustering Analysis


The regional typology principal in regional development planning is often implemented in the zoning scenario. This implementation functions to facilitate the efficiency of a region’s management to provide a better and more detailed policy and development direction [74]. As a method of determining regional typology, spatial clustering has a function to group regions with similar characteristics and pays attention to spatial proximity [38]. Regional characteristics are described through the values of each factor in each village (spatial unit). In this spatial clustering analysis, three clusters are formed, namely urban, rural, and desakota—a region with a mixture of urban and rural characteristics and is mostly found in metropolitan areas in Indonesia. Determining the selected spatial contiguity weights is based on the lowest coefficient of variation (CV) value [38] and regional contiguity aspects [37]. β = 0.5 is the spatial contiguity weight with the lowest CV value (Table 4). This study uses four spatial contiguity weights, where the maximum weight used is weight two because the weight test has shown that higher weights (β > 1), in this context weights 1.5 and 2, show a high CV, which means that the variation in values in each cluster is very diverse. Varying variations in values within one cluster indicate that the members in the cluster are not homogeneous and that the spatial grouping on these weights is more biased towards proximity or spatial contiguity.



In contrast, viewed from the aspect of contiguity (Figure 5), weight 1 is the best result because there is less fragmentation in each cluster or because it is more compact compared to the 0.5 weight with a smaller contiguity value (Table 4). Based on the CV value and contiguity aspect, weights 0.5 and 1 are the best in describing the typology of the regions in Bekasi Regency. In the aspect of regional development, the delineation of more compact and contiguous regions is the most efficient in terms of management and development [37]. On that basis, weight 1 is the chosen weight to describe the typology of urban–rural in Bekasi Regency because the delineation produced by weight 1 is more compact and contiguous than weight 0.5.




3.3. Characteristics of Each Regional Typology on Bekasi Regency


The cluster division in the spatial clustering analysis is based on the plot of means for each cluster (Figure 6). The characteristics of the mean plot for each cluster are indicated by the degree of difference in the value of each variable. In the plot of the means graph, there is a graph of factors 1–4 (representing the urban–rural characteristics of each cluster) and a graph of the variables X1 and YI (illustrating the spatial/locational characteristics or coordinates of each cluster), where each cluster’s characteristics are represented by the plot of means of each different factor (Figure 6). The translation of graphs for each cluster into urban, rural, and desakota typologies is based on literature studies, especially the zoning concept in Southeast Asia’s peri-urban [5,8,12,14,22,23,37]. Cluster 1 is characterized as a desakota region because it has built-up density at the medium level, highly developed small and medium industries, and has a wider green open space than urban regions. Cluster 2 has characteristics of a rural region, which is characterized by the low level of built-up area and a moderate level of population and socioeconomic development. Cluster 3 has characteristics of an urban region indicated by the conditions of densely built-up areas, high rate of population, and high rate of socioeconomic development. The characteristics of each cluster are presented in Table 5.



The spatial pattern of regional typologies produced by this spatial clustering (contiguous) method is not much different compared to the noncontiguous clustering method, where urban regions are concentrated in DA 1 while rural regions are in DA 3 (Figure 7). The difference is seen in the polygon fragmentation, where in the spatial clustering method, the polygon is more compact and contiguous compared to the noncontiguous clustering method [38]. This difference is the result of spatial variables inclusion (x and y coordinates) so that, for villages that are outliers, the typology will be equated with the surrounding dominant typology [38]. Compact and contiguous zoning is required in regional development policies, in which compact and contiguous areas will be more efficient in its management [37,38,74].



Based on the zoning and characterization results using the spatial clustering method, urban regions are located in DA 1, precisely in the Tambun region (Tambun Selatan, Tambun Utara, and Cibitung subdistrict) and the Cikarang Region (Cikarang Utara, Cikarang Selatan, and Cikarang Barat subdistrict), both containing large industrial and settlements areas. Rural regions are located in almost all subdistricts of DA3 and DA 4, both of which are agricultural areas and mangrove conservation areas [24]. Desakota is a region with mixed characteristics between urban and rural [17], where the typology of this region is spread out in DA 1 and DA 2 surrounding the urban region in Bekasi Regency. Desakota region is often the object of study in the peri-urban development in Southeast Asia because of the different land-use patterns and socioeconomic characteristics compared to peri-urban areas in Europe [22]. Based on literature studies, the desakota region in metropolitan Jakarta is identified as an urban–rural interface area [22], where this area is a direct encounter/interaction between urban and rural land-use. In the case of Bekasi Regency, the development of a desakota region is supported by developing the small and medium industrial area [23,40].





4. Discussion and Conclusions


4.1. The Impact of Suburbanization on Regional Typology


The characteristics of suburbanization in the peri-urban area of Asian metropolitan, especially Southeast Asia, are more due to the process of urban core expansion to the direction of the peri-urban area [10,15]. The process of expansion led to the formation of the Extended Metropolitan Region (EMR) of the metropolitan area in Southeast Asia, especially in the Jakarta Metropolitan Area (JMA), which has been the focus of this study [7,8,9]. Urban core expansion and industrialization processes are the main factors that led to suburbanization in the peri-urban areas of the JMA, especially Bekasi Regency [17,31,40]. Generally, the more continual space of the urban and rural dichotomy was provided in the context of the Extended Metropolitan Region (EMR), where expansion from the large metropolitan core goes into the corridors or spaces between the metropolitan core into a smaller satellite/secondary city [7].



Peri-urban areas in Southeast Asia, especially Bekasi Regency, has high population densities (even in rural regions) and overall mixed land-use nearing the peri-urban areas; a new classification called desakota has emerged to explain this phenomenon [2,11]. This study that characterizes regional typology was formed in Bekasi Regency using the quantitative zoning method (spatial clustering method). The use of the quantitative zoning method in regional typology was formed in an area still rarely used, especially in Indonesia [38,75]. The use of quantitative zoning is beneficial in carrying out the zoning process with many variables and producing zoning that takes into account the spatial contiguity aspect [38].



The results showed that Bekasi Regency has two urban zones, namely the Cikarang region and the Tambun region. The Cikarang region is a large industrial and residential area, while the Tambun region is a settlement expansion from Bekasi City. Apart from experiencing suburbanization due to urban expansion, Bekasi Regency is also experiencing post-suburbanization driven by development of the industrial sector, creating two urban zones in this city [2]. The urban region characteristics of Bekasi Regency are similar to the urban region in Southeast Asia, which is generally dominated by urban land-use coverage, low to no agricultural area, and most developed industrial estates (medium and big industrial area). The urban region in this research is considered adjacent contiguous built-up areas that may extend even outside the core city zone [6,26]. Urban regions have a distinct characteristic where migration and industry flow towards and outwards of this region, resulting in high population density and slum area. Industrial development in this region would not be as massive as other regions due to the already developed industrial estates [11].



The desakota region of Bekasi Regency, which is located between urban and rural regions, is a “chaotic region” where most expansion and suburbanization impact directly on this region, often resulting in “chaotic land-use” if poorly regulated [11]. Agricultural land-use in the desakota region of Bekasi Regency is threatened with land conversion due to the highest industrial development, as most industrial development (regulated or not) happens in this region [2]. This has resulted in the flow of migration and industry towards this region as urban regions have become more saturated and too competitive for new industries to grow and prosper. Rural regions are located in the northern part of Bekasi Regency, have a relatively low urban land-use, and are still dominated by agricultural areas. However, due to the increasing rate of suburbanization and expansion that was headed this way, industrial development and an increase in population and slum areas were inevitable. Rural regions are not the firm region within the mega-urban region context, as this zone could act as the “boundary” of the urban expansion and could limit its expansion [6,26].




4.2. Desakota and Rural Regions Play an Essential Role in Sustainable Development on Bekasi Regency


The suburbanization process in the peri-urban area of the Jakarta Metropolitan Area (JMA), including Bekasi Regency, tends to be unsustainable. The suburbanization process raises a number of sustainability issues, including conversion of agricultural areas to built-up areas [23,24], regional imbalance between urban and rural regions of JMA [23], changes in agrarian structure in the peri-urban area of JMA [76], and spatial and social segregation between the rich and the poor [4,21,25]. Food security is also an issue that needs to be considered in Bekasi Regency because, as a peri-urban agriculture area of JMA, agricultural area tends to be converted into urban area due to the direction of urban physical growth headed into the desakota and rural regions of Bekasi Regency, which will then threaten its agricultural land [22].



Desakota regions act as a resource frontier providing inputs (natural and human capital), especially food security, to be used for urban activities, which might become a severe issue in ecological sustainability if not taken seriously by the government [22,25]. Rural regions in Southeast Asia are often high-productivity rice-growing areas, which then act the same as the desakota region: as a resource provider for maintaining urban activity [6,26]. Maintaining the sustainability of desakota and rural regions as agricultural areas is essential, especially in maintaining ecological balance and food security in Bekasi Regency. The results of this study will help to identify rural and desakota regions that need to be maintained sustainably. Besides, the results of this study can become the basis for typology-based regional development policy so that the sustainability issues in Bekasi Regency can be solved.



Regarding the future development of this research, this research has several weaknesses where the characterization of suburbanization is only based on one-year data, even though suburbanization is a dynamic process. This constraint is due to the very limited village-level temporal data in Indonesia. Further development of the research can be done mainly in the spatial clustering method used, Rustiadi’s spatial clustering method 1, because, at β > 1, spatial proximity aspects become too dominant over other regional characteristics variable. Besides, there needs to be a more precise indicator to assess contiguity aspects such as CV calculation, and there needs to be depth studies of environmental variables that can describe rural–urban transformation in the Southeast Asia region.
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Figure 1. Research framework. 
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Figure 2. Research area location (Bekasi Regeny in the Jakarta Metropolitan Area (JMA)). 
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Figure 3. Bekasi Regency spatial planning map. 
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Figure 4. Spatial patterns of each factor value in each spatial unit (village). 
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Figure 5. Map of regional typology on each spatial contiguity weight. 
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Figure 6. The plot of means for each regional typology. 
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Figure 7. Comparison of Contiguous and Non-Contiguous Method on Bekasi Regency Regional Typologies. 
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Table 1. Variables of every aspect of urban–rural development.
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	Code
	Variables
	Aspect
	Relationship on

URD





	L1
	Vegetation density index
	Environment
	+



	L2
	Percentage of the family who does not live in

the river bank
	Environment
	+



	I1
	Percentage of large-scale industrial area
	Industry
	+



	I2
	Number of small- and medium-scale industries
	Industry
	+



	I3
	The ratio of small- and medium-scale industries to the total population
	Industry
	-



	K1
	Population density
	Population
	+



	K2
	Proportion of village population to

subdistrict population
	Population
	+



	K3
	Population growth rate
	Population
	+



	S1
	The ratio of population unaffected by diarrhea to total population
	Socio-Economic
	+



	S2
	The ratio of families who do not live in a slum area to total of families
	Socio-Economic
	+



	P1
	Percentage of built-up area
	Land-Use
	+



	P2
	Percentage of non-paddy field area
	Land-Use
	+



	P3
	Percentage of settlement area
	Land-Use
	+
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Table 2. Factor analysis results using Principal Component Analysis (PCA) (factor loading).
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	Variable
	Factor 1
	Factor 2
	Factor 3
	Factor 4





	K2
	0.05
	0.04
	0.85
	−0.06



	K3
	−0.05
	−0.13
	0.79
	0.01



	L1
	−0.04
	0.16
	−0.11
	0.74



	L2
	0.08
	−0.13
	0.05
	0.79



	S1
	0.54
	0.03
	0.74
	−0.11



	S2
	0.40
	0.04
	0.77
	0.05



	P1
	0.88
	−0.07
	0.28
	0.04



	P2
	0.86
	0.04
	−0.07
	−0.04



	P3
	0.94
	−0.01
	0.23
	0.08



	I2
	0.10
	0.94
	0.15
	−0.03



	I3
	−0.11
	0.93
	−0.19
	0.08



	Eigenvalue
	3.96
	1.85
	1.63
	1.17



	% Total variance
	35.97
	16.78
	14.82
	10.67



	Cumulative Eigenvalue
	3.96
	5.80
	7.43
	8.61



	Cumulative %
	35.97
	52.75
	67.57
	78.24
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Table 3. Eigenvalue score on each factor.
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	Factors
	Variables
	Eigenvalue Score





	Factor 1 (Urban land-use)
	Percentage of built-up area (P1)

Percentage of non-paddy field area (P2)

Percentage of settlement area (P3)
	3.96



	Factor 2 (Medium-scale

industrial development)
	Number of small and medium scale industries (I2)

The ratio of small and medium scale industries to the total population (I3)
	1.85



	Factor 3 (Population and socioeconomic development)
	The proportion of village population to subdistrict population (K2)

Population growth rate (K3)

The ratio of population unaffected by diarrhea to total population (S1)

The ratio of families who do not live in a slum area to total of families (S3)
	1.63



	Factor 4 (Environmental quality)
	Percentage of the family who does not live in the river bank (L3)

Vegetation density index (L1)
	1.17
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Table 4. Coefficient of Variance (CV) and contiguity (K) values of each weight in each cluster region.
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	Cluster
	The CV Value for Weight 0.5
	The CV Value for Weight 1
	The CV Value for Weight 1.5
	The CV Value for Weight 2





	Cluster 1
	58.76
	45.20
	41.11
	42.68



	Cluster 2
	55.20
	52.36
	61.27
	33.38



	Cluster 3
	54.24
	52.01
	30.16
	30.75



	Mean
	56.07
	49.86
	44.18
	35.60



	St Dev
	1.95
	3.30
	12.89
	5.12



	CV
	3.47
	6.61
	29.17
	14.38



	Contiguity

Value (K)
	10
	8
	3
	3
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Table 5. Characteristics of each regional typology on Bekasi Regency.
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	Cluster
	Factor 1

(Urban Land-Use)
	Factor 2 (Medium-Scale Industrial Development)
	Factor 3 (Population and Socioeconomic Development)
	Factor 4

(Environmental Quality)





	1 (Desakota)
	Medium
	High
	Medium
	High



	2 (Rural)
	Low
	Medium
	Medium
	Low



	3 (Urban)
	High
	Medium
	High
	Medium
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