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Abstract

:

Metropolitan Urban Mamminasata South Sulawesi, Indonesia as the object of study is explored in the core-peripheral spatial interaction towards the formation of suburban service centers. The problems raised in this study are (i) is there a relationship/correlation between spatial integration, spatial interaction, and urban agglomeration to the formation of urban activity systems and (ii) how the formation of urban activity systems works as a determinant of economic growth, land use change and environmental quality degradation towards sustainable development in the metropolitan city of Mamminasata. Comparative studies of suburban areas have been carried out over three time periods (2001, 2015 and 2019). Data elaboration on observations, surveys and documentation is done to describe urban dynamics in terms of economic, social and environmental aspects. Path analysis is used to address direct effects, indirect effects, differences, and dependencies between urban elements. The gravity model is used to analyze the spatial interactions of the core city with the periphery. The study results show that spatial integration, spatial interaction and urban agglomeration have a positive effect on the system of urban activity and economic growth in the outskirts of the Mamminasata Metropolitan area. The results of this study recommend policy makers and urban planners that land use change, spatial integration and urban spatial interactions on the spatial scale of metropolitan cities to require the implementation of sustainable development concepts oriented towards saving the environment, ensuring fairness in economic access and creating social cohesion, in line with meeting national Metropolitan city development targets by 2030.
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1. Introduction


Urbanization is a process related to economic growth and expansion of the core metropolitan city towards urban growth in the periphery. Migrant workers moving to urbanized areas constitute a floating labor pool that provides flexible and cheap labor for urbanization processes [1,2]. Urbanization is identical to the development of the main cities in developing countries which are dominated by workers with low wages, for the purpose of getting a job and welfare. Capital accumulation in the main city which dominantly tends to lean on the economic growth triggers over-urbanization, maximum compaction and land use change. Cities are characterized by a growing proportion of knowledge workers and by the service orientation of economic activity [3].



City urbanization towards mega urbanization has penetrated the second layer of cities in a country [4]. The second city category is cities with a smaller status than the main city. The development of the city which dominantly is in meeting the needs of housing and infrastructure, becomes the determinant of the increasing accessibility, land use change and the conversion of productive agricultural land. The policy strategy and housing prices are the main factors affecting accessibility and several factors that do not dominate are also identified from the surrounding land use patterns [5].



Economic growth and the diverse needs of urban communities have an impact on the increasing pollution and decreasing environmental quality. In the last three decades, urban developments in many global cities, such as Shanghai in China, Singapore, and Jakarta, Indonesia, are marked by the proliferation of high-rise buildings [6,7]. The pressure from the population on space that tends to increase due to urbanization, migration and suburbanization of urban suburbs causes changes in land use, conversion of productive agricultural land, use of open land, and other ecology and threatens the culture and values of community life [8]. The orientation of regional development, both urban and rural, is no longer based on economic development alone, but is based on sustainable development [9]. In urban areas, the spatial configuration of urban elements is vital to the sustainable development of cities [10]. The meaning of sustainable development lies in the issue of how the natural environment should be treated in order to play a role in economic sustainability as a resource and to improve the living standards [11]. Furthermore, the key to sustainable development of the metropolitan city in the future is oriented to the utilization of renewable resources for the purpose of maintaining environmental balance.



The unification of spatial and metropolitan urban spatial interactions is basically a fairly complex problem in terms of spatial use and land use change for the development needs of socio-economic activities. The problem brought about by the compact form of the city is the mismatch between physical space and socio-economic activities [12]. Agricultural land conversion that is quite intensive towards economic growth causes a decrease in the quality of the environment. City Region is seen as a driving force for regional development and economic growth of a country [13]. Metropolitan urban areas of Mamminasata in South Sulawesi are designated as national strategic areas in terms of the economy and regional development center in Eastern Indonesia. Changes in land use and urban agglomeration that tend to develop in the metropolitan city have caused various problems that are quite complex in terms of spatial, economic, social and environmental aspects. The growth of cities leads a lot of problems like environmental degradation, traffic congestion, poverty, crime and other social conflicts [14,15].



The spatial integration and metropolitan urban agglomeration caused changes in spatial structure, spatial patterns, typology and morphology towards the formation of quite complex social area structures [16]. Service centers and global-oriented economic growth became the driving force of population migration and suburbanization in the suburban of Metropolitan Mamminasata. While cities atop the global hierarchy of the world’s urban places attract wealth, glamour, and prestige, they are also said to be socially polarized to a greater degree than other cities and to attract international migrants disproportionately [17]. Conversion of productive agricultural land that continues to increase and the complexity of spatial use due to urban agglomeration has an impact on spatial segregation and changes in people’s lifestyles [18,19,20,21].



Land use change is an increase in land use or a change in the function of a land at different time periods. In this case the land which was originally used for agricultural activities in the suburban urban area of Metropolitan Mamminasata has been converted into housing and settlements, industry, trade and services, offices and other urban activities. [22], mentioned that integrated multi-level stakeholder assessment of the framework can comprehensively assess the impact of land use actions on sustainable development and support of regional land use decision making. [23], asserted that the distribution of land use change is basically grouped into sections, namely (i) elongated patterns following the road, (ii) elongated patterns following the river, (iii) radial patterns, (iv) scattered patterns, (v) elongated patterns following the coastline, and (vi) elongated patterns following the coastline and railroad tracks. he driving factors for land use change in the Mamminasata Metropolitan suburbs are influenced by three main factors, namely (i) an increase in population due to urban urbanization, (ii) the value and price of land in the suburbs is quite low, (iii) government policies in terms of meeting people’s needs for housing and settlements and other urban activities and (iv) allocation of space for functions industry, trade and education that require a large enough area of land and the choice is located in the outskirts of the Mamminasata Metropolitan area.



Spatial integration is the integration of city and region systems into a unified whole. Spatial integration in this study is interpreted as a process of adjustment between different elements into a pattern of activity in cities and regions that have a harmonious function. [24], states that the density of the structure built is a prerequisite for spatial proximity individuals and actors—residents, employees, inventors, entrepreneurs or creative people—and closeness in turn has a complex influence on urban behavior patterns and economic processes and social interaction. Thus spatial integration is a middle ground between a centralized approach that emphasizes growth in metropolitan urban areas and decentralization which emphasizes the spread of investment in development resources in small and rural cities. [25], advocated the establishment of a spatial system that integrates urban and rural development.



In the case of the Mamminasata Metropolitan City, it has a tendency to grow dynamically in line with the dynamics of demographic, economic and physical-spatial development. The authors of [26] confirmed that exurban development is defined a discontinuous, low-density expansion into fringe land, emphasizing dependency on private mobility, soil consumption, and depolarized economic structures. Physically, Metropolitan Mamminasata urban areas are growing expansively towards the outskirts, even beyond the administrative boundaries of their territories. If related to the limited carrying capacity, especially land and water resources, the increasing need for basic urban infrastructure becomes an increasingly serious problem to be addressed. Furthermore, when viewed from the spatial aspects, the spatial structure, and the pattern of urban space utilization formed tend to be expansive and show symptoms of urban sprawl that are increasingly out of control and convert fertile agricultural lands in the periphery with various environmental impacts. On that basis it is very important to formulate sustainable development of the Mamminasata Metropolitan urban suburbs.



Interaction between regions and between cities is a mechanism that describes the dynamics that occur in an area due to human activities. The activities referred to in this study include work mobility, migration, information flows and commodity flows, student mobility and other urban activities. The authors of [27] mention the spatial interaction among city clusters is one of the main drivers of urban growth. The spatial interaction in this study is contextualized in the pattern of physical, economic and social relations between the Makassar core city and the location of the periphery as a unity of the Metropolitan Mamminasata urban system, in this case the interplay of mutual influence. The core-periphery relationship is characterized by a pattern of population mobility and highly intensive circular migration. The authors of [28] stated that migration trends among countries in the five categories are described, and a tentative explanation of these patterns is offered. The phenomenon of spatial expansion in the core city of Makassar results in a movement of activities in the form of people, goods and services from the core city to the periphery. This condition occurs due to the availability of opportunities for the development of various functions of urban activities, which then develops towards the spatial interaction of the core city of Makassar and the urban suburbs of Metropolitan Mamminasata.



Urban agglomeration is understood as a number of cities in the Metropolitan Mamminasata urban system which are integrated into physical and economic, social and cultural unity. The urban agglomeration referred to in this study is the unification of the core city of Makassar to several surrounding cities, among others; urban Gowa Regency, Maros Regency Urban, Takalar Regency Urban, and surrounding suburbs. The unification was then formulated in the development concept of the Mamminasata Metropolitan City. The concept of comprehensive agglomeration is not easily understood by the people, even though they have actually experienced interdependence and interdependence in and between the entire Metropolitan Mamminasata urban area. Thus, the periphery is experiencing continuous urbanization. Urban agglomeration that continues to increase then develops towards urban conurbation. This condition is marked by the Makassar City development center zone as the core city connected with Maros City, Sungguminasa City and Takalar City which continue to grow and their influence on the surrounding urban suburbs. The structure of urban agglomeration space has been considered important factors affecting regional functions and sustainable development [29].



Sustainable development is understood as development that meets the needs of the present without having to reduce its ability to meet the needs of future generations. Implementation of the concept of sustainable development in the context of this study is oriented to optimizing the use of environmental resources and environmental sustainability for the purpose of maintaining environmental quality. The affirmation of the concept of sustainable development in this study is focused on several actions, namely (i) preserving the functions and capabilities of suburban urban ecosystems, (ii) optimizing the use of technologies that do not damage the environment, (iii) preserving the capabilities and functions of suburban urban ecosystems, (iv) using procedures and procedures that pay attention to the preservation of the functions and abilities of ecosystems to support life, (v) sustainability and increase resources by creating and expanding employment, preservation and efficient use of energy, prevention of pollution (water and air), and (vi) policy formulation in terms of efficient use of energy at the cost of production minimal and use the maximum energy possible. The authors of [30] mention that infrastructure modernization and sustainable economic development through rational use of resources, implementation eco-technology, and technology modernization from all industrial sectors.



Spatial integration and urban agglomeration characterized by economic growth have an impact on changes in spatial attributes and the driving force of spatial interaction towards the formation of the urban system of the Mamminasata metropolitan urban suburbs. The argument then becomes the basis in the formulation of the concept of this study. Departing from the arguments built, the research questions that will be answered in this study are (i) is there a relationship/correlation between spatial integration, spatial interaction, and urban agglomeration to the formation of urban activity systems in suburban Metropolitan Mamminasata and (ii) how does the formation of the urban activity system work as a determinant of economic growth, land use change and environmental degradation towards sustainable development in the suburban Metropolitan Mamminasata urban area?




2. Conceptual Framework


Urban urbanization which tends to increase and maximum compaction in the core cities in the Mamminasata Metropolitan urban system, causes spatial expansion and polarization of socioeconomic activities towards the periphery (see Figure 1). The role of urban planning and management, population, policy, and distance to the capital city emerge as driving forces for the expansion of towns [31]. Urbanization is a process of shifting dominance between three modes of urban growth: fill, expand edges and jump over [32]. Furthermore, most of the rural settlements were located close to the urban construction land, and changes in the rural settlement area were more pronounced with decreasing distance to the closest urban construction land, illustrating the effect of urban sprawl on rural settlement changes [33].



Excessive urbanization of the core city of Makassar has led to changes in land use towards the spatial integration of the core city and the outskirts of the Mamminasata Metropolitan area. Trends in global urbanization and a booming world population, demand for urban and rural construction, land has increased dramatically [34]. Spatial integration that runs parallel with urban agglomeration causes spatial interaction towards the formation of the Metropolitan Mamminasata urban activity system. The understanding of the spatial interaction among cities will help to strengthen the functional linkage within urban agglomeration, optimize the spatial layout of industries, promote the competitiveness of urban agglomeration, and provide policy implications for regional sustainable development [35]. Furthermore, spatial interaction associated with rural–urban migration, information, capital, and commodity flows among cities across space in a city cluster affects the growth and spatial patterns of hierarchical cities [36]. The conceptual framework of this study, in the following figure.



2.1. Spatial Interaction and Urban Agglomeration


Spatial interaction is understood as a regional dynamic that shows the movement of humans in relation to natural resources between two or more cities. The relationship is shown by the population mobility, circular migration, information flow and commodity flow. Urban growth driven by migration occurs closer to the central metropolitan area where peri-urban areas transition to peripheral land so that they emerge as an expansion of urban parts [37]. Spatial interactions are influenced by three main factors, namely: First, complementary areas, in this case are different areas of resources which cause very large flows and generate high spatial interactions [38]. The spatial interactions between the settlement network, as the basic representation of human activity, the natural landscape, as a crucial element of the natural system, and the dynamic zones of economic activities, as a parameter that encompasses crucial attributes of both human and natural systems [39].



Second, the opportunity to react, namely the possibility of an area that blocks the flow of commodities between regions to interact. As modern society emerged, and the human population condensed into urban areas, industrialisation freed many people from reliance on direct consumptive interactions with nature [40]. Third, ease of transfer in space, in this case the distance function measured by cost and time factors, including the special character of the commodity being transferred. Transfer flows that are likely to occur, namely economic flow, social flow, political flow, and communication flow. Displacement occurs between origin and destination underlines that the costs incurred by spatial interactions are lower than the benefits derived from those interactions [41].



These three factors have a direct relationship with Newton’s law of gravity, in this case socioeconomic interaction. This means that there is a parallel relationship between migration and population mobility. Furthermore, the interaction between the two places is influenced by the amount of social activity and production produced by the community in the two places, the distance between the two places, and the magnitude of the effect of the distance on the two places. The authors of [42] stated that transportation accessibility is one of the most significant location factors for households and companies, and as such is a potential driver of urban development that has the potential to strengthen itself. Furthermore, accessibility is a measure of the convenience or ease of location and land use that interact with each other, and the ease or difficulty of the location is achieved through transportation [43].



The more network systems available, the easier accessibility is obtained, and vice versa the lower the level of accessibility, the more difficult the area is reached from other regions [44]. Spatial interaction and transportation models are used to facilitate the explanation and prediction of patterns of human and economic interaction over geographic space [45]. Furthermore, over time, particularly since improved accessibility conditions have enabled much faster travelling, more people have come to travel more frequently (although a suppressed demand is still present and inequalities are considerable) to more distant destinations, major cities in particular, for mainly social motives [46]. The strength of economic linkages between cities is closely related to distance, population, and levels of economic development [47]. Furthermore, urban land laws in the post-revolutionary era can be considered as one of the most influential factors in the expansion of the city [48].



Urban agglomeration is understood as the union of several cities into one physical, economic and social cultural unit. An urban agglomeration comprises not only the central city, but also its suburbs that form a functional area of unity with the city concerned [49]. In this study, it is contemplated that the urban agglomeration of Metropolitan Mamminasata is the physical, economic, and social integration of the core city of Makassar, the urban area of Gowa Regency and the urban area of Maros Regency. Agglomeration economics arising from market processes used to explain urban growth [50]. Furthermore, the intensity of development in the periphery areas is due to the relatively low land value when compared to the land value in the core city and limited land for the development of various socio-economic activities. In core metropolitan areas where land is scarce, and land values are usually much higher than in non-core peripheral areas [51]. The urban agglomeration of the Mamminasata Metropolitan suburbs is characterized by the grouping of socioeconomic activities towards community segmentation and socio-economic segregation. Spatial segregation has an enormous impact on poverty [52]. Segregated areas of settlements having complex social-economic problems [53].



Conversion of productive agricultural land in suburban Metropolitan Mamminasata urban areas oriented to economic activities, services, transportation infrastructure, and large-scale settlements is positively associated with an increase in population. The large urban population forces cities to be bigger and more complex than before, which leads to increased demand for transportation and meeting housing needs [54]. The location with dense urban form was more likely to contain more facilities for activities and services than a low-density built environment [55]. Urbanization increases the concentration of people and critical services in cities, which also upscale their exposure to acute shocks and long-term stresses such as floods, earthquakes, climate change or social dynamics [56], and reveal the interaction of migration and level of development, suggesting the importance of geographic location besides the socio-economic factors [57]. Furthermore, ecological degradation gradually exhibits a restrictive effect on socioeconomic subsystem, further restricting the improvement of the coordinated development [58]. Accessibility to main roads, cities and services had a positive impact while proximity to industrial lands had the most negative effect on growth patterns [59]. Urban growth, related to its physical configuration, population and the socio-economic composition of its population [60]. The relationship between urban depreciation and economic development and provides important information for the government in formulating urban development policies [61].




2.2. Establishment of Urban Activity System and Sustainable Development


The city system formed in the Metropolitan Mamminasata urban case is a combination of a group of cities that are functionally interdependent in one area and affect the surrounding area. The city system includes the distribution of city services, business indexes, and the virtues of the city and the function of the city as a single metropolitan urban system. Urban agglomeration that tends to increase has an impact on the formation of the Metropolitan Maminasata urban activity system and the triggering factor is the support of the main road corridor that functions to connect the City of Maros, Maros Regency and Sungguminasa City, Gowa Regency which is a supporting city and hinterland of the core city of Makassar. The city center has a considerable potential role in regional and rural development [62]. The road network is one indicator to measure the sustainability of urban deployment for urban areas and for new urban development areas [63]. This uncoordinated and unplanned urban growth along the periphery of the metropolitan area causes shrinkage of agricultural land and environmental resources [64]. Transportation infrastructure system connectivity has an impact on increasing mobility and circular migration from the periphery to the core city of Makassar. Functional socio-economic transport system that accommodates the mobility, safety, comfort and convenience of all inhabitants [65]. Spatial strategic planning of the city is an important factor in coordinating activities of organizations, individuals, groups and the private sector and physical organization of the city [66].



Infrastructure system connectivity and population mobility from the periphery to the core city of Makassar have an impact on the integration of the urban system and economic growth in the Mamminasata Metropolitan area towards the change in typology and morphology of the periphery. The form of urban area development that occurs in the built area along the main road corridor has a tendency to form a concentration of urban activity and its focal point is characterized by the presence of a residential area, a shopping center, services, and economic activities that are compactly integrated. The rapid process of urbanization and suburbanization, ad hoc and unplanned spatial distribution and allocation of spatial activities will have an impact on decreasing environmental quality [67]. Differences between city centers and peripheral locations indicate that location plays at least some important roles, in combination with income and governance factors [68]. The importance of population characteristics in understanding population-environmental relations and interactive value generated from the meeting point of motivation then develops towards social relations [69,70].



Spatial integration in the direction of economic growth is positively associated with the intensity of the construction of business centers, large-scale settlements, services, offices, education, and other socio-economic activities in the outskirts of the Mamminasata Metropolitan area. The framework and arrangement of retail planning will require the support of political decision making [71]. The potential sprawl is based on the comparison between the rate of population growth and that of built-up areas [72]. Furthermore, planning aspects of its retrofit (de-sprinkling), a true challenge for land management, arguing that the even partial inversion of many negative effects is basically impossible in the short term; whereas, in a medium-long term, organized and politically coordinated programs can tackle the various issues [73]. Thus, accelerating the growth of the Metropolitan suburbs of Mamminasata in the future, it is very important to be oriented towards sustainable development. The local improvement of ecosystem services provided by constructing green infrastructure, or the rigid spatial restraint created by urban growth boundary and infrastructure will require holistic comprehension and actionable approaches to the city as the nexus of environmental context, built infrastructure, and human communities [74,75].





3. Materials and Methods


3.1. Methodological Framework


This study uses a sequential explanatory approach, which is a combination of quantitative and qualitative approaches in sequence. The qualitative method, used to construct hypotheses based on phenomena that develop in the field. While quantitative methods are descriptive, comparative, and associative and test hypotheses based on the results of qualitative studies using path analysis. The works relevant to this study include: (a) a research by [76] which established rapid urban expansion during the pre-crisis period, mainly in the manufacturing and housing development were converted from significant proportions of agricultural land; (b) a study by Gradinaru et al., [77] which asserted that the shape of the urban areas changed from being compact to the city with “more dispersed patterns. However, specific processes of urban expansion, such as sub-urbanization or peri-urbanization, affect the vast majority of the analyzed cities influenced by the development level of the urban area; (c) in Indonesia, a study by [78] indicated suburb transportation in metropolitan areas increased migrant proportion, change in job structure, number of formal and informal economic activities, and income. This process resulted in transformation of social-economic structure from agrarian characteristics to urban industries and created job orientation difference and spatial segregation. The three results of the studies are associated with spatial transformation in development of suburb of Mamminasata Metropolitan located in intersection. This confirms the change in suburb land-use due core city expansion and spatial transformation process caused differences in economic interest and spatial segregation in suburb of Mamminasata Metropolitan.




3.2. Study Area


This research was carried out in the Mamminasata Metropolitan urban suburbs by establishing three study sites, namely (i) the suburban area of Hertaning-Samata, (ii) the suburban area of Manggala, and (iii) the suburban area of Moncongloe-Pattalassang. The study location is chosen based on consideration; (a) Spatial patterns and urban activity systems developed in the three study sites are very complex and varied (b) Spatial integration and spatial interaction have a tendency towards socio-economic polarization, (c) The three suburban areas are connected with the urban transportation system of the Mamminasata Metropolitan City, and (d) Differentiation of socioeconomic patterns of activity has a tendency towards urban agglomeration and the formation of quite complex social territory structures.



Excessive urbanization and maximum compaction are determinants factor that influence changes in land use and spatial interactions towards the formation of a system of activity and economic growth in the urban suburbs of the Metropolitan Mamminasata (see Figure 2). The first part begins with an analysis of aspects of spatial integration and land use change. These two aspects are then examined using a qualitative approach, for the purpose of constructing research hypotheses. The hypothesis is then tested using Path Analysis. The regional economic approach is examined to analyze the economic growth of the Mamminasata Metropolitan Area. The next step is to categorize the research variables, they are spatial integration (X1), spatial interactions (X2), urban agglomeration (X3), urban activity systems (Y), and economic growth (Z). The measurement of variables using an interval scale is based on indicators of spatial patterns, population movement systems based on travel destinations for economic and social interests. The field process carried out was to validate the data through focus group discussion activities.




3.3. Method of Collecting Data


Quantitative data collection was carried out in two stages, namely (a) field observations, aimed at observing changes in land use, distribution of flows of goods and human, economic growth, urban activity systems, urban agglomeration, and the patterns of urban spatial linkages of Metropolitan Mamminasata, and (b) surveys, which is used to understand the characteristics of the population based on socio-economic conditions and the travelling patterns of the population from the area of origin to the destination. Respondents determine by random sampling. The number of respondents is 400, with the consideration such as (i) intensity of population movements, (ii) patterns of socioeconomic activities, and (iii) a system of urban activities that are established. The results of observations and surveys were then elaborated using the results of documentation studies related to the Metropolitan Mamminasata urban development plan. Documentation study uses content analysis and spatial interaction analysis for the purpose of describing spatial patterns and the distribution of urban activity locations in the three study locations (see Figure 2).



Referring to the research objectives to be achieved, the data requirements in this study consist of (a) observation and survey, including data; (i) spatial integration data related to infrastructure network systems and urban transportation systems, spatial activity patterns, spatial use, and urban spatial functions. Data sources obtained through field observations and satellite imagery. The aim is to map land cover and thematic maps, landscape configuration, typology and morphology of the suburban Metropolitan Mamminasata urban area, (ii) spatial interactions, including data; Metropolitan Mamminasata urban road network system, patterns of economic linkages between core cities and suburbs, population mobility includes migration patterns and travel destinations, (iii) urban agglomeration includes; data on the characteristics of settlements, trade and services, education, and urban socio-economic activities of the Metropolitan Mamminasata, (iv) urban activity systems, including data, spatial patterns, spatial functions, and transportation network system connectivity, (v) economic growth data including; the development trend of the Metropolitan Mamminasata urban economic activity sector (2016–2019), and the gross regional domestic product (GRDP) data of Makassar City, Gowa Regency, and Maros Regency. (b) Domuntation data includes the Metropolitan Mamminasata urban development policy and the Mamminasata Metropolitan Urban Spatial Plan.




3.4. Data Analysis Method


The acceleration of development towards economic growth is positively associated with changes in the transportation system of the suburban area Metropolitan Mamminasata. This condition is characterized by the existence of road corridors; (i) Hertasning-Samata as long as 9 km, which functions to connect Makassar City with Gowa Regency and Maros Regency, (ii) Road corridor Tamangapa Raya as long as 6 km, functions to connect Manggala urban area of Makassar City towards urban area of Gowa Regency and urban area of Maros Regency, and (iii) Moncongloe-Pattalassang urban area from the direction of Makassar City to Gowa Regency and Maros Regency is connected through the 8 km Yasin Limpo corridor. Those three road corridors lead to urban and area spatial integration and urban areas to the spatial interaction direction physically, economically and socially. Spatial interaction and transportation models are used to facilitate the explanation and prediction of patterns of human and economic interaction over geographic space [45]. Over time, particularly since improved accessibility conditions have enabled much faster travelling, more people have come to travel more frequently (although a suppressed demand is still present and inequalities are considerable) to more distant destinations, major cities in particular, for mainly social motives [79]. The dynamics of the suburban area of Mamminasata Metropolitan is marked by the changes in the use of space for various urban functions, such as housing and settlement covering an area of 2333.25 Ha, trade and services covering an area of 181.84 Ha, education covering an area of 15.75 Ha and other urban activities covering an area of 12,472.86 Ha. The diversity of activities developed has caused spatial interactions in the direction of the distribution of the flow of goods and people.



This research departs from the phenomenon of the development of suburban Metropolitan Mamminasata urban areas very quickly and revolutionarily, marked by changes in land use, conversion of agricultural land that is quite intensive, changes in spatial structure and spatial patterns towards the formation of social complex structures that are very complex. Changes in land use are characterized by the allocation of space for trade and service development, large-scale settlements, recreational facilities, shopping centers, educational facilities and other urban activities. Spatial integration and urban agglomeration lead to spatial interactions, the formation of a system of activities towards economic growth. Path analysis is an extension of multiple linear regression, and which allows the analysis of more complex models [80]. Path analysis in this study is used with the following considerations: (i) analyzing the relationship between variables based on a priori models, (ii) explaining why the variables are correlated using a sequential model temporarily, (iii) drawing and testing a mathematical model with using the underlying equation, (iv) identifying the pathway that causes a particular variable to other variables that it affects, and (v) calculating the magnitude of the effect of one or more exogenous independent variables on other endogenous dependent variables.



The path analysis in this study is based on variables, namely (i) X1 exogenous independent variable (spatial integration) with the indicator being assessed; transportation systems, spatial diffusion, and distribution of the flow of goods and services, (ii) X2 exogenous independent variables (spatial interactions) with the indicators being assessed; human and goods flow, movement of ideas and information movement, and transportation related to material and energy flows, (iii) X3 exogenous independent variable (urban agglomeration) with indicators assessed as grouping activities of settlements, trade, services, education, health, industry, tourism and offices, (iv) Y endogenous dependent variable (urban activity system) with assessed indicators; economic space function, social space function, the relationship between spaces, and the hierarchy of service centers, and (v) Z endogenous dependent variable (economic growth), with indicators assessed; sectors of economic activity, regional income, and level of income per capita of the community.



Path analysis in this study uses linear regression method (see Figure 3). Assumptions that are built, namely (i) the regression model must be feasible. This feasibility is known if the significance value on ANOVA of < 0.05, (ii) predictors used as independent variables must be feasible. This feasibility is known if the Standard Error of Estimate < Standard Deviation, (iii) regression coefficients must be significant. Tests carried out by the T Test. Coefficient regression is significant if T arithmetic > T table (critical value), (iv) multicollinearity may not occur, meaning that a very high correlation may not occur between independent variables, and (v) autocorrelation does not occur. Autocorrelation occurs if the Dubin and Watson numbers are < 1 and > 3. The path diagram uses structural equations:


Y = PYX1 + PYX2 + PYX3 + e1



(1)







Path analysis is used with consideration of: (i) interval scale research metric data, (ii) there are endogenous and endogenous dependent variables for multiple regression models and intermediate variables for mediation models and combined mediation and multiple regression models and complex models, (iii) size a sample of 400 respondents, (iv) the pattern of relationships between variables is only one direction, and (v) the causal relationship is based on the theory that is, there is a relationship or correlation between spatial integration, spatial interaction, urban agglomeration and urban activity systems on economic growth in urban suburbs metropolitan.



Spatial interaction analysis is intended to measure the suitability of the spatial structure conditions that are built based on the interaction between spatial units, namely (a) the relationship between economics and spatial interactions, (b) accessibility between the center and a stop in an area (c) barriers to interaction and (d) explain the symptoms of location, relocation, distribution and diffusion. This analysis considers several factors, namely (i) business index, (ii) strength of attraction, (iii) magnitude of interaction, (iv) urban accessibility and stopping points. Business indexes use valuation, which are; (a) interactions (I), (b) population of two urban areas (PA.PB), (c) population of another city, and (d) distance between two cities (km).



The strength of interaction between urban areas is assessed based on considerations: (i) empirical constant number with a value of 1, (ii) population of urban area A (PA), (iii) population of urban area B (PB) and (iv) distance of urban area A and urban area B (DAB). Next stop points are measured based on: (a) the distance between the two trade centers, and (b) 1 + roots of large urban dwellers divided by small urban dwellers. Furthermore, the accessibility analysis of urban areas is used to determine the level of mobility carried out by the community. The accessibility value is measured based on indicators: (i) accessibility value, (ii) road function, (iii) road construction, (iv) road conditions, and (v) distance to the activity location between two cities.
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The affirmation of formulation used, namely: (i) IB is a business index calculated based on the number of residents between two cities. PA and PB are representations of a larger population of city A (soul) and a smaller population of city B, and d is the distance between two cities (km), (ii) IAB is the strength of interaction between regions A and B, k is an empirical constant whose value is 1, PA is the number of inhabitants of region A (soul), PB is the number of residents of region B (soul), while dAB is the distance between region A and B (km), (iii) DAB is the location of the measured stop point based on the city/region which has a smaller population (in this case, city A), dAB is the distance between city A and city B (km), PA is the larger city A population (soul), PB is the population of city B which smaller (soul), (iv) A. is the value of accessibility, K. is the average number of trips of the population, F is the function of the road (primary = 3, secondary = 2, and local = 1), T is the condition of the road (good = 3, moderate = 2, bad = 1), and d distance between two cities (km).



Regional economic analysis is used in this study for the purpose of knowing the development of urban economic activity sectors in Metropolitan Mamminasata including Makassar City, Gowa Regency, and Takalar Regency, which are associated with economic growth in the South Sulawesi Province. The analytical method used is Shift-Share. This analysis aims to assess the shifts and roles of each economic sector and changes in the structure/economic performance of the Metropolitan Mamminasata region to higher economic structures (provincial or national) as a reference. Formulation used:


PEK = KPN + KPP + KPK



(6)







The indicators assessed are: (i) changes in district/city income, (ii) provincial growth component, (iii) proportional growth component, and (iv) district/city competitiveness growth component. PEK is a change in regency/city income (Makassar City, Gowa Regency and Maros Regency), KPN, is a component of economic growth in the province of South Sulawesi (Rp), KPP, is a component of proportional growth (Rp), and KPK, is a component of district competitiveness/city (Makassar City, Gowa Regency, and Maros Regency). Research analysis framework, in the following Figure 4.





4. Result


4.1. Increase in Population and Change in Land Use


The acceleration of development in the Metropolitan urban suburbs due to an increase in population has led to the conversion of productive agricultural land to the use of quite complex spaces [81]. Relevant environmental conditions differ greatly between regions and habitat types [82]. Urban agglomeration that is developing towards service centers has an impact on spatial dynamics and the formation of urban activity systems [83]. Urban service centers supported by the construction of transportation facilities and infrastructure have led to an increase in investment flows and mobility of goods and people for socio-economic interests. Relationships or connections between bus stations have a strong effect on transportation, intra-urban mobility, social justice, and sustainable city development [84].



The increasing development investment has had an impact on typology and morphology changes in the suburban of Mamminasata Metropolitan. The continuing economic polarization cause changes in land use towards the fulfilment of socioeconomic functions, connectivity of the surrounding urban and rural areas. Determine changes in urban morphology initiated when architectural and urban forms fulfilling specific economic and social functions are no longer acceptable by local people and other city users [85]. Development of large-scale settlements, shopping centers, shops, recreational facilities and education become a driving force for suburbanization, conversion of productive agricultural land and changes in environmental ecosystems. Rapid urbanisation has created the challenge of accommodating urban growth to local eco-environmental status [86]. Increasing urban population and community groupings based on income segmentation lead to service disparities, differences in spatial characteristics and typologies of settlements based on community welfare. The polarization of the core-periphery where one dominant region shows many different parameters, while the difference between the rest of the area too minimal or does not show other regularities in the form of several spatial gradients [87].



The population that keep on increasing, running in parallel to the conversion of productive agricultural land and changes in the characteristics of rural land use towards urban systems that are quite complex (see Figure 5). The suburban area of Hertasning-Samata is marked by an increase in population of 9105 people or 1.8 percent. The suburban area of Manggala is marked by an increase in the urban population of 10,744 people or an increase of 1.6 percent. Furthermore, in the outskirts of Moncongloe-Pattalassang region, it was marked by an increase in population of 771 people or 0.84 percent. The fact found shows that the increase in population towards urban expansion in the outskirts of the Mamminasata Metropolitan area is dominantly influenced by the growth of large-scale settlements and the development of socio-economic activities causing a reduction in the number of farmers and conversion of productive agricultural land. Urban expansion will inevitably lead to the loss of high-quality cultivated land, which will lead to a contradiction between urban expansion and farmland protection [88]. Thus, it can be concluded that the three urban suburbs of Metropolitan Mamminasata have experienced changes in land use and conversion of productive agricultural land, typology, morphology and service disparity towards urban industrial communities. The service disparity is measured based on the indicators of; (i) differences in housing characteristics, (ii) education and health services, (iii) employment opportunities, and (iv) accessibility levels. Development management policies do not pay attention to the problems of the local population, especially the socio-economic services problem [89].



The allocation of socio-economic activities that tends to increase has an impact on reducing land cover, environmental degradation, infrastructure service gaps and social conflicts. High population density in rural areas and rapid growth in urban industries and services each contributing environmental pressure [90]. Furthermore, the conversion of grasslands, arable land, forests and accompanying vegetation to closed surfaces include settlements and roads [91]. This trend will continue to increase in line with spatial integration and urban agglomeration towards economic growth. The use of sufficiently complex space causes an increase in pollution and environmental degradation in the suburban of Metropolitan Mamminasata. Factors influencing pollution in urban areas and will enable wetlands to be better designed and managed to minimize their environmental impacts and maintenance costs [92].



Changes in land use in the Hertasning-Samata suburb (see Figure 6 and Table 1), show a variety of urban activities that have developed with the area of land used until the end of 2019 covering an area of 564.01 Ha. The expansion of Makassar’s core urban space towards the periphery of the Hertasning-Samata region has led to a change in typology and morphology towards a change in the characteristics of rural areas towards industrial urban areas. Furthermore, the spatial integration that developed through the support of the existence of the Hertasning-Samata road corridor led to the connectivity of the Metropolitan Mamminasata urban transportation system to its hinterland area to urban agglomeration. Spatial integration that runs in line with urban agglomeration and transportation system connectivity causes very intensive spatial interactions. Field facts found show that transportation system connectivity has an impact on the intensity of population mobility and circular migration from the periphery to the core city of Makassar.



Changes in land use in the Manggala suburbs (see Figure 7 and Table 2), show a variety of urban activities that have developed until the end of 2019, utilizing an area of 859.61 Ha. The intensity of development in the outskirts of Manggala is not only influenced by factors in the urban transportation system, but also by the presence of integrated educational facilities with settlements and tourist facilities. The results of the field confirmation illustrate that the existence of these urban activities causes the flow of transportation to be quite high from the direction of the Manggala suburb towards the core city of Makassar and vice versa. The tendency of spatial integration which developed in the periphery has led to the expansion of the core city of Makassar towards Maros Regency and Gowa Regency.



Changes in land use in the Mongcongloe-Pattalassang suburbs (see Figure 8 and Table 3), show that the characteristics of rural areas that were initially dominant, then experienced significant changes in urban industrial direction, with utilized land area of 3632.96 Ha until the end of 2019. The Moncongloe-Pattalassang urban suburb is a new urban development area created for large-scale settlements to meet the needs of the urban population of Metropolitan Mamminasata which is integrated with the By Pas road network system leading to Hasanuddin International Airport and across the urban areas of Maros Regency and Gowa Regency. Furthermore, developing spatial integration has an impact on changes in spatial attributes in the surrounding rural areas.



Changes in land use due to the increased urban activity cause spatial physical changes, conversion of productive agricultural land, environmental degradation, and differentiation of lifestyle of urban communities in the suburban of Metropolitan Mamminasata (see Figure 6, Figure 7 and Figure 8 and Table 1, Table 2 and Table 3). Changes in land use for the periods of 2001, 2015 and 2019 in the Hertasning-Samata suburb have a tendency towards the large scaled settlement development by utilizing an area of 278.86 hectares, following behind is trade and services covering an area of 63.34 hectares, and education with an area of 39.21 hectares. In the outskirts of Manggala marked by the construction of large-scaled settlements covering an area of 365.89 hectares, recreational facilities covering an area of 7.69 hectares, educational facilities covering an area of 5.38 hectares and offices covering an area of 5.32 hectares. Furthermore, on the outskirts of the Mongcongloe-Pattalassang area as a new area, the same symptoms were also found, marked by the construction of large-scale settlements with an area of 499.45 hectares and trade and services covering an area of 20.65 hectares. Difference land use change in the three periphery areas lies in the urban growth embryo, location, land price, and transportation system. These factors determine the spatial integration, urban agglomeration and socio-economic differentiation in the outskirts of the Mamminasata Metropolitan area. The main factors affecting their site selection decisions were environmental quality, land price, transportation conditions and public facilities conditions [93].




4.2. Urban Agglomeration and Economic Growth


Very complex socio-economic differentiation and urban agglomeration have an impact on the intensity of spatial interactions towards the formation of spatial structures and spatial patterns as well as the increase in formal and informal economic activities. Sustainable approaches have a positive impact on many aspects, such as social, economic and environmental aspects, and contribute to making the informal areas integrated into the city as one entity [94]. The dominant orientation of spatial use in commercial functions leads to differences in interests between migrants and local communities in terms of socio-economic capability, innovation, creativity and ownership of residential facilities based on their proximity to service centers. The character of immigrant entrepreneurship was used as an asset to find a niche for commercial activities that attracts mainstream society [95] Hierarchical service centers of the Mamminasata Metropolitan suburban in Figure 9.



The Metropolitan Mamminasata urban area was formed due to the interrelationships between the surrounding urban and rural spaces. These conditions occur due to the support of the potential of the periphery as a new development area, location factors, relatively low land values, spatial planning policies and connectivity of the transportation network system (see Figure 9). Transport or traffic services are very important factors that influence the socioeconomic status of a region and the spatial interactions of a society [96]. Field facts finding show that the linkages of the urban system based on their position and function are divided into three categories, namely (i) Makassar City as a distribution center for the flow of goods and services, (ii) Maros City and Sungguminasa City function as collecting centers, logistic distribution and commodity flows which function as nodes of different sizes and are highly dependent on urban size and the number of residents served. With economic development, the addition of new activities and transport infrastructure, spatial interactions tend to change very rapidly as flows adapt to a new spatial structure [41].



The increasing urban agglomeration in line with suburbanization has an impact on the physical integration of the region, the economy, social and culture of the periphery to economic growth and the Metropolitan Mamminasata urban service center system. The facts found in the field show that urban agglomeration is characterized by a grouping of several activities, namely (i) formal housing and settlements built by dominant developers located in strategic areas connected by main road corridors leading to the urban areas of Manggala, Hertasning-Samata, and Moncongloe-Pattalassang towards large-scale settlements, (ii) grouping of shopping centers and business centers on major road corridors causing uncontrolled urban sprawl, and (iii) the intensity of changes in spatial use have an impact on increasing population mobility and the distribution of goods and human flows towards spatial integration and physical, economic, and social spatial interactions and the formation of centers–waiter center. Hierarchical service centers that develop in the urban suburbs of Metropolitan Mamminasata in the following Figure 10.



Figure 10 shows the development of the Mamminasata Metropolitan suburbs space structure in both linear and concentric manner, as those that occur along the main road corridors, generally include residential areas, shopping centers, services, and economic activities. Field reports indicate the ease to carry out morphological control outside the built area, which currently has an empty land, with relatively flat topography [97,98]. The physical spatial development of centrifuges and concentricities was related to social, economic, and cultural changes, which occur in the life of infiltrative and expansive migrants, as well as local communities. Meanwhile, field reports show that the Mamminasata Metropolitan suburbs were in transition from rural to municipal, as a result of urbanization and suburbanization [65]. This rapid process, alongside ad hoc and unplanned spatial distribution and allocation of spatial activities, has an impact on decreasing the quality of the environment quality [99]. Furthermore, the spatial structure leads to alterations and formation of social territorial structures, due to differentiation and increasing scale of modern industrial society. However, there are three cases that underlie the process, which include (i) distribution, range, and intensity of the relationship between migrants and local communities, (ii) differentiation of space functions, and (iii) complexity of spatial organizations. Conversely, observed facts show these changes to possess a positive influence on the social relationship between migrants and local communities, towards economic alterations. Therefore, the scale of social transformation increases and is marked by the vicissitudes in the lifestyle of the urban community [100].



The developed relationship among the nodes is then develop towards the formation of the urban system and the pattern of distribution of the flow of goods and logistics in a network between the core cities, supporting cities, urban suburbs and surrounding villages. Logistics and freight distribution, as a transport paradigm, require a view of this multidimensional concept to include four core elements, namely the traditional transport costs, but also the organization of the supply chain, and the transactional and physical environments in which freight dis-distribution evolves [101]. Field facts finding show that service centers, investment development and distribution of goods flow and logistics cause the creation of market areas characterized by the accumulation of economic activity towards core-periphery relations and spatial interactions. In increasingly urban-centered international development policy, meanwhile, inclusion is now rhetorically central to the conception of better futures and appropriate ways of realizing them [102].



Spatial interaction in the urban suburbs of Metropolitan Mamminasata is influenced by four main factors, namely (i) spatial integration of core cities and supporting cities, (ii) differentiation and specialization of urban systems, (iii) organizing urban activities as a single spatial system, and (iv) distribution of goods and services from one node to another node. Circular economy is often seen as an environmental superior alternative to the take-make-dispose linear economy [103]. Thus, it can be concluded that urban systems that are built in the periphery are inseparable due to economic growth and spatial planning, both of which are interrelated and influence factors between one activity and another.



The economic structure of urban areas is closely related to the pattern of developing socio-economic activities. The accumulation of economic activities that tend to develop in Makassar City as a core city then spreads to the urban suburbs of Metropolitan Mamminasata. The urban areas of Gowa are dominant in the agriculture, forestry and fisheries sectors due to their dominance as productive agriculture. Furthermore, Maros Regency is dominant in the transportation and warehousing sector. This fact gives an understanding that the functions of the two cities are supporting cities and supporting urbanization for Makassar City. Identification of desired regional growth patterns, coordinated governance, economic and infrastructure development, and monitoring plans are key attributes of a framework that have generally resulted in acceptable regional outcomes [104]. Field facts finding shows that urban expansion of the dominant core city towards the development of large-scale settlement, trade and service functions, has an impact on increasing the productivity of formal economy businesses and urban informal economies.



The contribution of Metropolitan Mamminasata Metropolitan urban economic growth (see Appendix A, Table A1, Table A2, Table A3 and Table A4), divided into four categories, namely (i) the urban growth component of Makassar City is oriented towards the trade and services sector, (ii) the urban growth component of the dominant Gowa Regency in the sector is still dominant in the agricultural sector, (iii) the growth component of the Maros Regency is dominant in the transportation and warehouse services sector. A positive KPP value confirms that the economic sector is growing rapidly and a negative KPP means slow growth. Both of these categories directly affect the income of the Metropolitan Mamminasata region (see Figure 11). The difference in economic growth of the three urban areas is largely determined by factors of economic activity based on spatial scale, service systems and demand for goods and services. A national development approach that greatly emphasizes macroeconomic growth tends to ignore the great inter-regional development inequality that exists [105]. Thus, it can be concluded that economic growth is a determining factor for spatial interactions toward the distribution patterns of the flow of goods and services, scale of services and urban population. Shifting traditional economies to a circular economy requires a realization of eco-innovations and sustainable engineering solutions [106].




4.3. Spatial Interaction And Spatial Integration


The spatial interaction of the suburban of Mamminasa Metropolitan is influenced by several factors such as (i) dominant socio-economic activities that develop, (ii) patterns of population movement from origin to destination locations based on their intensity, (iii) distances related to physical, economic, and social spatial activity patterns between cities, (iv) allocation of spatial use. Spatial interactions are illustrated in Figure 12.



Spatial interaction in the periphery as an integrated Metropolitan Mamminasata urban system (see Figure 12) is influenced by factors; (i) suburbanization and migration of rural populations, (ii) the flow of information and communication is quite intensive, and (iii) transportation is related to the distribution of the flow of goods and services. Field facts finding show that, four things that cause the intensity of spatial interactions, namely (a) the demand for and transportation of certain commodities from the Gowa Regency and Maros Regency to meet the needs of the population of Makassar City and vice versa, (b) the demand and fulfilment of the population’s needs cause complementary flows and commodity flows to be quite high towards Makassar City, (c) the role transportation services and infrastructure support cause ease in terms of transferability and the more intensive the flow of commodities, and (d) the smaller the intervening opportunity, the smaller the commodity flow. Peri-urban areas refer to a transitional zone interconnecting rural and urban areas due to spatial transformation process [107].



Three factors cause the intensity of spatial interactions in the outskirts of the Mamminasata Metropolitan area, namely: First, complementarity, in this case is a complementary relationship between the periphery, supporting cities, and the core city of Makassar. The suburban urban area of Hertaning-Samata is directly connected with Makassar City and Sungguminasa City, Gowa Regency. The urban suburb of Moncongloe-Pattalassang is directly connected with the City of Maros, Maros Regency and Sungguminasa City, Gowa Regency. The outskirts of Manggala are directly connected with Makassar City, Maros Regency, and Sungguminasa City, Gowa Regency. Field facts found show that differences in city resources and population, cause the direction of interaction of peripheral areas are complementary that is controlled by the demand and supply of goods and services and the trigger factor is the existence of the main urban corridor of Metropolitan Mamminasata.



Second, transferability, in this case the ease of transfer of commodities and the distribution of goods and services flow that enables movement from Makassar City, Maros City Maros Regency, and Sungguminasa City Gowa Regency to the urban suburbs of Manggala, Hertaning-Samata, and Moncongloe-Pattalassang, which is supported by transportation facilities, choice of transportation modes and transport infrastructure. Furthermore, transportation costs also play an important role in the smooth delivery of goods in terms of commodity transfer speeds in the three urban suburbs. This means that the easier the transferability, the greater the flow of commodities to the urban suburb of Mamminasata Metropolitan, and the trigger factor is the connectivity of the transportation network system. Third, the intervening opportunity, in this case the spatial planning policy of the Mamminasata Metropolitan area in terms of spatial zoning arrangements, by establishing the urban suburbs of Hestaning-Samata and Manggala as centers of economic growth, as well as the Moncongloe-Pattalassang urban suburban area as a new urban development area for large-scale settlement development. These three things led to the intensity of spatial interaction towards the integration of the Metropolitan Mamminasata urban system. The average travel pattern of the population in the Metropolitan suburbs of Mamminasata is in the following Figure 13.



Spatial interactions in the Manggala suburb, the Hertasning-Samata suburb, and the Mongcongloe-Pattalassang suburb are reciprocal relationships based on proximity, location factors and urban service systems (see Figure 13). Field facts finding show that socio-economic activity and urban agglomeration that develops have an impact on the intensity of interaction between three urban suburbs. Furthermore, the strength of the interaction is influenced by two main factors, namely (i) the relationship of suburban areas is complementary, (ii) opportunities for intervention and opportunities for socio-economic activities to develop, and (iii) ease of transfer of goods and services in space due to the support of the transportation system. The movements of passengers or freight from an origin to a destination relying on several modes of transportation [108].



The intensity of Metropolitan Mamminasata urban spatial interactions is influenced by three main factors, namely (i) socio-economic conditions, level of education, livelihoods, population mobility, and socio-cultural conditions based on common interests, (ii) relatively similar topographic conditions, (iii) support of transportation facilities and infrastructure that function to connect the location of socio-economic activities are relatively similar but the function is different. The effect of urban facilities differs between different categories and sub-markets, and the effect of irreplaceable facilities is very dependent on accessibility in all sub-markets, while the effect of replaceable facilities depends on the accessibility and scarcity of these facilities [109]. Spatial interactions based on population travelling patterns in the Metropolitan suburbs of Mamminasata are shown in Table 4.



Baseline spatial interaction is basically influenced by the intensity of movement and function of socio-economic activities (see Table 4). Theoretically the power of attraction of the Moncongloe-Pattalasssang suburb to interact with the Manggala suburb is 7.38. This figure confirms that the attractiveness of the function of space to develop is more dominant when compared to the urban suburban area of Hertasning-Samata. Based on the spatial activity pattern that develops, a business index of the three suburban locations, namely (i) the highest dominant business index in the urban suburbs of Manggala to Hertasning-Samata with a value of 9468, (ii) the value of spatial interaction has a tendency toward urban Hertasning-Samata to the urban area of Manggala with a value of 7159, (iii) the highest accessibility value is in the Manggala urban area leading to the Hertasning-Samata urban area with a value of 2.0, and (v) the highest stop point is located in the Hertasning-Samata urban area leading to the Moncongloe-Pattalassang urban area with a value of 9.86.



These results confirm that population mobility, modes of transportation, infrastructure conditions and transportation barriers connecting the Hertasning-Samata urban suburbs to the Moncongloe-Pattalassang urban suburbs are far better compared to other urban areas. Likewise with other requirements, namely in terms of the flow of goods and services. The assertion is that the strength of spatial interaction and economic relations based on functions that develop between two places, is directly proportional to the number of inhabitants and to the distance between them. This means that the more the population of two places, the higher the chance of interaction. Furthermore, the further the distance between the two cities, the smaller the opportunity for interaction. Distance factors, modes of transportation, road infrastructure, and space functions that develop are positively associated with spatial interactions in the outskirts of the Mamminasata Metropolitan area. The spatial relationships between urban land use intensity and urban vitality require immediate attention so as to put forward decision-making support and suggestions for future urban development and planning [110].




4.4. The Relationship of Spatial Integration, Spatial Interaction and Urban Agglomeration to Economic Growth


Spatial integration, spatial interaction, urban agglomeration and economic growth show the interplaying relationships as a whole of the Metropolitan Mamminasata urban system (see Appendix A, Table A5). The rapid and revolutionary development of suburban areas has led to changes in land use, increased mobility of goods and people. Urban agglomeration that continues to grow and is very intensive have an impact on unification of the urban areas of Makassar City, the urban areas of Gowa Regency and the urban districts of Maros become physical, economic, and social-cultural units within the Mamminasata Metropolitan City area. Urban agglomeration, influenced by several factors, namely (i) trade functions, (ii) service centers, (iii) urban infrastructure, (iv) education centers, (v) government centers, (vi) communication centers, and (vii) organized settlement locations. These seven factors trigger the mobility of freight and human transportation in the suburban Metropolitan Mamminata area.



Interpretation of analysis results (see Figure 14), which can be confirmed are (i) the relationship or correlation between spatial integration and spatial interaction of 0.628, (ii) the relationship or correlation between spatial integration and urban agglomeration of 0.802, (iii) the relationship or correlation between spatial interactions with urban agglomeration of 0.602. The direct effect of spatial integration on urban activity systems is 5.48 percent. The direct effect of spatial interactions on urban activity systems is 14.75 percent. The direct effect of urban agglomeration on the urban activity system is 21.90 percent. The difference in figures shows that urban agglomeration has a dominant influence on the formation of urban activity systems in the outskirts of Metropolitan Mamminasata. Urban agglomeration is the spatial concentration of economic activity in cities [111].



The indirect effect of spatial integration through spatial interactions on urban activity systems is 6.53 percent. The indirect effect of spatial interaction through spatial integration on urban activity systems is 5.11 percent. The indirect effect of spatial integration through urban agglomeration on urban activity systems is 6.6 percent. The indirect effect of urban agglomeration through spatial integration is 8.78 percent. The indirect effect of spatial interactions through urban agglomeration is 9.80 percent. The indirect effect of urban agglomeration through spatial interactions is 1.42 percent. The total effect is 81.3 percent. The residual influence or residue (the effect of other variables on the urban activity system that is not examined is 18.72 percent. These results illustrate that spatial integration towards the intensity of spatial interaction and urban agglomeration becomes a driving force for economic growth toward the complexity of spatial use and its impact on environmental degradation, namely the imbalance between the built and not built spaces in the suburban Metropolitan area of Mamminasata. The implementation of modern spatial planning policies and management practices regulating urban growth alongside broad socio-economic trends has led to radical shifts in the role of public spaces in the lives of many cities [112].



The direct effect of the urban activity system on economic growth was 74.64 percent. The remaining influence (residual effect of other variables on economic growth not examined) by 25.4 percent. These results illustrate that there is a strengthening urban activity system by 81.3 percent and the effect of the urban activity system on economic growth by 18.72 percent. This means that the urban activity system causes the strengthening from 74.64 percent to 81.30 percent (an increase of 6.66 percent. Thus it can be concluded that the urban activity system that is built towards economic growth has a positive effect on the increasing economic productivity on the one hand but on the other hand has an impact on increasing environmental pollution, ecosystem imbalances and disparity in socioeconomic services in the suburbs of the Mamminasata Metropolitan.





5. Discussion


5.1. Impacts of Changes in Land Use and Environmental Quality Decline


Changes in land use in the Metropolitan Maminasata urban periphery area which are very intensive, characterized by urban agglomeration have a direct influence on the formation of the urban activity system. The system of activity, then developed towards the formation of a hierarchy of service centers. The hierarchy of service centers that are built has an impact on urban expansion. This means that going forward to the three urban suburbs will experience the effect of spatial polarization towards the surrounding rural areas. Increased urban activity that continues to be positively associated with a decrease in the environmental quality of the Metropolitan Mamminasata urban suburbs.



The parameter of environmental quality degradation is assessed based on several things that have developed, namely (i) land reclamation, due to an increase in the construction of large-scale settlements specifically developing in the suburban area of Moncongloe-Pattalassang. If this is not regulated in the zoning of spatial use, then the potential for urban flooding, (ii) improving the system of transportation transportation service movements due to population mobility for economic and social interests. This means, that if this is not regulated in a traffic management system it will have an impact on the high level of air pollution going forward, including increased settlement activities, trade and social facilities that contribute positively to increasing the volume of waste generation in the future, (iii) land use will always change, in the sense that the dynamics of the three urban suburbs of the Mamminasata Metropolitan will have an impact on the population density which is quite high and positively associated with the capacity of the space capacity and the carrying capacity of the environment. This means that it is very important to consider the distribution of clean water services and the predicted energy demand will increase in line with increasing urban activity and increasing population in the future.




5.2. Urban Activities System As Determinants of Economic Growth


The pattern of spatial activities that continues to increase both those that develop linearly along the main road corridors of the periphery, and those that develop concentrically will have an impact on the expansion of the urban suburbs of Metropolitan Mamminasata. This condition is predicted to expand and develop in the future direction of megacities. This fact is supported by several things, namely (i) the construction of a 15 km Metropolitan Metropolitan Mamminasata bypass, which connects the Moncongloe-Pattalassang urban suburb to the Hasanuddin International Airport in Maros Regency, (ii) the development of a government center located in the Pattalassang suburb that is integrated with the development of an activity center the economy developed in the Hertasning-Samata suburb, and (iii) the development of a tourism activity center in the Manggala urban suburbs that is integrated with the business center and connected to the main urban road network system. These three things will be the determinants of economic growth in the Metropolitan suburbs of Mamminasata in the future.



Economic growth due to the existence of the function of strategic economic activities is associated with an increase in population mobility on two sides, namely (i) population mobility from the periphery towards the core city for work, business and social interests, (ii) circular migration, has a tendency to increase due to the conversion of productive agricultural land towards a shift in population activities towards urban industrial activities. These two positions will have an impact on increasing traffic volume along the main road corridor and positively associating with traffic congestion. Field confirmation, shows that along the main road corridor has a tendency towards urban sprawl. This means that the main Mamminasata Metropolitan urban road corridor has controlled the surrounding land use in the direction of changing the spatial use of rural areas around the Hertaning-Samata urban and Moncongloe-Pattalassang urban areas. This condition is assessed based on three main things, namely (i) increasing population growth, (ii) urbanization and suburbanization towards the periphery, (ii) people’s preference to choose residential facilities in the periphery due to cheaper land prices, affordable and healthy air conditions. This means that people who work in Makassar City, Sungguminasa City and Maros City, will choose to live in the urban suburbs of Metropolitan Mamminasata and the tendency is to use private vehicles to go to urban locations. Furthermore, the ongoing urban sprawl is positively associated with the inadequate condition of transportation facilities and infrastructure. In the next journey, it has an impact on the social gap between the lower middle class and upper middle class. Thus, it is very important to implement spatial zoning in the direction of sustainable development of the Metropolitan Mamminasata urban suburbs going forward.




5.3. Sustainable Development of the Mamminasata Metropolitan Suburban


Sustainable development is a development process that is oriented towards meeting the current needs without compromising the needs of future generations. The formulation of the concept of sustainable development in the suburban area of Mamminasata Metropolitan considers several interrelated aspects of one another as a unified system, namely Environmental aspects. The development process of the suburban of the Mamminasata Metropolitan area in terms of the environment that needs to be considered includes; (a) controlling environmental pollution, (b) limiting excessive conversion of productive agricultural land, (c) securing river boundaries, and (d) preparing green open space (RTH) to maintain a balance between the use of built and non-built land and controlling potential the threat of natural disasters. The importance of conservation for maintaining biodiversity, or ecological functions and saving environmental ecosystems [108]. The growing involvement of cities in the fight against climate change is probably one of the most significant features of today’s environmental governance [113].



Economic aspects, which need to be considered in the future include; (i) equitable and wise access to economic resources for the community, (ii) developing productive economic efforts based on the local economy, (iii) reducing inequality by limiting land tenure dominance and economic productivity assets. These three things will require policy support from the government in terms of decision making oriented to the principle of conservation of natural resources. Conservation programs have a positive impact on environmental values and the involvement of government roles [114]. Conservation of renewable natural resources and promotion of economic growth are both sustainable development goals [115]. Urban agglomeration and ever-increasing changes in spatial use causes ecological environmental vulnerability and threaten social and economic development [116].



Social aspects, which need to be considered in the future includes (i) creating social cohesion, (ii) overcoming social conflict, (iii) encouraging active community participation, and (iv) establishing an environmental awareness culture. Community resilience has garnered attention from both practitioners and academia in recent years due to the intensifying consequences associated with natural hazards and their negative impacts on sustainable urban development [117]. Urbanization and migration that tend to increase in line with increasing economic productivity in the outskirts of the Mamminasata Metropolitan area have a direct impact on environmental degradation, evapotranspiration and groundwater replenishment. Urbanization induces an increase in run off volume and a decrease in evapotranspiration and groundwater replenishment [118].



Aspects of government policy are oriented to spatial use and control of spatial use. This aspect in its implementation requires strategic steps, namely (a) tightening the space use licensing in locations that must be protected, (b) reducing excessive use of water and energy resources, and (c) optimizing the wise use of natural resources. Despite all existing agreements and regulations related to cultural heritage, there is a significant gap between regulations and what is implemented in the real world [119]. Metropolitan urban development policy in the future will require the role and participation of the community in anticipating changes in land use towards sustainable development. Creators of the new strategic vision imagine large-scale citizen involvement, bottom-up community and private initiatives through empowerment and ownership, from the design phase to the implementation [120].



The Metropolitan suburb of Mamminasata towards sustainable development is an integral, dynamic and complex part of the natural physical environment, the artificial environment, and human and social systems. The meaning of sustainable development in the Mamminasata Metropolitan suburban is viewed on the concept of equitable, healthy and productive development balance, which is supported by conducive environmental conditions. On a global scale, most resources are currently consumed in cities, contributing to the economic importance of urban freight transport as well as its poor environmental performance [121]. Thus the concept of implementing a city plan is needed so that, it is capable of accommodating all the interests of the community in terms of disaster resilience, welfare improvement and the creation of social cohesion. Happiness, generativity and social preferences are pivotal factors for the betterment and sustainability of societies [122]. Urban system concept towards development sustainable Mamminasata Metropolitan suburban in the following Figure 15.



Strategic steps that need to be realized in sustainable development in the Metropolitan urban areas going forward (see Figure 14), i.e., (i) physical handling of the environment (ii) development of economic potential and (iii) creation of social cohesion. These three basic principles will require the support of development policies from the government. Managing community-based and historically sensitive urban landscapes is a very important social and professional task [123]. Globally, the balance of ecosystem services in urban agglomerations is increasingly influenced by coupled human and natural systems [124]. The dynamics of the development of the metropolitan periphery in the future is very important to maintain the balance of ecosystems as manipulation of human embodiments and the natural environment as a medium for the implementation of socio-economic development, spatial integration and sustainable urban agglomeration. Cities are highly integrated within an urban agglomeration, which renders the agglomeration one of the most important carriers for global economic development [125].



Metropolitan urban sustainable development orientation is realized through; (i) economic equality through the principle of justice towards increasing the productivity of community economic efforts, (ii) social justice through creating social cohesion by utilizing social capital owned by community groups as an integrated urban system, and (iii) managing the urban environment through controlling environmental pollution and develop an environmentally conscious culture. Diverse land uses are needed to provide a good balance between the provision and non-provision of ecosystem services [126].



Sustainability of the development of metropolitan suburban areas is oriented to a number of environmental, economic and social rescue measures, namely (i) to create a balance of green ecosystem-based development through the preparation of green open space and maintaining the existence of water catchment areas and securing river benefit areas, (ii) to maintain stable economic growth by restructuring productivity systems to save resources and energy, (iii) to ensure social justice in the distribution of wealth and social services, and (iv) to protect the living environment so that it is comfortable, safe and zero emission. Urban regions are important places of ecosystem service demands and, at the same time, are the primary sources of global environmental impacts [127]. With the development of ecological science, the demand to integrate ecosystem services into ecological management is increasing. Stakeholders are interested in comparing stocks and abilities to supply ecosystem services in different regions [128]. The success of sustainable development is not only placed in the economic sector but requires the support of power, in this case the government, for the purpose of equity and prosperity. The provision of ecosystem services from multifunctional landscapes has contributed to human well-being [129].





6. Conclusions


Land use changes due to urban expansion of the core city towards core-periphery spatial interactions. The triggering factors for Metropolitan Mamminasata urban spatial interactions are the Hertasning-Samata road corridor, which connects Makassar City with Gowa Regency and Maros Regency, Tamangapa Raya Street corridor that connects Makassar Manggala urban area towards urban Gowa Regency and Maros Regency road, and Yasin Limpo Road from directions Makassar City towards Gowa Regency and Maros Regency. The three road corridors lead to spatial integration between cities and urban areas of Metropolitan Mamminasata urban areas towards physical, economic, social, and spatial interaction as well as the distribution of goods and services. Spatial integration that runs parallel to spatial interaction and urban agglomeration has an impact on the formation of urban activity systems and the hierarchy of Metropolitan Mamminasata urban service centers.



The strength of spatial interaction and socio-economic relations between the core city and the periphery based on the developing spatial function, is directly proportional to the number of inhabitants based on the distance factor and the location of the activities between the core city and the periphery. The more the number of population, the higher the chance of interaction between urban areas, the farther the distance between two cities, the smaller the opportunity for interaction. Distance factors, modes of transportation, road infrastructure, and spatial functions that develop are positively associated with spatial interactions in the urban suburbs of Metropolitan Mamminasata.



Economic growth is positively associated with increasing economic productivity on the one hand but on the other hand it has an impact on increasing environmental pollution, ecosystem imbalances and disparity in socioeconomic services in the suburban urban areas of Mamminasata Metropolitan. Spatial integration towards the intensity of spatial intereaction and urban agglomeration is a driving force for economic growth towards the complexity of spatial use and its impact on environmental quality degradation, namely the imbalance between the built and unbuilt spaces in the urban suburbs of Metropolitan Mamminasata.



The future implementation of Metropolitan Maminasata’s urban sustainable development will be oriented towards handling actions, namely (1) Environmental aspects including actions; (a) controlling environmental pollution, (b) limiting excessive conversion of productive agricultural land, (c) securing river banks, and (d) preparing green open space. (2) Economic aspects, including action; (i) access to economic resources for the community fairly and wisely, (ii) developing productive economic enterprises based on local economies, (iii) reducing inequality by limiting the dominance of land tenure and assets of urban economic productivity. (3) Social aspects, including actions; (i) creating social cohesion, (ii) overcoming social conflict, (iii) encouraging active community participation, and (iv) building an environmentally conscious culture. (4) Aspects of government policy include policies, namely (a) tightening space use licensing in locations that must be protected, (b) reducing excessive use of water and energy resources, and (c) optimizing the wise use of land and natural resources. These four actions are in line with the national Metropolitan City development program in Indonesia and fulfillment of the SDGS 2030 target.



The results of this study contribute to the development of regional economics, built environment science, geography, and regional and city planning. This study explicitly has implications for government policy making to reduce urban service disparities on the spatial scale and imbalance of the Metropolitan Mamminasata urban ecosystem. The development disparity index can be improved going forward by considering several indicators from various dimensions, including development of government and community capacity, optimization of urban economic resources, global climate change and community social capital based on data availability, spatial scale and time periods.
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Table A1. Economic Growth of the Mamminasata Metropolitan Area.






Table A1. Economic Growth of the Mamminasata Metropolitan Area.





	
Number

	
Economic Sectors

	
Mamminasata Metropolitan Urban Area

	
South Sulawesi




	
Makassar

	
Gowa Regency

	
Maros Regency




	
2014/2015

	
2018–2019

	
2014/2015

	
2018–2019

	
2014/2015

	
2017–2018

	
2014/2015

	
2018–2019






	
1

	
Agriculture, forestry, and fishery

	
663,715.90

	
808,428.97

	
3,233,565.03

	
3,708,332.48

	
1,749,999.44

	
2,202,311.92

	
54,099.10

	
64,874.40




	
2

	
Mining and excavation

	
1591.97

	
1102.08

	
295,061.68

	
427,992.83

	
736,330.96

	
1,142,053,77

	
15,802.95

	
16,778.09




	
3

	
Processing Industry

	
23,283,376.53

	
29,380,566,39

	
663,809.74

	
811,124.76

	
2,337,241.31

	
2,733,882.15

	
35,547.21

	
40,788.01




	
4

	
Procurement of electricity and gas

	
32,518.97

	
50,468,56

	
18,914.95

	
24,324.25

	
9661.13

	
10,649,54

	
230.44

	
292.44




	
5

	
Procurement of Water, garbage processing, waste and recycle

	
252,232,59

	
307,684.75

	
14,076.39

	
1765.91

	
10,807.30

	
12,171.65

	
302.86

	
366.97




	
6

	
Construction

	
19,585,347.65

	
28,760,382.82

	
1,093,063,53

	
1,390,947.66

	
573,016.72

	
735,098.20

	
29,967.28

	
37.8872.19




	
7

	
Wholesale and retail trade, car and motorcycle repair

	
20,909,471.47

	
31,753,861.05

	
1,197,766.19

	
1,585,644.38

	
354,445.70

	
419,031,59

	
34,915.41

	
47,132,15




	
8

	
Transportation and warehousing

	
2,998,784.72

	
4,110,019.78

	
151,312.01

	
181,622.81

	
3,161,029.82

	
4,175,994.61

	
9142.46

	
1,177,768




	
9

	
Provision of accommodation and food drinks

	
2,671,179.86

	
3,698,770,59

	
247,751.01

	
329,238.00

	
34,748.70

	
41,548.67

	
3370.06

	
4612.02




	
10

	
Information and communication

	
10,142,002.49

	
14,801,742.91

	
1,064,298.49

	
1,423,443.84

	
143,700,52

	
168,702.06

	
15,712.60

	
21,028.66




	
11

	
Financial service and insurance

	
6,831,498.94

	
9,706,799,51

	
240,243.90

	
289,657.77

	
147,007.27

	
169,505.45

	
8662.54

	
10,754.89




	
12

	
Real Estate

	
4,944,278.20

	
5,957,040.88

	
776,597.24

	
963,116.85

	
150,430.95

	
178,653.94

	
9197.42

	
10,695.90




	
13

	
Corporate Service

	
1,359,868.05

	
1,897,195,13

	
12,181,932

	
15,463.14

	
2621.64

	
3060.33

	
1,059,53

	
1363.67




	
14

	
Government administration, defense and compulsive social security

	
4,226,349.09

	
5,494,161,12

	
570,415,52

	
632,192.43

	
373,169.04

	
453,024.00

	
11,362.13

	
13,114,34




	
15

	
Education service

	
10,446,235.40

	
14,484,266.38

	
468,941.01

	
594,121.44

	
174,907,32

	
193,918.35

	
13,378.00

	
17,217.12




	
16

	
Health service and social activity

	
3,092,320.38

	
4,483,768.91

	
191,462.43

	
237,653.13

	
69,991.73

	
84,108.67

	
4845.17

	
6208.38




	
17

	
Other service

	
2,991,353.50

	
4,470,399.45

	
141,524.70

	
190,537.10

	
37,714.20

	
44,603,51

	
3207.83

	
4366.71




	
Total

	
114,432,125,9

	
160,207,659.28

	
10,380,218.68

	
12,822,878.78

	
10,066,823.74

	
12,768,318,40

	
250,802.99

	
309,243.63








Source: author elaboration, input: reference [90].
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Table A2. Absolute Value of Economic Growth in Makassar City.
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Number

	
Economic Sectors

	
The Absolute Value of Economic Growth in Makassar City




	
When

	
KPP

	
KPK

	
PEK






	
1

	
Agriculture, forestry, and fishery

	
1,057,065.14

	
−924,868.15

	
(116,439.18)

	
144,713.07




	
2

	
Mining and excavation

	
2535.45

	
−2437.21

	
(1335.13)

	
(489.89)




	
3

	
Processing Industry

	
37,082,199.82

	
−33,649,482.60

	
(4,268,916.21)

	
6,097,189.86




	
4

	
Procurement of electricity and gas

	
51,791.24

	
−43,041.99

	
7426.57

	
17,949.59




	
5

	
Procurement of Water, garbage processing, waste and recycle

	
401,717.48

	
−348,324.39

	
(40,639.64)

	
55,452.16




	
6

	
Construction

	
31,192,545.21

	
196,836,957.61

	
225,597,340.43

	
9,175,035.17




	
7

	
Wholesale and retail trade, car and motorcycle repair

	
33,301,407.04

	
−25,985,279.96

	
5,768,581.09

	
10,844,389.58




	
8

	
Transportation and warehousing

	
4,776,005.49

	
−3,911,636.66

	
239,383.12

	
1,152,235.06




	
9

	
Provision of accommodation and food drinks

	
4,254,246.59

	
−3,269,843.19

	
428,927.40

	
1,027,590.73




	
10

	
Information and communication

	
16,152,629.86

	
−12,721,275.80

	
2,080,467.11

	
4,659,740.42




	
11

	
Financial service and insurance

	
10,880,166.30

	
−9,230,085.98

	
476,713.53

	
2,875,300.57




	
12

	
Real Estate

	
7,874,489.85

	
−7,068,948.51

	
(1,111,907.63)

	
1,012,762.68




	
13

	
Corporate Service

	
2,165,789.77

	
−1,775,437.19

	
121,757.94

	
537,327.08




	
14

	
Government administration, defense and compulsive social security

	
6,731,082.21

	
−6,079,316.11

	
(585,154.99)

	
1,267,812.03




	
15

	
Education service

	
16,637,165.49

	
−13,639,381.72

	
844,884.66

	
4,038,030.98




	
16

	
Health service and social activity

	
4,924,974.78

	
−4,054,936.77

	
428,832.14

	
1,391,448.53




	
17

	
Other service

	
4,764,170.18

	
−3,683,495.79

	
786,903.66

	
1,479,045.95








Source: author elaboration, input: reference [90].
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Table A3. Absolute Value of Economic Growth in Gowa Regency.
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Number

	
Economic Sector rs

	
The Absolute Value of Economic Growth in Gowa Regency




	
When

	
KPP

	
KPK

	
PEK






	
1

	
Agriculture, forestry, and fishery

	
5,149,927.65

	
−4,505,875.65

	
(797,543.17)

	
474,767.45




	
2

	
Mining and excavation

	
469,929.10

	
−451,721.96

	
(23,729.13)

	
132,931.15




	
3

	
Processing Industry

	
1,057,214.59

	
−959,347.72

	
(148,222.96)

	
147,315.02




	
4

	
Procurement of electricity and gas

	
30,124.84

	
−25,035.76

	
(711.51)

	
5409.30




	
5

	
Procurement of Water, garbage processing, waste and recycle

	
22,418.72

	
−19,439.00

	
(2173.09)

	
3189.52




	
6

	
Construction

	
1,740,864.35

	
10,985,523.65

	
12,376,471.31

	
297,884.13




	
7

	
Wholesale and retail trade, car and motorcycle repair

	
1,907,618.73

	
−1,488,525.90

	
97,118.48

	
387,878.19




	
8

	
Transportation and warehousing

	
240,986.62

	
−197,372.49

	
(15,749.68)

	
30,310.80




	
9

	
Provision of accommodation and food drinks

	
394,579.90

	
−303,276.83

	
25,961.17

	
81,486.99




	
10

	
Information and communication

	
1,695,051.80

	
−1,334,966.60

	
88,477.24

	
359,145.35




	
11

	
Financial service and insurance

	
382,623.73

	
−324,595.21

	
(34,937.44)

	
49,413.87




	
12

	
Real Estate

	
1,236,845.27

	
−1,110,318.98

	
(147,202.13)

	
186,519.61




	
13

	
Corporate Service

	
19,401.52

	
−15,904.67

	
(441.53)

	
3281.21




	
14

	
Government administration, defense and compulsive social security

	
908,470.57

	
−820,503.98

	
(188,311.55)

	
61,776.91




	
15

	
Education service

	
746,857.49

	
−612,284.25

	
(18,162.81)

	
125,180.43




	
16

	
Health service and social activity

	
304,932.07

	
−251,063.26

	
(13,410.13)

	
46,190.70




	
17

	
Other service

	
225,398.89

	
−174,270.82

	
16,266.28

	
49,012.40








Source: author elaboration, input: reference [90].
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Table A4. Absolute Value of Economic Growth in Maros Regency.
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Number

	
Economic Sectors

	
The Absolute Value of Economic Growth in Maros Regency




	
When

	
KPP

	
KPK

	
PEK






	
1

	
Agriculture, forestry, and fishery

	
2,787,131.36

	
−2,438,571.61

	
(236,259.69)

	
452,312.48




	
2

	
Mining and excavation

	
1,172,715.30

	
−390,948.15

	
751,105.62

	
405,722.81




	
3

	
Processing Industry

	
3,722,400.36

	
2,681,825.72

	
5,415,707.87

	
396,640.84




	
4

	
Procurement of electricity and gas

	
15,386.77

	
12,260.46

	
22,910.00

	
988.41




	
5

	
Procurement of Water, garbage processing, waste and recycle

	
17,212.21

	
13,095.01

	
25,266.66

	
1364.35




	
6

	
Construction

	
912,613.36

	
7,244,571.40

	
7,979,669.60

	
162,081.48




	
7

	
Wholesale and retail trade, car and motorcycle repair

	
564,506.88

	
478,464.61

	
897,496.20

	
64,585.89




	
8

	
Transportation and warehousing

	
5,034,404.66

	
4,072,164.13

	
8,248,158.74

	
1,014,964.79




	
9

	
Provision of accommodation and food drinks

	
55,342.41

	
47,554.55

	
89,103.22

	
6799.97




	
10

	
Information and communication

	
228,864.20

	
192,318.86

	
361,020.92

	
25,001.54




	
11

	
Financial service and insurance

	
234,130.69

	
182,515.41

	
352,020.86

	
22,498.18




	
12

	
Real Estate

	
239,583.40

	
174,939.75

	
353,593.69

	
28,222.99




	
13

	
Corporate Service

	
4175.35

	
3374.19

	
6434.52

	
438.69




	
14

	
Government administration, defense and compulsive social security

	
594,326.55

	
430,717.27

	
883,741.27

	
79,854.96




	
15

	
Education service

	
278,565.62

	
225,100.94

	
419,019.29

	
19,011.03




	
16

	
Health service and social activity

	
111,472.12

	
89,684.21

	
173,792.88

	
14,116.94




	
17

	
Other service

	
60,065.41

	
51,339.06

	
95,942.57

	
6889.31








Source: author elaboration, infut: reference [90].
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Table A5. Comparative Development of Mamminasata Metropolitan Urban Suburbs.
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No

	
Aspects/Urban Conditions

	
Manggala Suburban

	
Hertasning-Samata Suburban

	
Moncongloe-Pattalassang Suburban




	
Characteristics

	
Indicator






	
1

	
Physical Base

	
Domination of space utilization (Ha)

	
Commercial centers, large-scale settlements and recreational facilities

	
Trade Centers and Large Scale Settlements

	
Large Scale Settlements




	
Typology of area

	
Flat

	
Flat

	
Flat




	
Conversion of farmland (Ha)

	
High Enough (182.06 Ha)

	
High Enough (351.25 Ha)

	
High Enough (610, 92 Ha)




	
Land Use Change (Ha)

	
High Enough (476.92 Ha)

	
High Enough (297.5 Ha)

	
High Enough (455.57 Ha)




	
Characteristics of early urban areas

	
Plantation and Forest Area

	
Wetland Agriculture

	
Plantation and Wetland Agriculture




	
Spatial Structure and Administrative Status

	
Regional Service Center (Makassar City Part)

	
Regional Service Center (Makassar City Part and Gowa Regency)

	
Area Service Center (The area of Maros and Gowa Regency)




	
Developmental barriers

	
The existence of Balang Tonjong Lake (water resources potential)

	
Watershed Area (Je’ne Berang River Stream)

	
Watershed Area (Tallo River Stream) and Productive Agriculture




	
2

	
Infrastructure

	
Main Road Length (Km)

	
6 Km

	
9 Km

	
8 Km




	
Drainage and Flood Control (% of Flood Potential Location)

	
45%

	
25%

	
35%




	
Clean Water Service (% of Service)

	
70%

	
80%

	
40%




	
Carry-on waste production (%)

	
60%

	
70%

	
35%




	
Waste management (%)

	
30%

	
45%

	
25%




	
Availability of Green Open Space (%)

	
6%

	
10%

	
20%




	
3

	
Economic

	
Economic Growth Percentage

	
51.83%

	
39.65%

	
39.48%




	
Dominant Economic Activity

	
Shopping, trade, recreation facilities and the business center

	
Shopping malls, Trade and Services, Higher Education

	
Trade and Services




	
Economic System

	
Dualistic (Formal and Informal)

	
Dualistic (Formal and Informal)

	
Dualistic (Formal and Informal)




	
Average Percentage of Income Per Capita

	
1:56

	
15.60%

	
15.66%




	
4

	
Social Culture

	
Population Total (Soul)

	
138,659

	
105,839

	
18,784




	
Population Density (Soul/Ha)

	
162

	
190

	
4




	
% Social Conflict (Land Conflict)

	
48

	
65%

	
70%




	
Population Mobility

	
High Enough

	
High Enough

	
Media




	
Social Structure

	
Difference in stratification, Status and Social class based on wealth and ownership of residential facilities

	
Difference in stratification, Status and Social class based on wealth and ownership of residential facilities

	
Difference in stratification, Status and Social class based on wealth and ownership of residential facilities




	
Human Behavior to the Environment

	
Relatively low community awareness

	
Relatively low community awareness

	
Relatively low community awareness




	
Cultural Pattern

	
Traditional farming community towards urban industrial

	
Traditional farming community towards urban industrial

	
Traditional farming community towards urban industrial




	
5

	
Government Response

	
Air quality

Water quality

Soil Pollution

	
The monitoring instrument is available, but has not been optimally used

	
The monitoring instrument is available, but has not been optimally used

	
The monitoring instrument is available, but has not been optimally used




	
Clean Water Supply

	
There are efforts to increase capacity and service distribution

	
There are efforts to increase capacity and service distribution

	
There are efforts to increase capacity and service distribution




	
Waste Management

	
There is a management effort but constraints are set up for the landfill

	
There is a management effort but constraints are set up for the landfill

	
There is a management effort but constraints are set up for the landfill




	
Green Open Space

	
There is an effort to add green open space but constrained land acquisition

	
There is an effort to add green open space but constrained land acquisition

	
There is an effort to add green open space but constrained land acquisition




	
Housing and Settlements

	
Integration of infrastructure and facility has not been optimized

	
Integration of infrastructure and facility has not been optimized

	
Integration of infrastructure and facility has not been optimized




	
Control of Space Utilization

	
Implementation of spatial plan not optimized

	
Implementation of spatial plan not optimized

	
Implementation of spatial plan not optimized




	
Socialization of Planning Results

	
Adaptations of spatial plan concepts not yet optimized

	
Adaptations of spatial plan concepts not yet optimized

	
Adaptations of spatial plan concepts not yet optimized








Source: author elaboration.
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Figure 1. Conceptual Framework for Spatial Integration and Spatial Interaction in the Urban Suburbs of the Mamminasata Metropolitan Area. Source: author elaboration. 
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Figure 2. (A–C) Mamminasata Metropolitan Urban Study Area. Source: author elaboration; Folder © 2019 Google. 






Figure 2. (A–C) Mamminasata Metropolitan Urban Study Area. Source: author elaboration; Folder © 2019 Google.



[image: Land 09 00095 g002]







[image: Land 09 00095 g003 550] 





Figure 3. Linearity and Path Chart. 
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Figure 4. Relationship Between Spatial Integration, Spatial Interaction, Urban Agglomeration, and Activity System of the Suburbs of the Mamminasata Metropolitan Area. Source: author elaboration. 






Figure 4. Relationship Between Spatial Integration, Spatial Interaction, Urban Agglomeration, and Activity System of the Suburbs of the Mamminasata Metropolitan Area. Source: author elaboration.



[image: Land 09 00095 g004]







[image: Land 09 00095 g005a 550][image: Land 09 00095 g005b 550] 





Figure 5. (A–C). The Development of the Population of Mamminasata Metropolitan Urban Suburbs. Source: author elaboration, input: reference [90]. 
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Figure 6. Change to Land Use in the Hertasning-Samata Suburbs. Source: author elaboration, Map© 2001, 2015, 2019 Google. 
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Figure 7. Change to Land Use in the Manggala Suburbs. Source: author elaboration, Map© 2001, 2015, 2019 Google. 
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Figure 8. Change to Land Use in the Moncongloe-Pattalassang Suburbs. Source: author elaboration, Map© 2001, 2015, 2019 Google. 
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Figure 9. Mamminasata Metropolitan Suburbs Urban Service Centers. Source: author elaboration; Folder © 2019 Google. 
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Figure 10. Comparison of the Mamminasata Metropolitan Suburbs Space Structure. Source: author elaboration. 
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Figure 11. (A–C), Components of Economic Growth in the Mamminasata Metropolitan Urban Area. Source: author elaboration, infut: reference [90]. 
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Figure 12. Spatial Interaction of Mamminasata Metropolitan Suburbs. Source: author elaboration. 






Figure 12. Spatial Interaction of Mamminasata Metropolitan Suburbs. Source: author elaboration.
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Figure 13. Example, Travel Model Average Population in the Mamminasata Metropolitan Urban Suburbs. Source: author elaboration; Folder © 2019 Google. 
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Figure 14. The Relationship of Spatial Integration, Spatial Interaction and Urban Agglomeration to Economic Growth in the Mamminasata Metropolitan Suburban. Source: author elaboration. 
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Figure 15. Sustainable Development of the Mamminasata Metropolitan Urban Suburbs. Source: author elaboration. 
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Table 1. Change to Land Use in the Hertaning-Samata Suburbs.






Table 1. Change to Land Use in the Hertaning-Samata Suburbs.





	
No

	
Urban Activities

	
Hertasning-Samata Suburbs




	
Land Use 2001 (Ha)

	
Land Use 2015 (Ha)

	
Land Use 2019 (Ha)

	
Land Use Change 2001–2015 (Ha)

	
Land Use Change 2015–2019 (Ha)






	
1

	
Service Facilities

	
0.25

	
28.75

	
97.76

	
28.5

	
69.01




	
2

	
Blank Land

	
11.12

	
25.34

	
9.81

	
14.22

	
−15.53




	
3

	
Education Facilities

	
1.51

	
8.63

	
39.21

	
7.12

	
30.58




	
4

	
Trade Facilities

	
0.54

	
2.26

	
53.53

	
1.72

	
51.27




	
5

	
Worship Facilities

	
0.28

	
2.88

	
5.46

	
2.6

	
2.58




	
6

	
Office Facilities

	
9.49

	
7.57

	
9.61

	
−1.92

	
2.04




	
7

	
Settlements

	
113.5

	
233.02

	
278.86

	
119.52

	
45.84




	
8

	
Mix Garden

	
20.42

	
6.6

	
5.11

	
−13.82

	
−1.49




	
10

	
Rice Field

	
397.07

	
234.24

	
45.82

	
−162.83

	
−188.42




	
11

	
Swamp

	
3.07

	
-

	
2.55

	
−3.07

	
2.55




	
12

	
Field

	
1.9

	
1.75

	
1.75

	
−0.15

	
0




	
13

	
Shrub

	
4.65

	
4.65

	
4.65

	
0

	
0




	
14

	
Industry

	
-

	
7.27

	
7.27

	
7.27

	
0




	
15

	
Health facilities

	
0.21

	
1.05

	
2.62

	
0.84

	
1.57








Source: author elaboration, Map© 2001, 2015, 2019 Google.
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Table 2. Change to Land Use in the Hertaning-Samata Suburbs.






Table 2. Change to Land Use in the Hertaning-Samata Suburbs.





	
No

	
Urban Activities

	
Manggala Suburbs




	
Land Use 2001 (Ha)

	
Land Use 2015 (Ha)

	
Land Use 2019 (Ha)

	
Land Use Change 2001–2015

	
Land Use Change 2015–2019






	
1

	
Service Facilities

	
8.27

	
8.27

	
8.67

	
0

	
0.4




	
2

	
Blank Land

	
138.86

	
297.35

	
200.98

	
158.49

	
−96.37




	
3

	
Education Facilities

	
0.23

	
3.49

	
5.38

	
3.26

	
1.89




	
4

	
Trade Facilities

	
4.87

	
5.09

	
5.09

	
0.22

	
0




	
5

	
Worship Facilities

	
0.31

	
0.82

	
0.99

	
0.51

	
0.17




	
6

	
Office Facilities

	
0.83

	
1.2

	
5.32

	
0.37

	
4.12




	
7

	
Settlements

	
132.76

	
271.18

	
365.89

	
138.42

	
94.71




	
8

	
Mix Garden

	
151.8

	
28.67

	
28.67

	
−123.13

	
0




	
9

	
Cemetery

	
27.08

	
27.08

	
27.08

	
0

	
0




	
10

	
Rice Field

	
307.45

	
130.31

	
125.39

	
−177.14

	
−4.92




	
11

	
Swamp

	
86.15

	
86.15

	
86.15

	
0

	
0








Source: author elaboration, Map© 2001, 2015, 2019 Google.
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Table 3. Change to Land Use in the Hertaning-Samata Suburbs.






Table 3. Change to Land Use in the Hertaning-Samata Suburbs.





	
No

	
Urban Activities

	
Moncongloe Pattallassang Suburbs




	
Land Use 2001 (Ha)

	
Land Use 2015 (Ha)

	
Land Use 2019 (Ha)

	
Land Use Change 2001–2015

	
Land Use Change 2015–2019






	
1

	
Service Facilities

	
4.29

	
12.13

	
12.13

	
7.84

	
0




	
2

	
Blank Land

	
1.11

	
11.41

	
65.4

	
10.3

	
53.99




	
3

	
Education Facilities

	
0.47

	
3.88

	
3.87

	
3.41

	
−0.01




	
4

	
Trade Facilities

	
0.85

	
8.52

	
8.52

	
7.67

	
0




	
5

	
Worship Facilities

	
0.63

	
2.18

	
2.18

	
1.55

	
0




	
6

	
Office Facilities

	
0.28

	
8.53

	
8.53

	
8.25

	
0




	
7

	
Settlements

	
69.64

	
457.5

	
587.56

	
387.86

	
130.06




	
8

	
Mix Garden

	
88.11

	
88.11

	
88.11

	
0

	
0




	
9

	
Rice Field

	
3467.58

	
3040.7

	
2856.66

	
−426.88

	
−184.04








Source: author elaboration, Map© 2001, 2015, 2019 Google.
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Table 4. Mamminasata Metropolitan Suburban Spatial Interaction.






Table 4. Mamminasata Metropolitan Suburban Spatial Interaction.





	No
	Mamminasata Metropolitan Suburbs
	Business Index
	Strength of Attraction
	Weight
	Magnitude of Interaction
	Accessibility
	Stop Point (Km)





	1
	Moncongloe-Pattalassang to Manggala
	IBMP-M = 1.037
	GMP-M = 7,38
	0,4
	IMP-M = 1.130
	AMP-M = 1,5
	2,15



	2
	Moncongloe-Pattalassang to Hertasning-Samata
	IBMP-HS = 712
	GMP-HS = 5,63
	0,4
	IMP-HS = 693
	AMP-HS = 1,3
	4,15



	3
	Manggala to Hertasning-Samata
	IBM-HS = 9.468
	GM-HS = 0,76
	0,4
	IM-HS = 7.159
	AM-HS = 2,0
	3,21



	4
	Manggala to Moncongloe-Pattalassang
	IBM-MP = 1.037
	GM-MP = 0,13
	0,4
	IM-MP = 1.130
	AM-MP = 1,5
	5,84



	5
	Hertasning-Samata to Moncongloe-Pattalassang
	IBHS-MP = 712
	GHS-MP = 0,18
	0,4
	IHS-MP = 693
	AHS-MP = 1,3
	9,86



	6
	Hertasning-Samata to Manggala
	IBHS-M = 1.037
	GHS-M = 1,31
	0,4
	IHS-M = 7.159
	AHS-M = 2,0
	2,80







Source: author elaboration.
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