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The settlement growth is potentially increased by the rural-to-urban perspective change due to the new era of aerotropolis in Kulon Progo. Land-use planning evaluation is required, especially settlement, which has a significant impact on the environment. However, land-use evaluation studies are currently focused on conforming analysis of official land-use planning (OLUP) toward existing or predicted land use partially or in combination with the performance assessment unit. Consequently, it affects the quality of policy products by disregarding crucial considerations of diverse conditions at points of time and aspects of ideality, reality, and regulation. Therefore, the objective of this study was to design a comprehensive policy allocation for settlements using a matrix allocation rule that integrates conformity and performance analysis in three aspects of planning simultaneously. Land allocation was proposed using a geographic information system (GIS) of land capability, settlement suitability, and agricultural and forest land protection. The current land use/land cover (LULC) was classified using visual interpretation of SPOT 7 satellite imagery and a multi-layer perceptron neural network (MLPNN) to predict the LULC in 2035. The result indicated that the stock of land allocation for settlement development is sufficient to meet the demands in 2035. However, there is a problem in the settlement distribution pattern in which 64.3% of existing settlements are located in non-recommended allocation. That number is predicted to increase by 1,145.8 ha. Land-use control instruments need to be conducted to prevent extensive settlement growth in non-recommended allocation. Conversely, zoning allocation should be directed to trigger the growth of settlements in recommended allocation.
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1 INTRODUCTION
Kulon Progo faces an aerotropolis era of regional development due to the construction of Yogyakarta International Airport (YIA). Aerotropolis is a concept of city development centered on the airport (airport city) and emphasizes the surrounding aviation-linked business and residential areas (Kasarda, 2019). The emergence of new airports creates accessibility (Tveter, 2017; Aguirre et al., 2019; Fernandes et al., 2019; Hubbard et al., 2019) and offers added value to the region (Blonigen and Cristea, 2015). Accessibility could trigger development and attract population growth (Baum-Snow, 2010; Chi, 2012; McGraw, 2020). The increasing activity intensity and the growing population stimulate built-up growth, especially settlements (He and Xie, 2019); land use accommodates urban activities such as trade, housing, and services.
The progress in the dynamics of urban the growth of build-up area potentially causes sprawl, which is a big challenge in realizing sustainable development (Bovet et al., 2018). Urban sprawl brings physical impact such as increased emissions (Han, 2020), mass consumption of resources (He et al., 2017), numerous changes in the structure and functioning of landscape (Solon, 2009), conversion of agricultural and forests (Kurnianti et al., 2015; Rustiadi et al., 2020), and socioeconomic problems (Giyarsih, 2010) such as the emergence of slum areas, poverty, and unemployment (Wang and Maduako, 2018).
The evaluation of land-use planning, especially settlements, should be conducted in the early phase of the aerotropolis, considering there is perspective change on regional development to mitigate the emergence of urban sprawl. Land-use planning is an important instrument to prevent urban sprawl (Wilson and Chakraborty, 2013; Bovet et al., 2018). However, the current study (Kassis et al., 2021; Mallma, 2021) has focused its evaluation only on the official land-use plan (OLUP) using performance indicators and on the existing land use (Lyu et al., 2022) to provide recommendations on land-use planning, or evaluated predicted land use in every scenario (Shi et al., 2021; Nijhum et al., 2021) separately. The study of Widiatmaka et al. (2016a) combines the evaluation of OLUP and presents land use using performance analysis. However, the analysis has not included future considerations and has no access to the planning instruments to conduct the policy. The detached analysis has shortcomings that affect the quality of policy product since it did not consider key information at different points in time. Moreover, the policy recommendation of the study that is not linked to the land-use planning instruments is probably difficult to operationalize. Consequently, the evaluation should integrate performance and conformance analysis of the present and future conditions, as well as regulation to provide a policy that accommodates the ideality, reality, and regulation aspect.
A simple decision matrix provides an integrated analysis of policy generations. The simple decision model has the robustness to conduct a policy that involves multiple stakeholders on frequently repeated decisions compared to the complex ones (Katsikopoulos et al., 2018). It is a suitable tool to generate recommendations on spatial planning policy in Indonesia, which is regularly conducted every 5 years with the participatory paradigm involving multiple stakeholders. The geographic information system (GIS) helps analyze the data input by arranging the policy spatially. GIS application has been widely used in spatial planning (AbuSada and Thawaba, 2011; Omar and Raheem, 2016; Ustaoglu and Aydınoglu, 2020). Therefore, the objective of this study was to design policy allocation for settlement development comprehensively using a matrix allocation rule and a geographic information system that integrates unit analysis of evaluation, existing and predicted land use, and the OLUP simultaneously to conduct remediation in OLUP.
2 MATERIALS AND METHODS
2.1 Study Area
The study was located in Kulon Progo Regency, Province of Yogyakarta, Indonesia, with a land area of 57,326.1 ha and a total population of 436,395 in 2020 (Statistic Bureau of Kulon Progo, 2021). The airport development is under the national strategic projects mentioned in Presidential Regulation Number 3 of 2016 and 98 of 2017. The airport construction entered its first phase in 2016–2021, which could accommodate 10 million passengers per year. The ultimate capacity can accommodate 20 million passengers per year, by 2031–2041 (Minister of Transportation, 2013).
Kulon Progo is classified into three types of development areas. First, the north cluster that has an undulating topography with the existence of Menoreh Hills. The Bedah Menoreh project that aims to develop geotourism and create a nature-based tourism village (Local Government Regulation No 2 of 2021) is indicated by the yellow line in Figure 1. Second, the east cluster has a hilly topography accentuated by the new development of the Sentolo industrial estate according to Kulon Progo Regional Spatial Plan 2012–2032, as indicated by the shaded area in Figure 1. The third is the south cluster of Kulon Progo, which is an area with flat topography. The cluster has become the center of settlement growth and infrastructure development.
[image: Figure 1]FIGURE 1 | Study area.
2.2 Data Collection
The data of SPOT 4 of 2010, SPOT 6 of 2015, and SPOT 7 of 2020 satellite imageries were obtained through Indonesia’s National Institute of Aeronautics and Space. Furthermore, base maps and infrastructure facilities were obtained from the Geospatial Information Agency. OLUP data for Kulon Progo 2012–2032 and forest area were downloaded through http://geoportal.kulonprogokab.go.id/. The soil map with a 1:50,000 scale was acquired from the Indonesian Center for Agricultural Land Resources Research and Development. Social, economic, and population data were collected through Statistics Indonesia, while the primary data were obtained through ground check and AHP questionnaire.
2.3 Methods
The research dissects three processes: analysis of present and future condition of land uses, analysis of the land allocation using multi-criteria decision analysis and a geographic information system, and arrangement of the policies using a matrix allocation rule.
2.3.1 Existing and Land-Use Prediction
Visual interpretation by on-screen digitizing based on the interpretation key (Lillesand et al., 2015) was conducted to build land use/land cover (LULC) at three time points: 2010, 2015, and 2020. Meanwhile, land use was classified using SNI 7645–1:2014. The ground check verification of 96 spots was held on December 3–10, 2020. The Kappa accuracy of 2010, 2015, and 2020, which validates LULC with the field data, was 81.2%, 81.5%, and 81.9%, respectively.
Several land-use prediction models have been used to model forecasting LULC, such as Cellular Automata (CA) (Aljoufie, 2014; Aljoufie et al., 2016), Cellular Automata-Markov (CA-Markov) (Mitsova et al., 2011; Kurnianti et al., 2015; Gong et al., 2019), SLEUTH (Saxena and Jat, 2020), and Artificial Neural Network (Tayyebi et al., 2011; Morgado et al., 2014; Gong et al., 2014; Bhatti et al., 2015). The CA and ANN combination model is provided by the multi-layer perceptron neural network (MLPNN) found in Modules for Land Use Change Simulation (MOLUSCE) (https://plugins.qgis.org/plugins/molusce/) and has been used by Hossain et al. (2021), Hossain and Moniruzzaman (2021), and Kafy et al. (2021). The forecasting LULC in this research used MOLUSCE in QGIS software 2.18.23 version. This module provided transitional potential modeling using an artificial neural network algorithm that has a high accuracy in building transitional models compared to other processes (Hossain et al., 2021), cellular automata for prediction, and Kappa accuracy for validation.
The prediction used the year 2035 to accommodate the gap of year implementation of the plan, which will be reviewed as an input in the next spatial plan. The prediction was carried out using two models: the simulation model used to validate LULC in 2020 and the simulation model to project the LULC of 2035. The LULC of 2010 and 2015 was selected to generate the first model. The modeling used a 5 × 5 pixel neighborhood to set maximum iteration and pixels for modeling. The iteration of data learning was used 10,000 times to gain stability (Eastman, 2012). The validation process for modeling predictions was conducted by comparing the simulation model LULC of 2020 and the actual land use using the validation panel. The model is said to have good accuracy when it has a Kappa value of at least 0.80 (Eastman, 2012). Furthermore, after validation, it can be used to build projected land use of 2035 with four iterations. One iteration represents 5 different time points (years) considering the trend of LULC change.
2.3.2 Land Allocation for Settlement Development
The allocation area for settlement development is constructed by considering the component of land capability as a factor of carrying capacity and suitability, which indicates the suitable strategic location of the settlement. Land capability and suitability are useful tools for building management units (De Feudis et al., 2021). Furthermore, paddy fields and forest areas are counted as limiting factors for settlement development. The island of Java, including Kulon Progo, is a national food barn. However, Kulon Progo has not delineated an official food security area and has been faced with massive urbanization, interrupting agricultural land sustainability. On the other hand, settlements are prohibited in the protected area under the Ministry of Environment and Forestry authorities.
Land capability is assessed by matching criteria of land characteristics including topography, drainage, soil texture, erosion, adequate soil depth, and particular factors such as rocks and flooding (Hardjowigeno and Widiatmaka, 2007). It is derived from USDA that was quantified by Arsyad (2012). The land capability class is divided into eight based on limiting factors and conditions in every class. The high to medium classes consist of classes I to IV, which can support cultivation activity. Classes V to VIII belong to the moderate to poor classes, which are prioritized for conservation due to severe inhibiting factors (Arsyad, 2012; Widiatmaka et al., 2015).
Land suitability analysis was conducted using GIS to carry out multi-criteria decision analysis (MCDA) and analytical hierarchy process (AHP) to weight the criteria (Widiatmaka et al., 2016b; Saxena and Jat, 2020). The criteria used include biophysical parameters such as slope, elevation, distance to rivers, distance to the coast, rainfall, and socioeconomic parameters. This consists of distance to road access, city center, trade facilities, transportation facilities, and health and education facilities. Weighting assessment involves experts to achieve an objective approach indicated by a consistency ratio (CR) of less than 10% (Saaty, 2008). Furthermore, the criteria that the expert has scored are measured to determine their influence on other criteria. This is conducted to obtain a relative ranking between criteria through pairwise comparison (Saaty, 2008). The scale of the relative ranking between variables ranged from 1 to 9. The overlay analysis using ArcGIS was calculated following the weight for every criterion to obtain suitability scores. The suitability of settlement is divided into four classes, namely, S1 (very suitable), S2 (fairly suitable), S3 (marginally suitable), and N (not suitable) using natural break.
Land allocation for settlement development is categorized into recommended and non-recommended allocations. Recommended allocation is the area that satisfies the following prerequisites: has high to medium class (I–IV) of land capability, is located in a suitable class (S1, S2, and S3), and is located in non-agricultural land (wetland agriculture) and forest area. Recommended allocation consists of Allocation I, II, and III, determined by their suitability class. Allocation I is the area that has S1 suitability class, and so on. Meanwhile, the area that does not meet the prerequisites is included in the non-recommended allocation.
2.3.3 Policy Allocation for Settlement Development
Policy allocation is decided by a simple decision matrix, considering the land allocation of settlement development, existing LULC of 2020, LULC prediction of 2035, and OLUP of 2012–2032. Furthermore, the policies are prepared using a simple decision matrix rule to be easily applied by stakeholders (Katsikopoulos et al., 2018; Pérez et al., 2020). Land allocation of settlement development represents the ideal area for developing settlements. This allocation has functioned as a performance unit analysis that will evaluate existing, predicted land use, and OLUP. Land uses are divided into three major classes: settlement (S), cultivated (C), and protected area (P), depending on the degree of environmental influence. The evaluation of predicted land use focused on settlement. The matrix integrated with conformance analysis between existing, predicted land use, and OLUP, which represents the regulation aspect. The review of OLUP was dependent on the conformance and performance analysis.
The policy allocation for settlement development is divided into two rules: the rule in the recommended area indicated by Supplementary Figure S1 in which the main policy is to trigger settlement development, and the rule in the non-recommended area indicated by Supplementary Figure S2 involving settlement growth prevention because of the shortage in allocation requirement. The rule follows the combination condition of existing (S/C/P), predicted (S), and OLUP (S/C/P). The combination condition link to the instrument of planning control policy is provided in Local Government of Kulon Progo Regency no. 1 of 2012, including zoning regulation, disincentive and incentive, land permit, and law enforcement. The alternative policy is to review the OLUP due to the irrelevant allocation or the potential threat to the environment.
3 RESULTS AND DISCUSSION
3.1 Existing and Land-Use Prediction
The Kappa accuracy of the 2020 simulation map that validates the simulation map 2020 with LULC of 2020 is 0.95. The prediction results in 2035 showed that the settlement area would increase from 4,129.3 ha to 5,863.5 ha, indicated by the bar of settlement in Figure 2A. The newly built area indicated by settlement in this research tends to grow near the existing one in accordance with the study of Luo and Wei (2009) and Zhang et al. (2011). It caused the neighborhood land use to have a more significant conversion probability. The mixed garden has a spatial distribution correlation with the settlement that causes the more extensive conversion of the mixed garden. The conversion of wetland agriculture also increased due to the low land rent. Rondhi et al. (2018) reveal that agricultural land rent is lower than housing rent, especially in the peri-urban area that encourages agricultural land conversion. The southern part of Kulon Progo is experiencing peri-urban conditions with the perspective change. The number of conversions tends to increase in the second period shown in Figure 2B, indicating the process of settlement expansion. However, the massive urbanization in the early phase of aerotropolis from the perspective of settlement growth rate remains unnoticed. The growth rate in the first period was only 113 ha and was increased to 168.6 ha in the second one. Compared with the immediate mature stage urban area, the Yogyakarta Urbanized Area (YUA) settlement growth was 329 ha per year in 2003–2013 (Wijaya and Umam, 2016).
[image: Figure 2]FIGURE 2 | The LULC changes and prediction.
Even though the growth rate of settlement is still small, the process of regional perspective change can be identified by the deviation direction of new settlement location growth. The new settlements in 2015–2020 are primarily distributed between W-SW (West-Southwest) or the surrounding airport area. The E-SE (East-Southeast), S-SW (South-Southwest), and SW-W (Southwest-West) areas also experienced an increase, although not as much as the W-SW. Generally, the area on the southern part of settlement’s mean center [indicated by the red dot in Figure 2C, which was adopted from Litasari et al. (2022)] experienced an increase during the aerotropolis period shown by the orange net in Figure 2D and spatially can be seen in Figure 2C. The result is in accordance with the study of Litasari et al. (2022), which applied perspective change using spatial mean center in three time points of settlement development. Pratiwi and Rahardjo (2018) also found increasing land price around the airport area, especially the area with good accessibility near the Daendeles and National road. It indicated that the emergence of the airport as a new growth center potentially triggered the activity shown by the deviation in the settlement’s growth location. The study conducted by Wang et al. (2019) shows that the emergence of transportation infrastructure (in the case of the high-speed railway) could deviate the spatial structure.
3.2 Land Allocation for Settlement Development
Kulon Progo is dominated by non-recommended allocation covering 79% of the total area, which is distributed mainly in Menoreh Hills. According to the study of Hadmoko et al. (2010), the area of Menoreh covering 26,100 ha (45.5% total area of Kulon Progo) is prone to landslide (moderate to high risk) and, thus, is not suitable for settlement. The Bedah Menoreh project shown with a yellow line in Figure 3A will provide access, potentially triggering settlement growth. This area is grouped in Class VII and VIII with the slope as the main obstacle and an area with N suitability class shown in Figures 3B,C.
[image: Figure 3]FIGURE 3 | Land allocation for settlement development.
The remaining percentage is contributed by other obstacles like coarse soil texture in the southern part of Kulon Progo. Soil texture affects the ability of the soil to hold and pass water (Arsyad, 2012). Water can easily pass (and thus difficult to store) in soil with a coarse texture (Lu et al., 2021). In addition, soil with a coarse texture is a poor filtering material and can cause groundwater pollution (Hardjowigeno and Widiatmaka, 2007). Such conditions raise the potential for sanitation problems and water pollution. It is a big challenge due to the development of aerotropolis that stimulates the activities in the southern part of Kulon Progo. The wetland agriculture (Figure 3D) and forest area (Figure 3E) promote to be protected and included in non-recommended allocation. Meanwhile, the areas of recommended allocation I, II, and III are 1,856.11 (3.23%), 4,796.01 (8.37%), and 5,386.36 (9.40%) ha, respectively. The recommended area is sufficient to meet the demands of the settlement in 2035, which covers 5,863.5 ha according to the LULC prediction.
3.3 Policy Allocation for Settlement Development
The evaluation indicates that 2,656.53 ha (64.33%) of existing settlement belong to non-recommended allocation and are predicted to increase by 1,145.83 ha in 2035. Widodo et al. (2015) also pointed out that only 22.73% of villages have good land resource carrying capacity in YUA. The number of areas with good carrying capacity in YUA smaller than Kulon Progo is probably affected by the degree of urban growth. Consequently, the development of settlements needs to be conducted carefully according to carrying capacity. The development in Kulon Progo is in the early stages; the supply land is adequate and can still meet the demand. The main problem of settlement development lies in spatial distribution.
It is difficult to demolish or relocate settlements located in non-recommended allocation. The implementation of the policies requires data such as land ownership, cost–benefit analysis, and multidimensional analysis to measure social and economic effects. Demolition may be the alternative when there is a public interest regulated in Law Number 2 of 2012, which provides appropriate and fair compensation. The law can be enforced in the area defined as a protected area in the OLUP following the S-S-P rule in Figure 4A. The rule shows a good performance of the OLUP that conforms to land allocation. However, the existing land use does not conform to land allocation and OLUP. The condition represents land-use infringement. The area included 458.83-ha settlements distributed in Menoreh Hills shown in red color in Figure 4B.
[image: Figure 4]FIGURE 4 | Policy allocation for settlement development.
The growth of the rest of the existing settlement outside the protected area is supposed to be limited using the disincentive mechanism. The rule follows the condition of S-S-S/C in Figure 4A. The condition shows conformity between the existing, predicted, and OLUP, but it has a bad performance due to the location that distribute in non-recommended allocation. It is strengthened by the study of Shen et al. (2019), which stated that good conformity does not always represent good performance. The disincentives, in this case, can be given in the form of the imposition of high tax levies, adjusted to the number of costs required to overcome the land-use impacts, restrictions on infrastructure provision, imposition of compensation, and penalties.
The disincentive mechanism can be implemented to the cultivated area potentially converted into settlements. Even though the OLUP and existing land use have conformity and good performance, it potentially can be converted into settlement in the future. The rule follows the condition of C-S-C/P. A study of Widiatmaka et al. (2016) concludes that the condition is fairly without problem because the study obviates the dynamic change of future conditions. The settlement does not exist but potentially will grow in non-recommended allocation, so the policy is required to prevent conversion. Dadashpoor and Malekzadeh (2020) found that disincentives affect the spatial structure by preventing the growth of metropolitan areas through social welfare, rule, and regulation. The mechanism that can be used is to reject the proposed permit of settlement utilization and restrict the infrastructure provision. The area recommended proposed a disincentive policy covering the entire settlement in Kulon Progo indicated by dark purple in Figure 4B with a cover area of 2,730.5 ha.
The lack of a spatial plan cannot be tackled due to the changing condition that needs to be evaluated and revised (Faludi, 2000). The policy to revise the zoning allocation is required when the existing condition has a good performance, whereas the OLUP has a poor performance. It is indicated by the condition of C-S-S or P-S-S/C. Indeed, it has a high probability that it will be converted into settlement in the future. The settlement allocation adjusted in that area will burden the environment due to the exceeded land capacity. Meanwhile, the condition of P-S-P has good conformance and performance for both the OLUP and the existing condition, although it has potentially converted into settlement. Thus, it required incentive policies to preserve the allocation of land use. The incentive is an effective tool to protect the landscape and is better applied in privately owned lands (Wainaina et al., 2021). Using this allocation matrix rule, approximately 168.5 ha of protected area and 400.8 ha of wetland agriculture can be preserved. The settlement that potentially grows in the non-recommended allocation can be triggered to grow in the stock area. The amount of allocation stock until 2035 covers 9.968,08 ha, indicated by the yellow polygon in Figure 4B.
Conversely, the existing and projected settlements located in the recommended allocation are supposed to be stimulated to grow. The zoning allocation is targeted to an area of 1,053.47 to trigger the settlement growth. It only needs details on the priority hierarchy to follow the rule in Figure 4C. The hierarchy of prioritization utilization in recommended allocation is divided into the following:
• Priority I: located in Allocation I and prioritized for the designation of settlements with high density.
• Priority II: distributed in Allocation II and allocated for settlements with medium to low density because of some obstacles that need some management.
• Priority III: areas that can be used for settlement expansion that will be used when the area in Allocations I and II has been exceeded. This area is located in Allocation 3.
The existing settlements that have been regulated in zoning allocation cover an area of 751.24 ha distributed in Allocation I, II, and III. However, 721.53 ha is not adjusted to settlements in OLUP. On the other hand, the total predicted settlement located in recommended allocation is 595.34 ha, most of which is distributed in Allocation II. However, only 292.23 ha have been regulated in zoning allocation. Although this area has a good performance in supporting activity, the policy to allocate using the stipulation settlement zoning allocation is required. A zoning allocation is a tool that can manage the distribution of settlements to prevent sprawling (Chadchan and Shankar, 2012).
4 CONCLUSION
The evaluation reveals that the present settlements are dominantly distributed in non-recommended allocation and are predicted to increase in 2035. The stock of land allocation for settlement development is adequate to fill the settlement demand in 2035, which is represented by the area of predicted settlements. The problem lies in the distribution pattern rather than the lack of appropriate area for settlement development. The policy allocation matrix rule fills the gap linking policy recommendation to the planning control instruments by managing the distribution of settlement growth. The rule integrates the performance and conformance between the land allocation for settlement development accommodating the ideality aspect, existing and projected settlement that represents the reality aspect, and OLUP as an aspect of regulation. Using this method, the potential conversion of the area with low carrying capacity, wetland agriculture, and forest area can be mitigated and triggered to grow in recommended allocation. The research confined the evaluation to build a policy allocation only on the settlement. A broader analysis and framework can be developed to accommodate all land-use evaluation in OLUP.
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