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Abstract

:

The objective of the present study was to determine changes in land coverage for 31 satellite cities surrounding Seoul and changes in values of MSPA (Morphological Spatial Pattern Analysis) for a time period of about 30 years (from 1988 to 2018). Cities that showed similar environmental changes were grouped utilizing a hierarchical cluster analysis. The results of this study are summarized as follows: First, as a result of analyzing changes in land coverage, urbanized areas in all 31 cities greatly increased, whereas areas of forest, grassland, farmland, wetland, etc., greatly decreased. Second, as a result of carrying out MSPA for green areas in each city, the number of Cores, Islets as stepping-stone green areas, and Branches greatly decreased. As a result of analyzing factors in cluster analysis, 12 variables were classified into four groups. After performing a cluster analysis, the 31 cities were classified into six clusters. Cluster-6 showed the biggest decrease in wetland areas. These results could be used as basic data for establishing differentiated environmental policies for clusters of cities that show similar environmental changes, and for establishing policy priorities that break away from uniform environmental policies at the local level.
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1. Introduction


Korea has achieved economic growth at a very high speed since the 1960s. Rapid urbanization and industrialization has particularly progressed around Seoul, the capital of Korea. As the traffic congestion problem in Seoul became severe in the late 1970s, a suburbanization phenomenon involving population movements into Gyeonggi-do, the outskirts of Seoul, quickly emerged to mitigate this problem [1,2,3]. As a result, the capital area including Seoul and Gyeonggi-do formed a typical metropolitan area. About 26 million people, close to half of the Korean population, live in this capital area.



Although this rapid growth of the city has been accompanied by changes in various aspects such as the natural environment and the human environment, it has had direct effects on the natural environment in particular. Environmental damage in the capital area is intensifying day by day. Such environment damage is occurring across Korea and all over the world. As numerous development plans are damaging the natural environment at an irrevocable level, efforts have been made to solve environmental problems in various aspects.



First, in relation to basic studies, European countries such as Germany, Italy, etc., where environmental damage is intensifying, have conducted studies based on landscape ecology, and many efforts have been made to create sustainable land environments by grafting diverse theories into actual land plans [4,5,6,7]. Similar studies are also actively conducted in North American countries such as the USA [8,9,10,11]. For example, Forman has arranged a theoretical basis for North American landscape ecological planning based on a landscape ecology [12].



Moreover, data about environmental changes (in land use and land coverage) can now be collected and analyzed within a short period of time thanks to the development of diverse technologies such as Geographic Information System (GIS) and Remote Sensing (RS) technology [13,14,15,16,17,18]. In particular, FRAGSTATS, a spatial pattern analysis program developed by McGarigal and Marks [19], is a core tool that can quantitatively determine structural patterns and change aspects of landscape elements. Utilizing FRAGSTATS, various studies have been actively conducted all over the world [20,21,22,23]. For example, Reddy et al. [24] investigated the effect of forest fragmentation in India by utilizing landscape indices such as Mean Patch Size (MPS) and Edge Density (ED).



In legal and institutional aspects, efforts have been steadily made to cope with environmental changes in accordance with “Sustainable Development”, which has been widely used after the announcement of the Bryndtkand report of WCED in 1987 and the “Paris Climate Agreement” adopted in the UN Weather Change Conference in 2015. Korea is working on an interlocking between land plans and environmental plans based on Article 5 (Environment-friendly Land Management) of the Framework Act on the National Land, and the Framework Act on Environmental Policy (Responsibilities of the State and Local Governments). The objective of such an interlocking plan is to sustainably upbuild the land by minimizing the effect on the environment at a plan level in advance [25,26,27].



Considering that development plans are direct causes of environmental problems that take place mostly in cities, establishing environmental policies at a city level has a very important meaning. However, it may be more effective to solve housing problems, traffic problems, and, in particular, environmental problems caused by urban expansion by comprehensively bundling up several cities together rather than solving these problems within individual cities. Thus, it is necessary to create a new spatial unit that bundles up cities that show similar environmental changes that transcend the boundaries of administrative districts.



In relation to this, studies that group cities showing similar characteristics have been actively conducted through cluster analyses [28,29,30,31,32,33]. Targeting about 280 villages where mountain village development programs have been carried out, Ko et al. [34] categorized villages showing similar mountain village scenery by utilizing the altitude, forest ratio, farmland ratio, coniferous forest ratio, broadleaf forest ratio, and ecological and natural map rating ratios. Further, Kuo et al. [35] classified the impact of urban development on the natural environment into six clusters for Tainan, Taiwan. Based on this, an evaluation methodology was established to simulate and analyze the impact of urban growth.



Although diverse efforts have been made to solve environmental problems, as mentioned earlier, precedent studies have the following limitations: First, studies that utilized FRAGSTATS did not present analysis results as drawings. They had limitations in that it was difficult to correlate their results with drawings of development plans. Additionally, with respect to cluster analyses, cities were categorized by considering various aspects such as social and economic issues, transportation, land cover change, MSPA structure, water supply and demand, surface temperature, and surface runoff. Among the various factors for colonization, MSPA has been limitedly used mainly for studies related to eco-corridors such as wildlife passageways. In other words, there have been relatively few studies examining changes in MSPA values and diagnosing environmental problems based on the changes in green areas for each cluster due to urbanization.



Accordingly, in the present study, we categorized 31 cities in Gyeonggi-do adjacent to Seoul at a regional level based on results of time-sequential environmental changes to grasp characteristics of environmental changes by type. We believe that the results of the present study could be used as basic data for establishing differentiated environmental plans for cities with similarities or for establishing environmental policy priorities, breaking away from standardized policies related to the environment that appear at the regional level in particular.




2. Data and Methods


2.1. Research Area


The present study was conducted for 31 satellite cities in Gyeonggi-do adjacent to Seoul, the capital of Korea (Figure 1). The main status of each city is shown as follows. First, the city with the biggest area among these 31 cities was found to be Yangpyeong (877.8 km2), followed by Gapyeong and Pocheon. We could see that Gwacheon, Gwangmyeong, and Gunpo were much smaller in size than the other cities. Looking at the number of populations by city, Suwon, Goyang, Yongin, Seongnam, and Hwaseong had the largest population in that order. On the other hand, Yeoncheon, Gwacheon, Gapyeong, and Dongducheon have low population numbers. In particular, Yeoncheon has about 44,000 people, showing the lowest population among all 31 cities. In addition, when we looked into the geographical characteristics of each city, Yeoncheon and Paju were playing an important role militarily as they are close to North Korea. Goyang, Seongnam, Bucheon, and Hanam were under high development pressure in the past as they were directly in contact with Seoul. Such development pressure still exists today. The area, population, and location characteristics of the 31 cities are presented in Appendix A.




2.2. Procedure for Conductiong the Study


The procedure for conducting the present study is largely divided into three stages (Figure 2). First, an analysis of changes in land coverage for each of the 31 cities was performed based on land cover maps of 1988 and 2018. Second, an MSPA was performed for structural changes in each of the 31 cities. Third, a cluster analysis was performed to grasp the characteristics of each cluster. The detailed study method of each stage is shown below.




2.3. Analysis of Changes in Landcover Change in Each City


For the analysis of changes in the land coverage in each city, a Level I Land Cover Map provided by Environmental Geographic Information Service [36] was used. The major classification Level I Land Cover Map has been constructed every 10 years, starting in 1988. In this study, the most historical data, from 1988, and the most recent, from 2018, were used. The reason for this is that the first new town developments (Ilsan, Bundang, etc.) were carried out from 1989 to 1996, and the second new town developments (Seongnam, Hwaseong, etc.) were carried out from 2001 to 2017. In other words, out of the 31 cities, large-scale development plans were carried out for cities adjacent to Seoul until recently. Therefore, it was judged that the changes in land cover and the changes to MSPA structure according to the development plan for each city could be best understood if the data for 1988 and 2018 were used. A Level I Land Cover Map was divided into seven land cover types (urbanized areas, agricultural areas, forest areas, grassland, wetland, bare land, and waters). It was prepared based on a resolution of 30 m × 30 m. Changes in land coverage for each city were examined based on such land cover maps. Land cover maps utilized in the present study are as follows (Figure 3).




2.4. MSPA Pattern Changes in Green Area of Each City


For MSPA of the structural changes in the green areas of each city, GUIDOS [37] was utilized for forest and grass areas among seven land cover types. The analysis was conducted after converting forest types extracted from land cover maps of 1988 and 2018 into Geo Tiff files and then applying a pixel size of 20 m [38].



GUIDOS (Graphic User Interface for the Description of Image Objects and their Shapes) is a program designed to overcome the limitations of numerical data presented by FRAGSTATS [39], and is an existing landscape pattern analysis program that can intuitively grasp changes in spatial forms. GUIDOS has been widely utilized in diverse fields recently [40,41,42].



In this study, MSPA (Morphological Spatial Pattern Analysis) analysis was used among various analysis methods of GUIDOS. MSPA has a high potential for being utilized during the establishment of various plans as it presents relations between diverse elements displayed on maps and their distribution patterns in the form of a diagram. In more detail, MSPA showed green areas on a drawing after dividing them into seven types (Core, Islet, Bridge, Loop, Branch, Perforation and Edge) depending on their forms. At the same time, the number of MSPA types of each city was calculated using the following formula (Figure 4). Accordingly, it is very useful for grasping changes in the form of green areas resulting from urbanization, as well as the extinction of dotted green spaces and strip green spaces on a small scale.



Characteristics of these seven MSPA types are shown as follows (Table 1). First, a Core is a park located in a large-scale forest or a city center. It is a type where the scale is big in comparison with other types. In other words, it is a type that functions as a key space for the inhabitation of biospecies. Next, a Bridge is a strip type that connects different Cores with each other and carries out a function similar to an eco-corridor. An Islet is a green space smaller than a Core. Although it plays an important role as a middle stopover during the movement of wild animals, it is also a type with a very high risk of extinction [43].




2.5. Cluster Analysis of 31 Cities


To effectively conduct categorizations by city through a cluster analysis, a factor analysis was conducted first. To enhance the accuracy of the analysis, 12 variables, excluding Grass and Waters, with low communality among a total of 14 selected variables (7 land cover types and 7 MSPA categories), were utilized for the analysis. Factors of these 12 selected variables were extracted through PCA (Principal Component Analysis) [44]. The Varimax Method of Orthogonal Rotation, widely utilized to simplify the characteristics of each factor, was utilized as a Factor Rotation Method. As the analysis was conducted without setting the number of clusters in advance during a cluster analysis based on factor scores, a hierarchical cluster analysis was performed. Hierarchical cluster analysis is a method where two objects close to each other start to form a cluster, and a dendrogram in the shape of a tree is formed through continuous clustering of the clusters adjacent to each other to determine the number of clusters. Ward’s Method of hierarchical cluster analysis was used for grouping these 31 cities.





3. Results


3.1. Analysis of Landcover Changes by Each City


Changes in land coverage areas for each of the 31 cities are as follows (Table 2). First, in the case of Hwaseong, the increase in urbanized areas was found to be the biggest among the 31 cities. On the contrary, its sizes of agricultural areas, forest, wetland, and waters decreased. In particular, the sizes of its agricultural areas and wetland decreased by 7600 ha and 1705 ha, respectively. Decreases in the areas of these two land cover types were found to be the biggest among the 31 cities. Next, forest areas decreased by 2600 ha. The decrease in the area of natural space due to urbanization was noticeable in Hwaseong as a whole. In the case of Pyeongtaek, its urbanized areas increased by 6296 ha. It was found to be a city showing the second biggest increase in urbanized areas, following Hwaseong. Its farmland areas decreased by 7233 ha. It was found to be a city showing the second biggest decrease in farmland areas, following Hwaseong. Its forest areas decreased by 1325 ha. On the contrary, its grassland and wetland areas increased by 618 ha and 1737 ha, respectively.



In the case of Namyangju, its land cover types that showed increases in size were found to be urbanized areas, bare land, and waters (Figure 5). On the contrary, its land cover types that showed decreases in size were found to be agricultural areas, forest, grassland, and wetland. In particular, forest areas in Namyangju decreased by about 3900 ha due to urbanization. It was found to be a city showing the second biggest decrease in forest area, following Yongin. In the case of Siheung, its land cover types that showed increases in size were found to be urbanized areas and grassland. On the contrary, its land cover types that showed decreases in size were found to be agricultural areas, forest, wetland, and waters. In particular, its areas of wetland and waters decreased by 1286 ha and 1514 ha, respectively, due to large-scale reclamation projects that appeared in the areas close to the coast. Due to such reclamation projects, wetland and waters were converted to farmland and urbanized areas.



On the contrary, in the case of Gwacheon, Dongducheon, and Uiwang, urbanized areas increased by 193 ha, 503 ha and 601 ha, respectively. In particular, forest areas in Gwacheon and Dongducheon increased differently from other cities. This was because farmland and bare land located in the forests were converted into forests. When we put these results together, urbanized areas were found to have increased in all 31 cities. It was found that urbanization was concentrated in cities adjacent to Seoul, the capital. In addition, most of the forest, grassland, and wetland areas with high ecological values were found to show decreases in size due to urbanization.




3.2. MSPA Pattern Changes in Green Area of Each City


Regarding MSPA changes for each of the cities, the results are as follows (Table 3). First, in the case of Yeoju, a city with the biggest number of Cores and Branches, it showed decreases compared to the data of the late 1988. In addition, the number of Bridges and Loops greatly decreased because most of its linear green areas with relatively small sizes ceased to exist due to the expansion of urbanized areas and increases in farmland areas. Moreover, Islets with small size green areas that could have played an important role as stepping-stone green areas greatly decreased in number.



In the case of Goyang, the number of Islets among the seven MSPA types decreased by 1322 when compared to that of 1988. Such a result was due to an increase in urbanized areas resulting from its geographical characteristic of being close to Seoul, as shown earlier in the land coverage changes. In addition, Cores known to play an important role as habitat spaces for biospecies also greatly decreased in number. In the case of Hwaseong (Figure 6), the number of Islets decreased by 3963, the biggest decrease among the 31 cities due to the urbanization of the last 30 years. Its Branches and Bridges also greatly decreased in number. Nevertheless, it is worth noting that its Cores increased in number because large scale green lands were fragmentized due to new constructions of roads and developments. Anseong was found to show changes in the spatial structure of green lands different from other cities. The result of MSPA showed that Cores, Loops, Bridges, and Branches increased in number in Anseong due to an increase in grassland areas among the land cover types. Next, in the case of Guri, Perforations belonging to the type arising from land use by humans in forests showed the biggest increase in number among the 31 cities. On the contrary, Perforations in Yangpyeong and Yongin decreased greatly in number due to the prohibition of farming activities, which took place in forests and forestation projects. MSPA drawings for 1988 and 2018 for all 31 cities are presented as Appendix A.




3.3. Cluster Analysis of 31 Cities


As a result of factor analysis, which utilized a total of 12 variables selected for categorization by city, factors were classified into a total of four (Table 4). These four factors converged a total of 25 times according to the Varimax Method. They explained about 88% of the total variance. The communality of the 12 variables was found to have high values (not smaller than 0.7). In addition, the KMO (Kaiser–Meyer–Olkin) value, which was the result of conducting a goodness of fit test of the measuring tool, was 0.575, meaning that there was no problem in selecting these variables. The goodness of fit of this model was found to be very high, because the probability value was found to be 0.00 in Bartlett’s test of sphericity. Thus, there were significant differences, and commonality existed for the 12 selected variables.



The characteristics of each classified factor are shown as follows. First, the four variables belonging to Factor-1 were “Branch”, “Core”, “Bridge” and “Edge”. They had an explanatory power of about 34% for the total variance. They were found to be variables with a high importance in the aspect of green networks. The reason these four variables are grouped un the same factor is because the annihilation of the Core directly affects the Branch, Bridge, and Edge. In fact, in the case of Yeoju, the number of Cores decreased the most, and at the same time, the number of Branches and Bridges existing in a linear form at the edge of the forest also decreased significantly compared to other cities.



Next, Factor-2 had an explanatory power of about 24%. It included “Agricultural Land”, “Urban Area”, “Barren”, and “Islet”. “Urban Area” and “Barren” showed negative values, differently from other variables. This was because “Urban Area” and “Barren” increased in size, contrary to the other 12 variables, for which the size or the number decreased when compared to those of 1988. Like this, the variables of Factor-2 were found to play an important role in clustering cities, with changes in the size of farmland due to the expansion of urbanized areas. Changes in Islets known to function as stepping-stone green areas were similar (i.e., highly urbanized cities). Factor-3 was made up of “Perforation” and “Forest”. Its explanatory power was found to be about 17%. The reason these two variables are grouped as the same factor is because the disappearance of Perforation is directly related to the forest. As defined in Table 2, Perforation is a non-green space that appears in the forest, and is a variable that disappears when the forest is destroyed. In fact, looking at the cases of Yongin and Namyangju, it was found that the number of Perforations greatly decreased as the areas of forest decreased. Lastly, Factor-4 had an explanatory power of about 12%. This factor had a high effect on the grouping of cities in which time-sequential changes of “Wetland” and “Loop” were similar.



Based on these results of the factor analysis, 31 cities in Gyeonggi-do were classified into six clusters (Figure 7). Cluster-1 was made up of 15 cities, the biggest number of cities, which included Gwangmyeong, Gunpo and Anyang. Cluster-2 was a cluster made up of five cities, including Suwon, Gimpo and Goyang. Cluster-3 was made up of Gwangju, Namyangju, Yangpyeong and Yongin. Cluster-4 had five cities, Yeoju, Paju, Yangju, Pocheon and Yeoncheon, that showed similar environmental changes. Cluster-5 was an independent cluster formed by Pyeongtaek alone. Cluster-6, too, was an independent cluster formed by Hwaseong alone.





4. Discussion


4.1. Discussion and Limitation


In the present study, we determined changes in land coverage and changes in MSPA values in each of the 31 satellite cities surrounding Seoul for about 30 years, from 1988 to 2018. Cities that showed similar environmental changes were grouped. First, for changes in land coverage, urbanized areas in all 31 cities were found to have increased. In particular, urbanization was concentrated in cities adjacent to Seoul, the capital. For example, in the case of Goyang (Figure 8), most spaces that were farmland in the past were converted into urban areas due to such geographic characteristics. As a result, forest, grassland and wetland with high ecological values greatly decreased in size. Accordingly, for large cities such as Suwon, Icheon, Gimpo and Siheung, which showed environmental changes similar to those of Goyang, it is particularly important to preferentially search for a plan to effectively preserve natural spaces with high values in advance when establishing development plans.



Next, when we look into the results after analyzing changes in MSPA category in each of the 31 cities, 103 Cores and 733 Islets were found to have decreased, on average, in these 31 cities. A total of 115 Perforations, 521 Edges, 83 Loops, 144 Bridges and 567 Branches decreased on average. As can be seen from such an analysis result, Cores that are key green lands and Islets that are stepping-stone green lands have ceased to exist in most cities due to the urbanization that has progressed for several decades, meaning that the green network function is greatly deteriorated at a whole city level. Accordingly, an environmental plan should be established with a focus on quantitatively/qualitatively securing green lands by creating additional green lands of diverse sizes and forms to recover the function of green networks.



To look into the characteristics of each of these six clusters in more detail, the average value of the factor of each cluster was calculated based on the characteristics examined (Table 5). In particular, as factors with a positive value and a negative value appeared in a mixture in Factor-2, among the four factors, the Agricultural Lands and Islets with decreased sizes and numbers were classified as Detailed Factor 2-1, and Urban Areas and Barrens with increased sizes were classified as Detailed Factor 2-2.



First, Cluster-1 was found to be the cluster for which the score for Factor-1 was higher than that of any other cluster. That is, it is a cluster without a big environmental change. In reality, Cores, Branches, and Bridges were found to have decreased less in relevant cities than in cities of other clusters, although urbanization progressed. It was worth noting that the extinction of green lands was not high in Bucheon, Hanam, Guri, or Gwacheon, although these cities were very close to Seoul, the capital. Such a result is attributable to the restriction on development enforced by designating forests of relevant cities as Greenbelts to prevent the thoughtless expansion of Seoul. However, as Greenbelts are released gradually due to continuous development pressure, the emphasis should be put on maintaining the function of green networks by minimizing the extinction of small-scale green lands of diverse forms such as Branches, Bridges, Islets, etc., when development plans are established.



Cluster-2 was a cluster made up of five cities, including Suwon, Gimpo and Goyang, that were classified as relatively large cities. It showed the highest value for Factor-3 among the four Factors, meaning that its decrease in forest area was not high compared to the other clusters. However, it showed negative values for Factor-4 and Factor-2-1. Its spaces with high values such as wetland, stepping-stone green lands, etc., greatly decreased in number due to urbanization. In addition, as cities belonging to this cluster are still under high development pressure due to the continuous population increase and industrial development, emphasis should be put on the arrangement of a plan to preserve natural resources with high ecological values.



Cluster-3 was made up of Gwangju, Namyangju, Yangpyeong and Yongin. It was a cluster that showed a negative score for Factor-3. This cluster had a higher score for Factor -3 than the other clusters. Thus, it was a cluster with a large decrease in forest area. Further, as it had a big negative value for Factor-1, it was characterized by a big decrease in the number of linear connection green lands such as Branches, Bridges, etc. Accordingly, cities in the relevant cluster should put an emphasis on the minimization of additional damage to and the fragmentation of forests, while preserving small linear green lands at the same time.



Cluster-4 was a cluster made up of Yeoju, Paju, Yangju, Pocheon and Yeoncheon. It showed a higher negative value for Factor-1 than the other clusters. It was characterized by a big decrease in the actual number of large-scale green lands and linear green lands of diverse forms. As such a decrease in the number of green lands will lead to a decrease in the function of urban green networks, it is desirable to prioritize the creation of additional green lands to enhance green land connectivity when environmental plans are established.



Cluster-5 was an independent cluster formed by Pyeongtaek alone. It showed the highest positive value for Factor-4 among the four Factors. In fact, Pyeongtaek was the city with the largest increase in wetland areas. Accordingly, environmental plans should be established with an emphasis on the effective preservation of wetland and swamps that play an important role as habitats for biospecies.



Lastly, Cluster-6 was an independent cluster formed by Hwaseong alone, a city with the highest negative value for Factor-4. That is, this city had the biggest decrease in wetland areas. In addition, Cluster-6 showed larger changes for Factor 2-1 and 2-2 than the other clusters. As a whole, Cluster-6 showed a large environmental change due to urbanization. Accordingly, quantitative expansion of green spaces through the creation of additional green lands, and the establishment of a systematic preservation and management plan for wetland and swamps, should be preferentially considered for Hwaseong in order for it to function as an environmentally sustainable city.



From a small specific unit space to a large-scale city and even regional and territorial space, it is predicted that future land space will be more directly affected by numerous developments. Therefore, how will the various impacts caused by development change the future land space? By what means and methods will we be able to control the influencing factors and change processes in a natural environment and landscape-friendly way? In this respect, the results of this study are different from other related studies in that they involve clustered cities at the regional level and are based on the results of time-series environmental changes. The results thus present directions for establishing environmental policies for each cluster.



First, among studies examining environmental changes using landcover change [45,46,47,48], Kumar et al. [49] used land cover types in 1976, 1989, 2000 and 2014 for Usri watershed. They looked at the changes in the landscape matrix, and based on these analysis results, clustered land cover types showing similar values for each year. However, a limitations is that the scope of the space was limited to a specific watershed and that the analysis result could not be visually confirmed.



In addition, in the case of Korea, the consideration of the physical environment and the human psychological behavior aspect rather than the natural environment factor is considered more important in figuring out the value of the city. Lee’s [50] research emphasizes the need for qualitative growth such as the quality of life rather than quantitative growth focusing on economic aspects. For this purpose, the 31 cities in Gyeonggi-do were grouped based on the Physical Environment Satisfaction and Neighborhood Satisfaction indices. Of the total of 14 indicators used for grouping, it was found that one of the indicators related to the natural environment was satisfaction with the park.



As evidenced by numerous studies, urban land use and environmental changes are inevitable phenomena in the process of urban development. Therefore, the Fragstats program, using the land cover map, has been used importantly in diagnosing environmental changes due to urbanization, but the fact that the analysis results cannot be looked at in drawings is a big limitation. In this aspect, the MSPA analysis used in this study is different in that the analysis results are presented in drawings. In addition, the results of this study are environmentally friendly in that they suggest a direction for establishing differentiated environmental policies for each city, such as the quantitative expansion of green areas, conservation of small-scale linear green areas, wetland conservation, and minimization of forest fragmentation in connection with land cover change. However, since a city is a space where humans and nature coexist, it is judged that it is desirable to comprehensively consider factors such as the physical environment and human psychological behavior, not just the natural environment aspect.



However, in order to increase the effectiveness of the study, it is necessary to additionally consider the following aspects in future studies. First, environmental changes in cities need to be determined using more detailed basic data. In Korea, a City Biotope Map was recently prepared with a high spatial resolution of a 5 m level on a national scale pursuant to Article 34-2 (Preparation/Utilization of City Biotope Map) of the Natural Environment Conservation Act. Accordingly, it is required to determine environmental changes by actively utilizing a more detailed basic map such as a City Biotope Map and to establish environmental plans based on it. Moreover, the present study had another limitation: the cities were clustered based on results of changes in land coverage and spatial structures of green lands. Accordingly, it is desirable to determine environmental changes in cities comprehensively by taking into account the values of diverse aspects such as soil, air, surface temperature and water quality and supply, as well as endangered species, etc., to find the appropriate direction to take when coping with such environmental changes based on the results of such determinations.




4.2. Policy Proposal


Although spatial plans for national land are established in Korea for each of the diverse spatial scales, such as Comprehensive National Territorial Plans, Metropolitan City Plans, Si/Gun Master Plans, etc., when we take into account the fact that concrete and detailed physical plans established under the premise of implementation are realized at a city level, we can see that establishing differentiated environmental plans for sustainable land use management based on time-sequential environmental changes at a city space level is very important.



However, most environmental policies established for many cities that belong to the same area (Gyeonggi-do, Gyeongsangbuk-do, etc.) put emphasis on the quantitative expansion of green lands. Accordingly, it is important to grasp time-sequential environmental changes and secure environmental drawings that can be connected to development plan drawings at the same time to establish differentiated environmental policies. In Korea, although a Biotope Map is built and renewed at five-year intervals based on Article 34-2 (Preparation/Utilization of Biotope Map) of the Natural Environment Conservation Act, there is no mandatory provision that forces its utilization when establishing development plans. Accordingly, the law/system is required to be reinforced to obtain basic data so that a Biotope Map or Ecosystem Service Map is mandatorily taken into account when establishing development plans.



Moreover, when we look into the budget of each ministry of the Korean government as of 2020, the budget of the Ministry of Environment was much smaller than that of the other ministries. It was about KRW 9 trillion, while that of the Ministry of Land, Infrastructure, and Transport was about KRW 50 trillion, that of the Ministry of National Defense was about KRW 50 trillion, and that of the Ministry of Employment and Labor was about KRW 30 trillion. Accordingly, to build diverse basic data and diagnose environmental changes in cities, the expansion of the budget is required. Each city is also required to use more of their budget for the preservation and management of the environment.



In addition, for sustainable urban development, the connection between disciplines that are being pursued in different perspectives, laws, and administrative organizations will be of utmost importance. For example, the natural environment conservation plan is mainly researched in the field of biology, the park and green space plan in the landscape field, and the artificial landscape plan in the field of architecture and civil engineering. However, as mentioned earlier, transdisciplinary cooperation to diagnose and solve environmental problems by integrating and synthesizing problems themselves for environmentally sustainable city development is more important than dealing with each environmental problem as a separate entity [51,52].





5. Conclusions


As pressure on the suburbs of large cities is increasing worldwide, this study examined land cover changes and MSPA changes over the past 30 years in 31 cities adjacent to the capital of Korea, Seoul. Cities with similar patterns were clustered based on the analysis results. Based on these results, this study is meaningful in that it suggests the characteristics of environmental change for each community and the direction of environmental planning based on these.



However, in the case of Korea, a number of development plans are scheduled for small and medium-sized cities that have not experienced significant environmental change compared to large cities. Therefore, prior to development plans, it is necessary to identify high-value environmental resources, key green areas for green network construction, and major habitats for species conservation, and to establish an urban development plan that prioritizes these spaces.



In addition, we believe that transdisciplinary cooperation is more important than ever. Therefore, experts in land use planning, landscape planning, forest planning, traffic planning, and climate change planning, which are all highly related to urban development planning, need to actively reflect their research results in urban development plans. It is judged that only if these efforts are supported, it will be possible to develop the national space more environmentally and sustainably.
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Table A1. Current status of 31 cities.






Table A1. Current status of 31 cities.





	City Name
	Area(km2)
	Population
	Location and Characteristics





	Gapyeong
	834.4
	62,605
	Located in the northeast of Seoul



	Goyang
	267.4
	1,076,406
	Located in the north of Seoul and in direct contact with Seoul



	Gwacheon
	35.9
	61,902
	Located in the south of Seoul and in direct contact with Seoul



	Gwangmyeong
	38.5
	308,678
	Located in the southwest of Seoul and in direct contact with Seoul



	Gwangju
	431.8
	379,480
	Located in the southeast of Seoul



	Guri
	33.3
	197,889
	Located in the east of Seoul and in direct contact with Seoul



	Gunpo
	36.4
	275,508
	Located in the south of Seoul



	Gimpo
	276.6
	458,505
	Located in the west of Seoul



	Namyangju
	460.1
	709,881
	Located in the east of Seoul



	Dongducheon
	95.7
	93,968
	Located in the north of Seoul



	Bucheon
	53.5
	824,865
	Located in the east of Seoul and in direct contact with Seoul



	Seongnam
	141.8
	940,966
	Located in the south of Seoul and in direct contact with Seoul



	Suwon
	121.1
	1,190,074
	Located in the south of Seoul



	Siheng
	134.4
	489,077
	Located in the southwest of Seoul



	Ansan
	147.1
	653,733
	Located in the southwest of Seoul



	Anseong
	554.1
	186,104
	Located in the southeast of Seoul



	Anyang
	58.5
	554,857
	Located in the south of Seoul and in direct contact with Seoul



	Yangju
	310.2
	229,052
	Located in the north of Seoul



	Yangpyeong
	877.8
	118,372
	Located in the east of Seoul



	Yeoju
	607.9
	111,438
	Located in the southeast of Seoul



	Yeoncheon
	695.3
	43,542
	Located in the north of Seoul and on the border with North Korea



	Osan
	42.7
	228,718
	Located in the south of Seoul



	Yongin
	591.5
	1,075,659
	Located in the southeast of Seoul



	Uiwang
	54.0
	162,751
	Located in the southeast of Seoul



	Uijeongbu
	81.6
	456,660
	Located in the northwest of Seoul and bordering North Korea



	Icheon
	461.2
	219,537
	Located in the southeast of Seoul



	Paju
	672.6
	459,158
	Located in the northwest of Seoul and bordering North Korea



	Pyeongtaek
	452.1
	527,166
	Located in the south of Seoul



	Pocheon
	826.4
	147,854
	Located in the northeast of Seoul



	Hanam
	93.1
	285,693
	Located in the east of Seoul and in direct contact with Seoul



	Hwaseong
	688.1
	842,864
	Located in the south of Seoul
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Figure A1. 1988 MSPA map of 31 cities. 






Figure A1. 1988 MSPA map of 31 cities.
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Figure A2. 2018 MSPA map of 31 cities. 






Figure A2. 2018 MSPA map of 31 cities.
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Figure 1. Location of research cities. 






Figure 1. Location of research cities.
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Figure 2. Research flow. 






Figure 2. Research flow.
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Figure 3. (a) Landcover map (1988) and (b) land cover map (2018). 
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Figure 4. (a) Input binary image of research cities, (b) segmented binary pattern, (c) seven categories of MSPA and (d) equation for each step [40]. 
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Figure 5. (a) Changes in major land cover by total city, (b) 1988 land cover map of Namyangju, (c) 2018 land cover map of Namyangju, (d) 1988 land cover map of Hwaseong, (e) 2018 land cover map of Hwaseong, and (f) legend of land cover. 






Figure 5. (a) Changes in major land cover by total city, (b) 1988 land cover map of Namyangju, (c) 2018 land cover map of Namyangju, (d) 1988 land cover map of Hwaseong, (e) 2018 land cover map of Hwaseong, and (f) legend of land cover.
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Figure 6. (a) 1988 land cover map of Hwaseong, (b) 2018 land cover map of Hwaseong, (c) 1988 MSPA map of Hwaseong (d) 2018 MSPA map of Hwaseong, (e) detailed view of map (c), (f) detailed view of map (d), and (g) legend of MSPA categories. 
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Figure 7. (a) Cluster dendrogram and (b) cluster map of research cities. 
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Figure 8. (a) 1988 land cover map of Goyang, (b) 2018 land cover map of Goyang, (c) satellite image of map (b,d) road view of map (c) Most of the space that used to be agricultural land has been converted into urbanization areas. 
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Table 1. Morphological spatial pattern analysis (MSPA) categories and ecological implication.






Table 1. Morphological spatial pattern analysis (MSPA) categories and ecological implication.





	Categories
	Description





	Core
	It can be used as the “source” of a variety of ecological processes, most of which are forest parks with large patch areas and large forest farms, etc., which are of great significance for species reproduction and biodiversity protection



	Islet
	Small patches, which are independent of each other and have low connectivity, are less likely to communicate with other patches in terms of materials and energy, and are mostly small green spaces in urban or rural areas. In addition, an islet is effective in enhancing connectivity by functioning as a stepping stone green area



	Bridge
	The narrow and long areas connecting the patches of different core areas; they have the characteristics of ecological corridors, which are mostly green belts, which are conducive to the migration of species and the connection of landscape within the territory



	Loop
	The internal channel of material and energy exchange in the same core area; they are shortcuts for material and energy exchange in the core area



	Branch
	Only one end is connected to the main patch; mainly an extension of the green space, which is the channel for species diffusion and energy exchange with the peripheral landscape



	Perforation
	As a transition region, the edge, etc., also exists between the core patch and its inner non-green space



	Edge
	The transition zone between the marginal zone of the core area and the peripheral non-green landscape area, which can reduce the impact brought by the external environment and human disturbance; usually the peripheral forest zone of forest parks and large forest farms
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Table 2. Changes in land cover type areas by city (2018–1988) Unit: ha.






Table 2. Changes in land cover type areas by city (2018–1988) Unit: ha.





	Division
	Urban Area
	Agricultural Land
	Forest
	Grass
	Wetland
	Barren
	Water





	Gapyeong
	695.24
	−950.63
	−1511.13
	1044.13
	−1.31
	385.59
	33799



	Goyang
	5688.11
	−5789.74
	−441.85
	−185.05
	−15.24
	794.60
	86.48



	Gwacheon
	193.32
	−338.93
	159.62
	−115.88
	2.01
	100.42
	−0.33



	Gwangmyeong
	668.63
	−611.38
	−209.67
	111.89
	24.41
	17.31
	−0.49



	Gwangju
	3565.62
	−727.47
	−2518.27
	−522.29
	−1.53
	125.61
	78.32



	Guri
	717.07
	−736.47
	−119.85
	−191.99
	−1.68
	285.31
	48.34



	Gunpo
	839.36
	−417.37
	−138.19
	−317.95
	4.88
	19.85
	9.45



	Gimpo
	3346.53
	−4033.38
	−477.35
	660.85
	−661.73
	638.35
	525.64



	Namyangju
	4887.68
	−1762.00
	−3893.74
	−603.03
	−6.25
	1275.71
	101.63



	Dongducheon
	503.07
	−534.42
	165.59
	−302.75
	0.00
	180.23
	−11.73



	Bucheon
	1106.49
	−1204.96
	−97.41
	191.61
	−12.99
	16.71
	0.46



	Seongnam
	3737.96
	−1967.57
	−1390.05
	−599.82
	1.67
	191.00
	26.90



	Suwon
	3465.44
	−2384.74
	−590.55
	−365.06
	−23.54
	−151.07
	49.52



	Siheng
	3920.09
	−1059.52
	−920.43
	182.25
	−1286.49
	677.93
	−1514.39



	Ansan
	3868.27
	−1045.76
	−193.47
	−292.40
	−395.83
	−1256.51
	−684.71



	Anseong
	2328.93
	−3439.41
	−1072.45
	1207.44
	248.58
	416.41
	310.35



	Anyang
	1060.33
	−767.78
	71.54
	−345.75
	9.59
	−26.93
	−0.68



	Yangju
	2167.23
	−2846.65
	−192.94
	−964.60
	19.74
	1785.28
	31.97



	Yangpyeong
	451.60
	1392.15
	−2949.07
	722.90
	−3.79
	339.36
	47.25



	Yeoju
	1054.44
	374.18
	−3336.62
	1129.63
	128.86
	400.46
	249.24



	Yeoncheon
	1240.57
	−1354.95
	1755.13
	−2062.68
	76.26
	128.85
	221.89



	Osan
	1163.97
	−944.33
	−286.36
	−135.66
	8.49
	183.58
	10.31



	Yongin
	7130.08
	−2978.75
	−4976.87
	−115.09
	40.98
	748.52
	151.12



	Uiwang
	600.60
	−406.09
	−105.01
	−252.72
	0.33
	145.49
	17.39



	Uijeongbu
	1486.09
	−1073.46
	−292.48
	−386.06
	1.56
	253.46
	10.82



	Icheon
	2426.24
	−1974.78
	−976.91
	−581.47
	−0.96
	1092.76
	16.01



	Paju
	2990.49
	1274.16
	−2585.27
	−3131.46
	−276.22
	1073.22
	655.89



	Pyeongtaek
	6296.37
	−7232.52
	−1325.11
	869.68
	1737.38
	1375.68
	−1724.09



	Pocheon
	2416.37
	−3083.93
	−645.79
	3.05
	68.83
	1088.78
	153.31



	Hanam
	1402.77
	−1506.13
	−734.63
	364.14
	38.92
	219.31
	216.10



	Hwaseong
	8598.49
	−7597.43
	−2637.48
	617.70
	−1705.32
	3221.19
	−498.11
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Table 3. Changes in MSPA categories by city (2018–1988).
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	Division
	Core
	Islet
	Perforation
	Edge
	Loop
	Bridge
	Branch





	Gapyeong
	−183
	105
	−261
	−342
	109
	−189
	−944



	Goyang
	−127
	−3122
	−51
	−536
	−122
	−167
	−720



	Gwacheon
	3
	−30
	5
	−20
	5
	−18
	−34



	Gwangmyeong
	1
	−258
	−1
	−49
	−24
	−7
	−65



	Gwangju
	−138
	128
	−425
	−878
	−175
	−235
	−814



	Guri
	−42
	−79
	166
	−109
	−16
	−25
	−129



	Gunpo
	−6
	−129
	−12
	−114
	−17
	−35
	−83



	Gimpo
	−61
	−1284
	8
	−155
	−49
	−30
	−396



	Namyangju
	−284
	793
	−443
	−1148
	−123
	−397
	−900



	Dongducheon
	−70
	−109
	28
	−172
	−24
	−72
	−272



	Bucheon
	4
	−263
	2
	28
	−6
	4
	−30



	Seongnam
	−46
	−151
	−158
	−432
	−196
	−57
	−393



	Suwon
	−46
	−979
	−10
	−223
	−71
	−62
	−308



	Siheng
	−16
	−336
	−58
	−332
	−90
	−79
	−313



	Ansan
	0
	−935
	−15
	−270
	−90
	−40
	−356



	Anseong
	172
	−990
	−126
	372
	175
	41
	819



	Anyang
	−21
	−216
	−57
	−120
	−80
	−31
	−190



	Yangju
	−240
	−547
	−144
	−1040
	−107
	−296
	−979



	Yangpyeong
	−370
	−236
	−892
	−1695
	−113
	−460
	−1423



	Yeoju
	−514
	−1575
	−55
	−2008
	−350
	−462
	−2387



	Yeoncheon
	−313
	−1004
	38
	−1093
	2
	−411
	−1302



	Osan
	−63
	−308
	−6
	−171
	−38
	−50
	−348



	Yongin
	−43
	−63
	−475
	−680
	−231
	−205
	−539



	Uiwang
	−7
	−51
	−83
	−136
	−73
	−24
	−31



	Uijeongbu
	−11
	−215
	−30
	−168
	−64
	−20
	−144



	Icheon
	−45
	−2143
	−7
	−74
	38
	−81
	−375



	Paju
	−284
	−1944
	−337
	−2040
	−337
	−484
	−1712



	Pyeongtaek
	−124
	−2190
	−16
	−275
	7
	−134
	−493



	Pocheon
	−357
	−2329
	−55
	−1302
	−72
	−301
	−1705



	Hanam
	−18
	−88
	−41
	−96
	−26
	−24
	−188



	Hwaseong
	60
	−3963
	−39
	−869
	−419
	−116
	−824
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Table 4. Results of factor analysis.






Table 4. Results of factor analysis.





	Factor
	Factor-1
	Factor-2
	Factor-3
	Factor-4





	Branch
	0.965
	0.112
	0.100
	0.113



	Core
	0.961
	−0.080
	0.101
	−0.145



	Edge
	0.927
	0.083
	0.288
	0.185



	Bridge
	0.920
	0.036
	0.316
	−0.021



	Agricultural land
	−0.236
	0.926
	−0.061
	−0.142



	Urban area
	0.083
	−0.826
	−0.400
	−0.168



	Barren
	−0.234
	−0.781
	−0.135
	−0.173



	Islet
	0.283
	0.778
	−0.318
	0.195



	Perforation
	0.330
	−0.146
	0.856
	−0.029



	Forest
	0.276
	0.251
	0.853
	0.136



	Wetland
	−0.087
	0.069
	−0.018
	0.942



	Loop
	0.471
	0.317
	0.323
	0.609



	Eigen value
	4.173
	2.971
	2.050
	1.463



	Explained amount of total variance (%)
	34.777
	24.759
	17.084
	12.190



	Cumulative explanation (%)
	34.777
	59.536
	76.620
	88.810
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Table 5. Factor score average by cluster (the numbers in bold indicate the average value of the highest or lowest factor among the six clusters and can represent the characteristics of each cluster).






Table 5. Factor score average by cluster (the numbers in bold indicate the average value of the highest or lowest factor among the six clusters and can represent the characteristics of each cluster).





	
Factor

	
Cities

	
Factor-1

	
Factor-2

	
Factor-3

	
Factor-4




	
2-1

	
2-2






	
Cluster-1

	
Gwangmyeong, Gunpo, Anyang, Gwacheon, Uiwang, Bucheon, Uijeongbu, Hanam, Guri, Dongducheon, Osan, Ansan, Gapyeong, Seongnam, Siheung

	
0.62999

	
0.44254

	
−0.48388

	
0.39217

	
0.23549




	
Cluster-2

	
Suwon, Icheon, Gimpo, Goyang, Anseong

	
0.35109

	
−0.60356

	
0.08633

	
0.42075

	
−0.05106




	
Cluster-3

	
Gwangju, Namyangju, Yangpyeong, Yongin

	
−0.83973

	
0.63843

	
0.40742

	
−1.96838

	
−0.24216




	
Cluster-4

	
Yeoju, Paju, Yangju, Pocheon, Yeoncheon

	
−1.60644

	
−0.22083

	
0.11427

	
0.02580

	
−0.29516




	
Cluster-5

	
Pyeongtaek

	
0.11024

	
−2.03963

	
1.43641

	
0.13906

	
2.08189




	
Cluster-6

	
Hwaseong

	
0.07547

	
−3.03028

	
3.18919

	
−0.38086

	
−2.91448
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