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Abstract

:

In a national park master plan, functional zoning plays a key role in developing differentiated zoning controls that achieve multiple park construction objectives. In this study, a geographical attribute code and basic zoning elements are developed for the proposed “Ailaoshan-Wuliangshan” National Park, followed by the development of spatial multi-criteria sets and weight sets to determine the suitability of the land. Next, we use a clustering algorithm and conflict unit prioritization to allocate space for multi-target units to get the preliminary zoning schemes, and then identify stable units and unstable units through sensitivity analysis. Ultimately, the functional zoning of the National Park was determined. According to the results, the proposed “Ailaoshan-Wuliangshan” National Park can be divided into nine types of 164 landscape units; the highest land suitability values of each zone showed the traits of differentiation and aggregation in spatial distribution; there are 97 stable units and 67 unstable units; approximately 62.83% and 37.17% of the total park area can be divided into core conservation area (primary sensitive area and secondary sensitive area) and general control area (ecological activity area and ecological control area). By implementing a comprehensive assessment and decision-making process, the defined functional zones are precise and simple to recognize on the ground, and they adhere to the area proportions needed by national standards. Furthermore, the functional zoning is clustered, which avoids the fragmentation of the zoning results causing difficulties in management, and serves as a point of reference for the functional zoning approaches used in other proposed national parks in China.
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1. Introduction


In 2019, China put forward a policy to establish a system of nature reserves with national parks as the mainstay, and thus, the development of national parks in China has entered a new period [1]. According to the latest standards for establishing national parks in China, the main purpose of national parks is to protect natural ecosystems and to achieve scientific conservation and rational use of natural resources [2]. Worldwide, zoning designs are commonly used in order to balance conservation and development needs while making sure that integrated service functions of national parks can be fully realized [3], but the designs vary widely and have their own characteristics depending on the conflict between conservation and exploitation. For example, the United States has adopted a traditional zoning model with more refined sub-zones under each type of functional zoning to enhance management [4]. Germany’s zoning plan embodies the idea of dynamic zoning [5]. New Zealand’s national park zoning plan adopts a management zoning and special zoning approach [6]. Japan’s national park zoning has a distinction between reflecting special areas and general areas [7]. According to the current planning and zoning scheme of China’s national parks, they are generally divided into two control zones based on the protection level, core conservation areas and general control areas [8]. Some of the pilot national parks will, on the basis of the above-mentioned control zones, also carry more specific functional zones on the basis of the division of core areas, buffer areas, and experimental areas of the original types of protected areas [9].



Since 1983, foreign countries have put forward the concept of zoning and ideas and some basic principles and steps for the functional zoning of national parks. With the rapid development of national parks, the combination of qualitative and quantitative research on the functional zoning of national parks is becoming increasingly closer. Scholars from many countries have explored the construction of functional zoning evaluation index systems from both natural and social perspectives, such as ecological conservation perspective, Recreation Opportunity Spectrum (ROS), ecosystem health evaluation, stakeholder perspective, resource type or landscape type perspective, and animal behavior [10,11,12,13,14,15], and a variety of quantitative methods have been used for development planning and management implementation plans for national parks, including GAP analysis, landscape suitability assessment, spatial overlay, multivariate analysis, habitat distribution models, and condition value assessment methods [16,17,18,19,20,21,22,23]. The relevant functional zoning methods in China are currently diversified, but there are problems such as vague method descriptions, often unclear methods for graded zoning, and a lack of intuitive and operable zoning methods [24]. It is not conducive to the implementation of refined zoning controls. Thus, it is imperative to strengthen research on zoning methods for national parks.



Decisions about the functional zoning of national parks require the assessment of multiple land attributes against multiple objectives, which are inherently conflicting. In DSS (decision support systems), MCDA (Multi-Criteria Decision Analysis) is a method of comparing alternative courses of action based on multiple factors and identifying the most optimal path forward [25,26]. These methods employed include structuring decision problems, performing sensitivity analyses, increasing transparency, and enhancing the visual representation of results [27]. By using a multi-criteria decision analysis process, alternatives can be compared based on a set of clear criteria addressing the most relevant factors. Geneletti and Duren (2008) used MCDA for land suitability evaluation and completed an optimal adjustment of natural park zoning schemes through cluster analysis [22]. Randal et al. (2010) used MCDAS (a custom software application integrating GIS and MCDA) for management planning studies in forest landscapes [28]. Bereket et al. (2016) combined MCDA with GIS and developed a spatial zoning method for multipurpose marine protected areas through stakeholder consultation [29]. All of these studies mentioned above need to address the question of how to achieve optimal decision making in the context of spatial planning, with multiple objectives. As Linkov et al. argue [27], Multi-criteria decision analysis is well suited to participatory settings involving different objectives and different stakeholders. Therefore, this method is highly beneficial when applied to spatial planning.



In this study, MCDA is combined with GIS and applied for hierarchical functional zoning, using the proposed “Ailaoshan-Wuliangshan” National Park (AWNP) as an example. These areas cover a wide range of potentially conflicting conservation or identification targets with complex relationships. In the methods section, we explain the method of identifying landscape units and how to build up a set of evaluation criteria and combine them with stability tests to complete the assignment of landscape units. In the results section, we show the final scheme of the first-level zone and second-level zoning, reflecting the concept of refined and differentiated hierarchical zoning, alleviating related conflict issues and better balancing nature conservation and regional development. It is hoped that this will provide a reference for other national parks, especially those with a relatively fragmented spatial distribution, in terms of functional zoning methods.




2. Materials and Methods


2.1. Study Area


The proposed “Ailaoshan-Wuliangshan” National Park (AWNP) is located in the central part of Yunnan Province, which is the southern extension of the Hengduan Mountains and is in the area where four states (cities), namely Pu’er City, Yuxi City, Chuxiong Yi Autonomous Prefecture and Dali Bai Autonomous Prefecture, are connected. It is based on the results of the Yunnan Provincial Nature Reserve Consolidation and Optimization Plan carried out in 2020, which covers two national nature reserves, namely the Ailao Mountain National Nature Reserve and the Wuliang Mountain National Nature Reserve, as well as a number of provincial reserves and nature parks. From 2020 to 2022, the Yunnan Provincial Government commissioned the Kunming Branch of the Chinese Academy of Sciences and other institutions to conduct several scientific investigations and feasibility studies on the proposed AWNP, and completed the project declaration. The proposed AWNP’s spatial distribution, unlike many national parks, tends to be linear and more fragmented, covering 1537.33 km2 in total. Ailaoshan, Wuliangshan, and Konglonghe are the three areas of the park, while an ecological corridor links Ailaoshan with Wuliangshan (Figure 1).



The proposed AWNP is rich in natural resources and is an invaluable corridor for tropical to temperate transitions, species migration and gene exchange in mainland Asia. It is one of eight migratory routes for migratory birds worldwide. This area is characterized by a high diversity of species, including 12 species of national class I protected animals, represented by the eastern black crested gibbon (Nomascus nasutus). It is also the main distribution area for eastern black crested gibbons in the world, holding over 90% of the extant population. There are also four national Class I protected plants in the proposed AWNP, and the forest preserves the largest area of montane evergreen broad-leaved forest in the subtropical region of China. The proposed AWNP region is rich in cultural resources, such as the Ancient Tea Horse Road, where the long-standing tea culture contributed to the economic development and cultural exchanges in ancient China. When the boundaries of the proposed national park were delineated, the villages in the area were divided on the periphery of the boundary, where ethnic groups such as the Yi, Hani and Yao live, creating a diverse ethnic culture. The proposed AWNP is, therefore, of great conservation and research value.




2.2. Data Sources and Processing


The data collected in this study mainly includes geographic information data, remote sensing image data and related textual information, as follows: land-use vector data (from the Second National Land Survey), soil-type vector data (from the World Soil Database, HWSD), vegetation cover-type vector data (from the Yunnan Provincial Forest Resources Class II Survey), and endangered animal habitat-range vector data (provided by the Southwest Forestry University team) within the proposed AWNP and its surrounding areas. Satellite imagery, DEM grid data, and vector data such as water system waters, settlements, tourist attractions, roads, traffic service points, and leisure and recreation points are downloaded through Bigemap GIS Office software. The vector boundary of the proposed national park is provided by the Kunming Branch of the Chinese Academy of Sciences. The textual material, including the AWNP construction proposal and other related drafts, was provided by the Yunnan Forestry Research and Planning Institute and the Southwest Forestry University team. The existing data was subsequently updated through the local Forestry and Grassland Bureau in collaboration with the Natural Resources Bureau and in conjunction with field research. In order to keep the relevant raster data consistent, all raster data was resampled to an image size of 30 m × 30 m for subsequent analysis.




2.3. Methods


We defined three zones for the analysis process in order to simplify the subsequent process and determine the final scheme: Zone A (core conservation areas), Zone B1 (ecological activity areas), and Zone B2 (ecological control areas), which are based on the Chinese “two-zone system” (core protection zone and general control zone). Specifically, Zone A is a first-level zone, which, in the final scheme, will be specifically divided into two second-level zones, primary sensitive areas and secondary sensitive areas. On the other hand, the B1 and B2 zones are secondary subzones under the general control zone. This is due to the more complex and multi-purpose nature of the general control area. By doing so, the secondary zoning plan for the general control zone can be made more accurate.



The methodology of this thesis consists of five stages (Figure 2). Firstly, the proposed AWNP area is divided into landscape units of the same nature. In phase two, a spatial multi-criteria analysis was carried out to complete the land suitability evaluation of the park. In the third phase, the spatial multi-target unit allocation is carried out, the conflicting units are identified and redistributed, and the preliminary partition results are generated. In the fourth stage, the stable and unstable units are identified through sensitivity analysis tests. Finally, the allocation of unstable units is completed and the first-level zoning and the second-level zoning are finalized.



2.3.1. Landscape Unit Delineation


Typically, a landscape unit (land unit) is defined as an area with similar geographical characteristics [30], such as topography, land use type, soil type, etc. As a parcel of land within a small and homogeneous geographical scale, rather than based on administrative or land-use boundaries. Consequently, landscape units of the same type were used as the basic zoning elements for this study.



Firstly, the four raster data of slope classification, elevation classification, land-use type and soil type were overlaid and processed using ArcGIS and ENVI to update the attribute codes (Table 1). A preliminary raster map of landscape units with both natural and socio-economic attributes was generated, comprising a total of 15,057 landscape units of 113 types. With too many landscape units the zoning results may be too fragmented, making the zoning scheme unreasonable and difficult to manage [31]. Therefore, we combine landscape units smaller than 100 hectares with the most similar neighboring units. This is supplemented by visual interpretation of remote sensing images to check and correct the boundaries of the landscape units. Ultimately, the proposed AWNP was divided into nine types of landscape units totaling 164 (Figure 3).




2.3.2. Spatial Multi-Criteria Analysis


To evaluate the relevance of different landscape units to different functional zones, two types of criteria, biotic and abiotic, need to be developed [32]. As Zone A is dominated by strict protection, the assessment of this zone is only relevant to ecological protection. As for Zone B1, it is dominated by landscape resources and distinguishes between agricultural landscapes with tourism value and areas within the proposed AWNP that are adjacent to tourist attractions. Unlike Zone B1, Zone B2 uses artificial facilities that have the greatest human impact for assessment. It focuses on the areas with the greatest human impact and requiring controlled restoration. To assess land suitability in each of the different zoning districts, three criteria were identified through consultation with experts (Table 2). Then, MCDA is used to group these criteria into suitability indices, which are assigned to each mapping unit for subsequent spatial multi-criteria analysis. We convert the suitability index from its original unit to a uniform and ordered value scale, scoring the criteria in descending order (1 to 5) [33], a step known as standardization [32]. In this process, the habitat index in Area A was graded according to the type of vegetation cover. As eastern black crested gibbons and other national Class I protected animals in the proposed AWNP area mainly inhabit evergreen broad-leaved forests, the evergreen broad-leaved forests were rated the highest suitability index (5 points), and other vegetation cover types were graded in descending order according to their biodiversity conservation value. The Agricultural Landscape Index for Zone B1, on the other hand, uses the current state of land use as the basis for grading. Terraces are rated highest in this index. Other land types are ranked in order of suitability, from largest to smallest, according to the degree of impact of human activity. Except for the two standard indices above, the rest are converted into Euclidean distance rasters based on the vector data they belong to, and their scores are inversely proportional to their distance from vector points or surfaces [34].



The Analytic Hierarchy Process (AHP) combined with the Experts Grading Method was used for weight evaluation [14]. Given that experts from different research directions may have different opinions on the importance of each criterion, three different sets of weights were determined for each group of criteria (Table 2). We conducted nine more spatial multi-criteria analyses by weighted sums since ecological conservation is the primary goal of national parks, and the core conservation area (Zone A) must be larger than 50% of the total park area [36]. By comparing the results generated by different weight sets and referring to relevant norms and expert opinions, weight set 1 was used for Area A, weight set 2 was used for Zone B1, and weight set 3 was used for Zone B2. In Zone B2, weight set 3 was selected (the proposed AWNP is intersected by a number of roads and has the greatest impact, while the other two criteria are primarily located on the periphery of the AWNP). Based on these weight sets, maps of land suitability for AWNP in zones A, B1, and B2 were determined (Figure 4).



In order to aggregate each of the three land suitability raster data into landscape units, we used ArcGIS to generate a fishing net and calculated the average value of land suitability in each landscape unit to obtain land suitability maps for all landscape units in Zone A, B1, and B2 (Figure 5). Subsequently, we calculated the average between the top 50% and the top 30% of all fishnet sites in each cell separately, in preparation for the subsequent execution of the sensitivity analysis [22].




2.3.3. Spatial Multi-Target Units Allocation


Considering that the proposed AWNP is a fragmented spatial distribution, we use k-means++ for the multi-target unit’s allocation. It allows for a greater concentration of similar landscape units at spatial distances [37]. Firstly, the suitability atlas was obtained by applying the average of all fishing net points in each landscape unit. The average between the top 50% and the average between the top 30% were used as input elements. This was followed by a comparison of the results of the selection of the three functional divisions. When landscape units are selected for only one functional partition, they are assigned directly to that partition, while units selected for two or three functional partitions and units not selected by any partition are noted as “conflicting units” [22]. Through the above process, three sets of conflicting analyses of landscape unit allocations based on different mean values were completed (Figure 6).



Due to the fact that the land suitability maps, to which the three sub-areas belong, are based on different criteria, it is not possible to directly compare their base suitability values. Thus, by converting the base suitable values for each landscape unit to ordinal suitable values, they are made comparable. Since ecological conservation is the primary objective of the National Park, there is a need to balance the cultural and historical landscape with regional development coordination. Therefore, in the priority ranking, Area A has priority over Areas B1 and B2, and Area B1 has priority over Area B2. The allocation of all conflicting units is accomplished by successively meeting the needs of the higher objectives and then removing the needs of all remaining objectives [38]. After that, we obtained three preliminary zoning schemes (Figure 7).



By comparing the three zoning schemes, the sensitivity analysis of all landscape units was carried out, and it was found that the stable and unstable units, that is, landscape units that were not affected by the polymerization method at the time of partition distribution, participated in the landscape units of the zoning to which the polymerization method changed. As the protection of endangered wildlife is one of the most important objectives of the proposed AWNP, in order to determine the final zoning scheme, the unstable units containing the landscape units selected for Zone A were first overlaid with the potential habitat areas of endangered animals represented by the eastern black crested gibbon, and subsequently, the landscape units containing the intersecting parts of the two were assigned to Zone A, while the other unstable units were assigned to Zones B1 and B2, thus, completing the primary functional zoning. The stable units that each zoning district belongs to, since they are not sensitive to changes in aggregation methods, are considered the areas that best meet the criteria for that zoning district. Therefore, the stable units in Zone A are classified as primary sensitive areas. The areas that were formerly part of the conflict units and allocated to Zone A are classified as secondary sensitive areas. In contrast, the conversion of the original cardinal suitability values of the landscape units to ordinal suitability values has the greatest impact on zone B2, as the suitability map for this zone is generated using vector lines (roads) with vector points (surrounding villages and transport facilities) as standard elements. Within the proposed AWNP, the zone has a suitability value of mostly 0, with higher values concentrated in a few narrow-banded areas. Consequently, the values become smooth when aggregated to the landscape unit to which the overall suitability mean is applied. However, they become prominent when the other two aggregation methods are applied. In view of these characteristics, this study overlays the unstable units assigned to the general control area with the suitability map belonging to zone B2, and within each unstable unit, when the suitability value ≥ 0.5 and accounts for more than 50% of the area of the unit, the unit is classified as an ecological control area (zone B2), and when the standard is not met, it is classified as an ecological activity area (zone B1). By calculating, the remaining unstable unit allocation is completed and the secondary functional division is determined (Figure 8).






3. Results and Analysis


3.1. Characterization of Landscape Units


In the Wuliangshan area, located in the western part of the proposed AWNP, the number of landscape units subdivided is small, and the units are large and relatively intact, except in the northwestern part. The northern part of the Wuliang Mountains is a narrower, taller section of the entire Wuliang Mountains and has a more complex ecological environment. The canyon is part of a juxtaposition formed by the recent uplift of the mountains, disintegration of the plateau, and deep river cuts. In the other two areas, the number of landscape units is larger. The fragmented distribution of landscape units is most evident in the northern and southeastern parts of the Ailaoshan area and the central part of the Konglonghe area. The north of Ailao Mountain is narrow and tight, the ground is rugged, and the elevation is very different, and the southeast is a beaded landscape of gorges and basins. In the middle of the Konglonghe area, there are river valleys surrounded by high mountains, and multiple river terraces are visible (Figure 3).




3.2. Distribution Characteristics of Different Suitability Values


The highest land suitability values in Zone A are mainly found in the southeastern part of the Wuliangshan area, the north-central part of the Ailaoshan area and the southeastern part of the area. The first area is 1900–2700 m above sea level and the main vegetation type is broad-leaved evergreen forest. The second and third areas are at an altitude of 2200–3000 m. The vegetation type is mainly broad-leaved evergreen forests with warm coniferous forests, bamboo forests and shrubs. Most of these three areas overlap with endangered animal habitats. The highest land suitability values in Zone B1 are mainly found in the central and northwestern part of the Wuliangshan area, in the larger area in the central part of the Ailaoshan area and in the smaller area scattered in the northern and southeastern part of the Ailaoshan area and in the southeastern part of the Konglonghe area. These areas contain tourist attractions and are adjacent to villages, with some areas interspersed with complex site types. Despite the fact that land suitability values for Zone B2 were generated from linear and point vector data, three areas stand out as being of high suitability. They are located in a narrow area in the northern part of the Wuliangshan area and in the southeastern and northwestern parts of the Ailaoshan area adjacent to the ecological corridor. These areas have higher-level roads that pass through them and are near traffic service facilities (Figure 4).



The land suitability maps for all landscape units in Zones A, B1, and B2 provide a more visual and comprehensive comparison of the distribution of suitability values for different criteria within the proposed AWNP (Figure 5).




3.3. Zoning Assessment


By comparing the landscape unit allocation conflict analysis diagram (Figure 6), Zone B2 are most significantly affected after allocation using different suitability averages, as the suitability values for Zone B2 are generated from linear and point vector data. These values are smoothed out when the overall mean is applied to the landscape cells, but they become prominent when other methods are applied [22]. As a result, the distribution of conflict and non-conflict units has changed more significantly as a whole. When the overall average is applied, the conflict cells cover 71.68% of the area within the proposed AWNP. However, when the top 50% average and top 30% average are applied, the conflict cells cover 35.97% and 55.94% of the area within the proposed AWNP, respectively. The landscape units more consistently allocated to Area A are mainly located in the southeastern part of the Wuliangshan area and the southeastern part of the Ailaoshan area, while only small scattered landscape units are consistently allocated to Zones B1 and B2. The units that have not been selected by any of the sub-regions and are more stable are concentrated in two areas in the southeastern part of the Ailaoshan area. The area to the north is in the range of 1950–3348 m above sea level, making a very big difference in height, including the highest mountain peak in the Ailaoshan area. These two areas are far from water sources, have less overlap with potential habitats for endangered animals, and are far enough away from villages and tourist attractions that no roads cross them.



Comparing the three preliminary zoning scenarios for completing the allocation of conflict units (Figure 7), the portion of the stable allocation to Zone A, in addition to the two areas mentioned previously, is the southern part of the Konglonghe area. Most of the area is a low mountain valley between 537–1660 m above sea level, the lowest elevation in the proposed AWNP, and overall, part of the Dry-hot Valley adjacent to the Red River system. Due to the steep topography and dryness, the area is ecologically fragile with short channels, sparse water flow, and significant seasonal changes. The portion of the stable allocation to Zone B1 and Zone B2, with the exception of the south-central part of the Ailaoshan area, is the higher suitability value to which Zone B1 and Zone B2 each belong. Due to the small number of rural roads and science stations distributed in the south-central part of the Mourned Mountains area, the suitability values for Zone B2 are more prominently ranked when they are aggregated into larger landscape units, and are, therefore, consistently assigned to Zone B2.



Comparing the stable and unstable units, the stable units cover 41.24% of the proposed AWNP. In contrast, the unstable units fluctuating between zones A, B1, and B2 cover 23.29% of the park. These units are mainly located in the central part of the Wuliangshan area, the southeastern part of the Ailao Mountain area and the northwestern part of the Konglonghe area. These areas are where both potential habitats for endangered animals and tourist attractions are located. The vegetation type is mainly evergreen broad-leaved forest, adjacent to villages and roads. A total of 15% of the park consists of unstable units that fluctuate between zones A and B1. They are mainly located in the southeastern part of the Wuliangshan area, the central part of the Ailaoshan area, and the Konglonghe area. Most of these units are adjacent to rivers or water sources, as well as villages and contain a variety of land types. The unstable units fluctuating between zones A and B2 cover 17.24% of the AWNP, and they are mainly located in the south-central and northern parts of the Ailaoshan area, as well as in the northern scattered units of the Konglonghe area. There is a high ecological value to these units, but they are located closer to the road. Finally, only three units fluctuate between zones B1 and B2, which cover 3.23% of the park, the largest of which is located in the northwestern part of the Wulianghshan area, adjacent to the village and containing tourist attractions, but also with roads distributed about the periphery of the unit (Figure 8).



According to the final zoning results (Figure 8), the first-level zoning includes the Core Protection Zone and the General Control Zone. The core conservation area (Zone A) covers an area of 965.83 km2 (62.83%) and the general control area (Zones B1 and B2) covers an area of 571.50 km2 (37.17%). The core conservation area is divided into two subzones, namely the primary sensitive area and secondary sensitive area, based on ecological sensitivity and conservation priority. The general control area is divided into an ecological activity area (Zone B1) and an ecological control area (Zone B2). Within the core conservation area, the primary sensitive area covers 364.03 km2, accounting for 37.71% of the core conservation area, and the secondary sensitive area covers 601.80 km2, accounting for 62.29% of the core conservation area. Within the general control area, the ecological activity area covers 384.27 km2, accounting for 67.24% of the general control area, and the ecological control area covers 187.23 km2, accounting for 32.76% of the general control area.





4. Discussion


4.1. Scientific and Innovative


Taken as a whole, although the decision analysis process in this study is cumbersome, it is composed of a rigorous and orderly set of steps. It is possible to check and supplement the various data layers at any time, as well as to update the settings of the different criteria and targets. In addition, it is possible to carry out comparative analyses using the corresponding indicators and the different weights assigned to them. These findings confirm the assertions of Zhang et al. (2013) that this zoning method offers full flexibility and transparency [39]. From the initial analysis, the basic zoning elements of this study are landscape units with homogeneity, and the landscape units that complete the post-classification treatment are sufficiently large and representative of the overall national park space [30]. In contrast, if only grid cells are used for subsequent zoning studies, not only is the shape single and the area fixed, but also the boundaries of the cells are not easily and accurately identified on the ground, resulting in a final zoning scheme that is not suitable for practical application. In terms of intermediate processes, multi-criteria analysis and multi-objective allocation combined with sensitivity analysis tests show which areas are stable in the allocation process and which units need further study. It is also useful for national park managers to take a more comprehensive look at the impact of different criteria and prioritization on zoning outcomes. This will enable them to decide whether more information and data need to be collected on certain aspects. Geneletti and Duren’s (2008) approach to zoning natural parks [22], while not suggesting how to determine the final zoning scheme, has helped us to understand the use of MCDA in conjunction with land suitability assessment and cluster analysis. We build on this approach and further propose how to determine the final zoning scheme and achieve a hierarchical zoning method. According to the final zoning scheme, both primary zoning schemes conform to the national norm of “two zones” [36] and secondary zoning schemes based on primary zoning, which fully take into account the multi-functional nature of national parks [1] and better balance the relationship between conservation and development.




4.2. Limitations and Future Research


From the analysis process and data: Firstly, the delineation of landscape units is based on natural and landscape features [30]. As the criteria and suitability indices are mainly determined by natural and landscape factors, it is reasonable to combine the suitability indices of zones A and B1 into these landscape units, while this may not be accurate and reasonable for zone B2, where the criteria and suitability indices are mainly determined by other factors. Thus, this point still needs further research. Secondly, for a more accurate land suitability assessment, existing data needs to be supplemented and updated, especially more comprehensive and precise data on the distribution of endangered species. Additionally, data such as pedestrian volume in the proposed AWNP area and the carrying capacity of the tourism infrastructure need to be collected and calculated and taken into account [40]. Furthermore, with regard to the allocation of conflict and unstable units, there is a need for further field research and the collection of various types of data from the relevant regions to complete the allocation of these units in a more scientific manner.



From the evaluation indicator system and zoning results: This study uses a mechanical method that emphasizes quantification, but national parks are not only natural spaces. If, as Hidle (2019) argues, only the state’s interest in managing and controlling natural parks is considered at the expense of local stakeholders [41]. Then, there is a loss for both the park and the people, which can affect the subsequent balance of conservation and development objectives, especially for such ribbon and dispersed national parks, to the detriment of adjacent communities and visitors coming to experience the resources of the different geographical locations. Thus, as Eugenio et al. (2022) argue, the management of natural spaces cannot be considered a separate issue [42]. Although indicators related to social factors were used in this study, more social factors need to be included in other ways for the study of zoning methods. The system of evaluation indicators is supplemented by social surveys, for example, to increase the applicability of this method and make it more in line with the reality of the social-ecological system. In addition, we should combine the ROS theory with Manning’s Managing Outdoor Recreation strategies and practices framework [43], and add secondary zoning, such as management service areas, to improve the ease of use, generalizability, and more comprehensive and rational achievement of zoning control in this study.



From the proposed ecological corridor: Within the ecological corridor that connects the Ailaoshan area with the Wuliangshan area, some areas of the ecological corridor are exposed to human disturbance due to the distribution of settlements and roads. Human disturbance may damage the restoration of potential ecological corridors [3]. Therefore, additional ecological corridors should be created at key locations that impede wildlife migration. This is an issue that cannot be ignored by national park authorities and still requires further research to address.





5. Conclusions


This study proposes a hierarchical zoning approach to explore how national parks can achieve finer and more differentiated zoning control and better balance conservation and development. This multi-use zoning approach takes into account the characteristics and conservation needs of different natural ecosystems, as well as the needs of society for the use of national park resources. We have improved and enhanced the zoning methodology of Geneletti and Duren (2008) [22] to further suggest how to determine the final zoning scheme and achieve hierarchical functional zoning. It provides a theoretical reference and methodological complement to the study of national park zoning methods. In addition, if extended to the area surrounding the park, the land suitability analysis and multi-target land allocation can be used to support the optimal adjustment of national park boundaries.



This method allows national park authorities and other stakeholders to understand the process of grading zones in a clear and transparent way. It is robust and flexible, and it is relatively easy to re-plan functional zoning even if new relevant policies are introduced in the future or the evaluation of the importance of a factor is changed. Sensitivity analysis helps managers, stakeholders, and the public to anticipate how well nature conservation, community development, and construction objectives will be implemented under different zoning scenarios, which avoids confusion in the communication process and helps park authorities to determine whether more data needs to be collected on certain aspects. In fact, according to our finalized first-level zone and second-level zoning scheme, it can provide a reference for the management agencies to develop zoning control measures. For example, in primary and secondary sensitive areas, different degrees of strict protection measures are implemented; in ecological activity areas, routes and designated areas are planned for ecological experience and science education activities; in ecological control areas, ecological restoration and ecological transformation of facilities are implemented [44,45].



Nevertheless, there is room for improvement in this study, as the data currently available is limited and there are some subjective assumptions in the planning of the zoning process. We also need to consider more social factors. In conclusion, the zoning method in this paper is able to combine theory with practice and hopefully contribute to the establishment of a nature reserve system with Chinese characteristics, with national parks as the mainstay.
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Figure 1. The study area location. 
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Figure 2. The technical flowchart of this study. 






Figure 2. The technical flowchart of this study.



[image: Land 11 01882 g002]







[image: Land 11 01882 g003 550] 





Figure 3. Landscape unit map for the proposed AWNP. 
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Figure 4. Land suitability maps for Zones A, B1, and B2. 
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Figure 5. Landscape unit suitability maps for Zones A, B1, and B2. 






Figure 5. Landscape unit suitability maps for Zones A, B1, and B2.



[image: Land 11 01882 g005]







[image: Land 11 01882 g006 550] 





Figure 6. Landscape unit assignment conflict analysis (01, average; 02, average among best 50% cells; 03, average among best 30% cells). 
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Figure 7. Comparison of preliminary zoning schemes (01, average; 02, average among best 50% cells; 03, average among best 30% cells). 
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Figure 8. 01, Sensitivity analysis test; 02, First-level functional zoning; 03, Second-level functional zoning. 
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Table 1. Landscape unit attribute coding.






Table 1. Landscape unit attribute coding.





	
Data Type

	
Classification

	
Code

	
Data Types

	
Classification

	
Code






	
Altitude

	
537–1312 m

	
1

	
Slope

	
3–10%

	
1




	
1312–1912 m

	
2

	
10–25%

	
2




	
1912–2337 m

	
3

	
25–50%

	
3




	
2337–2628 m

	
4

	
50–100%

	
4




	
2628–3348 m

	
5

	
Land use type

	
Arboreal forest

	
01




	
Soil

	
LVg

	
01

	
Construction land

	
02




	
LVk

	
02

	
Cultivated land

	
03




	
LVj

	
03

	
Temporary land use

	
04




	
PZg

	
04

	
Immature forest land

	
05




	
PDd

	
05

	
Water area

	
06




	
CMd

	
06

	
Shrub land

	
07




	
GLe

	
07

	
Barren hills and wasteland

	
08




	
CMx

	
08

	
Unused land

	
09




	
CMc

	
09

	
Harvested land

	
10




	
LVh

	
10

	
Open woodland

	
11




	
GLu

	
11

	

	








Notes: 110101: Indicates tree woodland of type 537 m–1312 m above sea level, with a slope of 3–10% (gently sloping land) and a soil type LVg. Altitude classification: Divided into 5 levels according to the natural breakpoint method. Soil classification: The soil classification system used is FAO-90.
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Table 2. Criterion sets and weight sets.
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Criterion Sets

	
Zone A

	
Zone B1

	
Zone B2






	

	
VT

	
HEA

	
RWS

	
ATA

	
VAL

	
AL

	
TSF

	
RF

	
R




	
weight sets 1

	
0.4

	
0.4

	
0.2

	
0.4

	
0.4

	
0.2

	
0.4

	
0.4

	
0.2




	
weight sets 2

	
0.333

	
0.333

	
0.333

	
0.333

	
0.333

	
0.333

	
0.333

	
0.333

	
0.333




	
weight sets 3

	
0.275

	
0.275

	
0.450

	
0.275

	
0.275

	
0.450

	
0.275

	
0.275

	
0.450








Notes: VT = Vegetation type (Evergreen broad-leaved forest is 5 points, deciduous broad-leaved forest and bamboo forest are 4 points, warm coniferous forest is 3 points, shrub is 2 points, and non-woodland is 1 point). HEA = Habitat for endangered animals (Available habitat extent data are dominated by potential habitat and are subject to further research). RWS = River water sources. ATA = Available tourist attractions. VAL = Village architectural landscape (Mainly located on the periphery of the proposed AWNP boundary, only 2 villages are located within the park). AL = Agricultural landscape (5 points for arable land (terraces), 4 points for planted forest, 3 points for building land, and 1 point for other natural forest). TSF = traffic services facilities (Mainly located on the periphery of the proposed AWNP boundary). RF = Recreational facilities (All located on the periphery of the proposed AWNP boundary). R = Roads (According to the relevant specification [35], a straight line distance of 1 km on both sides of the road is converted by ArcGIS into an equidistant raster).
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