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Abstract: The continuous improvement of international protection awareness has dramatically in-
creased the number of protection organizations and promoted various reserve-naming methods.
However, the existing global natural reserves have either fully or partially overlapped, thereby
allowing the same region to hold various international titles, resulting in serious issues, which are
especially manifested in the boundary delimitation process of natural reserves. Therefore, delimiting
the titles of reserve borders will become an enormous challenge in protected-area governance world-
wide. This study conducted an in-depth investigation of the technical methods for delineating the
spatial boundaries of natural reserves. Taking Jiangshan Nature Reserve in China as the case object,
the Candidate Area–Natural background–Heritage Resource–Construction (C-NHC) framework was
constructed, and the boundaries of the new reserves were delineated. This study has changed the
status quo of the spatial overlap of the reserve through the quantitative evaluation of the conflict
patches and the triple optimization of the boundary of the reserve. The area of the new reserve is
150.524 km2, which is 6.682 km2 larger than the original one. The original reserves are all included
within the scope of the new one. This study provides guidance and new insights into the boundary
delineation of integrated nature reserves worldwide.

Keywords: protected areas; boundary optimization; heritage resource; China

1. Introduction

Industrialization and urbanization continue to expand globally, along with the contin-
uous development of the human society [1,2]. Excessive resource utilization has exacer-
bated the disappearance and fragmentation of habitats [3,4], thereby inducing soil erosion,
environmental pollution [5,6], and biodiversity loss [7]. The International Union for Con-
servation of Nature and its state parties have established numerous natural reserves as
powerful tools for protecting natural resources, maintaining biodiversity [8,9], improving
ecosystem services [10], and introducing economic benefits to the surrounding areas to
cope with the increasingly severe challenges of the ecological environment. The resources
of the reserves are still damaged despite the constantly expanding scale of natural reserves
and may further degrade the ecosystem protection function due to people who are driven
by economic benefits, thus contradicting the original intention of the establishment of
natural reserves [11].

However, the continuous improvement of international protection awareness has dra-
matically increased the number of protection organizations and promoted various reserve
naming methods [12] under different objectives, purposes, and management requirements,
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thereby causing the same region to hold two, three, or even four international titles [13].
Natural reserves with multiple titles reflect the high value of environmental protection
and sustainable development. However, the existence of multiple titles also causes several
problems, as follows [14]:

First, different titles lead to differences in protection objects and management modes,
and the various monitoring and reporting requirements may instigate some conflicts
and consequently increase the workload of the reserves. Second, constructing a unified
management model in the absence of national regulations and controls is difficult due
to a lack of communication and coordination among the institutions and departments
involved in the management of multi-title reserves. Third, large spatial differences among
the different titles of the same nature reserve may exist; that is, the boundaries of the reserve
may be non-overlapping. Therefore, the difficulty in managing the reserves may increase.
Fourth, multiple titles elicit confusion in the reserve identification system and weaken the
effectiveness of international protection titles, thereby hindering the satisfactory fulfilment
of the corresponding roles. Fifth, the international influence created by the multiple titles
of natural reserves promotes the development of local tourists but also induces substantial
pressure on the management.

The complex correspondence between the various types of protection and resource
causes the widespread phenomenon of overlapping protection objects in Jiangshan, and this
wastes the resources and aggravates conflicts in protection provisions and departments [15].
Therefore, solving the problem of overlapping boundaries of protected areas caused by the
overlapping of multiple international designated areas and delimiting scientific protected
area boundaries are of considerable importance for realizing efficient management of
natural protected areas in Jiangshan. We conducted an in-depth study of this difficult
problem to provide technical support for the boundary demarcation in the integration of
protected areas in Jiangshan.

In this paper, a technical framework for the delimitation of nature reserves in Jiangshan
is proposed. Different suggestions for the development of multi-title natural reserves from
three levels, namely local managers, national institutions, and international organizations,
have been proposed by the existing studies. However, most of these suggestions remain in
the policy and theoretical guidance levels, fail to clearly define the spatial scope of multi-title
nature reserve, and lack the methods for delineating the boundaries of nature reserves. This
study proposes an evaluation index system for the integration and optimization of reserve
boundaries on the basis of the Candidate Area–Natural background–Heritage Resource–
Construction (C-NHC) framework; optimizes the boundaries of natural reserves on the
basis of the characteristics of the resource background, heritage resource characteristics,
and construction management conditions thrice; and establishes a set of identifiable and
popularized technical framework for the demarcation of the boundaries of natural reserves
that will exert an extensive influence on the in-depth analysis of the spatial pattern of
natural reserves in the future, improvement of the planning and management, and overall
promotion of the construction of natural reserves. This technical framework can provide a
useful reference for the boundary delimitation of nature reserves in China and even the
world.

2. Socioecological Framework

The goal of optimizing the boundary of the reserves must be addressed to solve the
problems caused by the fragmentation of the administrative areas [16]. Therefore, the
principle of integration and merging of adjacent reserves was established in this study.
Adjacent reserves within the same geographical unit that possess strong ecosystem in-
tegrity, similar protected objects, and satisfactory management conditions were integrated
preferentially [17]. Therefore, the overlapping areas after the integration of the adjacent
reserves are processed in accordance with the principle of “no decrease in strength, no
decrease in area, and no change in properties”.
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The delimitation of the boundary of natural reserves should involve the establishment
of an effective connection through land space planning and concurrently focus on the
coordination of natural reserves with the urban development boundary, permanent basic
farmland, and ecological protection red line to conduct element-based, micro, and precise
assessments of the suitability of land space utilization and preliminarily delimit the waiting
area of natural reserves. In addition, the development and utilization of territorial spaces
should match the carrying capacity of the resources and environment to guide the position-
ing of regional main functions, clarify the order of the territorial space development, and
improve the utilization efficiency of the territorial spaces.

The characteristics of the natural resources, such as topographical features, hydrolog-
ical basins, soils, and flora and fauna in the natural protected areas, are the cornerstone
of the natural ecological protection framework. This framework provides a basic analysis
unit for the construction and boundary demarcation of the reserves. Most of the existing
studies use natural geographical units as the basis for such demarcation [18,19]. The initial
boundary is regarded as the reference for the superposition of the vegetation, climate,
soil, animal zoning, and other elements to form the spatial boundary of natural reserve
lands [20,21]. This study performed the preliminary aggregation and optimization for the
boundaries of nature reserves based on their background characteristics.

Integrity is an internationally recognized principle of world heritage protection [22]. In
Recommendation concerning the Preservation of Cultural Property endangered by Public
or Private Works, which was formulated in 1968, UNESCO mentioned that the preservation
of monuments should be an absolute requirement of any well-designed plan for urban
redevelopment, especially in historic cities or districts. Similar regulations should cover the
area surrounding a scheduled monument or site and its setting to preserve its association
and character [23]. While integrity was introduced only recently (2005), it was an implicit
quality for many cultural properties even before it was formally named [24]. Recent appli-
cations of the integrity principle in the context of heritage conservation place an emphasis
on assessing and maintaining the outstanding universal value and complete representation
of both natural and cultural heritage features and their attributes [25]. On the basis of
protecting ecosystem integrity and biodiversity and maintaining landscape characteristics,
this study extracted the three aspects of the spatial elements, namely ecological corridor,
patch and matrix, and natural and human landscape elements, as well as other heritage
resource characteristics, to delimit the boundary of the reserves according to guidelines
and specifications.

From the perspective of practical constraints, the management status and construction
conditions of the reserves are important factors that influence the cost of implementing
a new space control system and, thus, directly determine whether the delimitation of
the boundaries of nature reserves can be strictly and effectively implemented [26]. This
study combines and adjusts the specific situation of space control and human development
and construction activities [27,28] based on the comprehensive evaluation of the resource
background and characteristics of the heritage resources to execute the tertiary optimization
of natural reserve boundaries.

A C-NHC framework was constructed in this study to perform the boundary delin-
eation and tertiary optimization of a new reserve. First, the preliminary candidate areas of
the reserve range are selected by constructing the evaluation index system. Second, the
core elements of the reserve boundary optimization are selected to evaluate the resource
background elements for the initial aggregation optimization. Finally, the secondary op-
timization range is obtained by combining the characteristics of the heritage resources,
and the third optimization is completed by connecting the existing construction regulation
conditions to generate a new nature-reserve boundary.
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3. Methods and Data
3.1. Preliminary Selection of the Candidate Areas within the Reserve

As an important part of the territorial space planning system, the construction of a
natural reserve system must strengthen the connection between the natural reserve plan and
the national spatial planning and comprehensively evaluate the conflicts among the spatial
layout of the natural reserve, urban development boundary, red line for the permanent
basic farmland protection, and ecological red line. On this basis, the spatial grid evaluation
of natural reserves is performed to evaluate and compare the ecological land use, cultivated
land, and urban development needs of the conflicting spots [29]. Grid evaluation can refer
to the evaluation model of Foundation-Process Management. To integrate protected areas,
the natural factors of the land resources; transportation conditions; spatial location; and
the other factors necessary to construct an evaluation index system, including ecological,
cultivated land, and construction suitability, must be comprehensively considered. The
evaluation unit of this part is the map used in the area. The index is standardized by the
extreme value linear standardization method for dimensionless values between 0 and 100.
It assigns equivalent weight to the suitability factor and the neighborhood influence factor.
The suitability comprehensive index of each land type can be calculated as follows:

Si= Ci × Ti × Ni = ∏α

j=1 ci,j × (∑β

k=1 ti,kv1k)(∑λ

l=1 ni,lv2l) (1)

where Si is the suitability of the conflict map for the i-th land type; i represents a certain
land type (ecological, cultivated, or construction land); Ci, Ti, and Ni respectively represent
the scores of the restrictive, suitability, and neighborhood influence factors; ci,j denotes
the restriction type of the j-th restriction factor for the i-th land type, where a value of 0
and 1 represents the restriction of the existence of the i and i-th land types, respectively;
ti,k represents the suitability degree of the j-th suitability factor for the i-th land type
and for the positive correlation indicators; ti,k is the normalized value of the k-th index,
which is the difference between 100 and the normalized value of the k-th index for reverse
correlation indicators; and v1k represents the weight of the k-th suitability factor, which is
obtained through the analytic hierarchy process (AHP) [30]. AHP is a structured technique
for organizing and analyzing complex decisions based on mathematics and psychology
(Figure 1). Moreover, ni,l represents the degree of influence of the l-th neighborhood factor
on the i-type land; v2l represents the weight of the first neighborhood influence factor for
positive correlation indicators, which is obtained through AHP; and j, k, and n represent
the number of the restriction, suitability, and neighborhood influence factors, respectively.

On the basis of the calculated land-use competitiveness of conflict maps, the discriminant
matrix is used to qualitatively evaluate the suitable land type for the conflict spot. The
qualitative evaluation results of competitiveness are divided into three categories, namely
high, medium, and low, through the natural breakpoint method (Appendix A, Table A1).
The quantitative structure of various types of land-suitability levels is represented by
statistical charts, and the distribution of various land-use levels is illustrated by the spatial-
distribution-map characteristics. The appropriate land-classification matrix is used to
calculate the appropriate land types of each conflict map. Subsequently, the classified
conflict map and the original map are merged to generate the distribution maps of the
different land types [31].
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3.2. First Optimization: Resource Background Assessment and Initial Aggregation Optimization

After the features of the geomorphology, soil, and vegetation characteristics were
comprehensively analyzed, the corresponding analysis units with similar characteristics
were clustered and classified, and the identified candidate areas for reserve designation
were divided into two areas. These divided areas are PIN and POUT, which refer to the
areas within and outside the original protected area, respectively. The average values
of each resource of PIN and POUT were calculated according to the graded background
characteristics of the resource.

All spots outside the original reserve are reclassified into two categories according
to the similarity of the resource background characteristics, namely potential protected
and non-protected spots. Furthermore, the preliminary candidate range of the reserves is
determined. The similarity is calculated based on Euclidean distance, as follows:

Sim(m, T) = 1/1 +
√

∑q
p=1

(
Vmp −VTp

)2 (2)

where Vmp represents the value of the p-th feature of the m-th spot, and VTp is the average
value of the p-th feature of PIN or POUT [32].

3.3. Second Optimization: Intersection of the Characteristic Elements of Heritage Resources and
Clustering of Resource Bases

This study optimized the intersection between the extracted characteristic elements of the
heritage resources and the clustering results of the resource bases and divided the former into
protection objects while maintaining the conditions under control to ensure the authenticity
and integrity of the ecosystem and the biodiversity of the natural reserves [22,33]. The elements
of the protection objects include all kinds of important natural ecosystems, wild animal
and plant habitats, geological relics, natural landscapes, protected values, and geographical
distribution in the reserve. The priority of the feature extraction of the heritage resources is
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determined by combining the main function orientation and core protection objectives of the
reserve. This step guarantees the integrity, authenticity, connectivity, and systematic nature
of the core protection objectives. Subsequently, the reference elements of the ecosystem and
distribution characteristics of important animals and plants and landscape remains were
extracted in accordance with the patch–corridor–matrix model. Lastly, the boundary of the
reserve was aggregated, smoothed, and re-optimized. Specifically, the important ecological
origins of various ecosystems and habitats of important species were first determined. The
least-resistance model was then used to compute the internal corridor, which was optimized
with adjustments to the computed corridor in combination with the observations on the
solid and species migration corridors. The important environmental matrix, which aims to
ensure the integrity of the ecosystem and species structure, was extracted in accordance
with the network structure comprising patch–corridor after setting a reasonable buffer
width. Finally, all the extracted spatial feature elements were integrated on the basis of the
following principles: the low-security level obeys the high-security level, and the secondary
protection object obeys the primary protection object.

The elements of the regulatory conditions include the spatial distribution and land-
use-right information of the development and production activities involving the minerals,
forest farms, pastures, orchards, fishponds, and farms within the reserve. These factors were
integrated, and the spatial boundaries, which exert a considerable impact on the reserve
space control, were extracted or redefined and combined with the adjusted and optimized
reserve spatial boundaries. Specifically, the existing construction and zoning control
situations in the protected areas should be first coordinated and unified, the implementation
of high-level control boundary should be prioritized, and the adjustment of low-level
control boundary should be optimized. Then, in combination with the current situation
of land use and natural resource development and management, the range dimensions of
land, natural resource development and management, and tourism franchise ownerships
should be clarified, and the boundary between state-owned property rights and collective
or private property rights should be distinguished. Therefore, the development intensity
of collective land, the production and development intensity of natural resources from
private or collective ownership, and the profitability and the development intensity of
existing franchises are evaluated. The appropriate assessment and exit of the protected
or core protection areas would be conducted after estimating the space control cost of
different intensities of protected areas, and the boundaries of the reserves would be adjusted.
Combining the above points, the recommended selection of referable elements for the
boundary optimization of protected areas is shown in Table 1:
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Table 1. Referable elements for boundary optimization of protected areas.

First Class Second Class Third Class Referable Elements

Resource background

Topographical unit

Geography and
geomorphy

Elevation, slope, aspect, ridge line, valley
line, river line, forest line, and snow line.

Geological conditions Structural lines, faults, and seepage
conditions.

Natural resource zoning

Hydrology conditions
River basin, drainage divide, water
conservation area, big lake wetland patch,
and groundwater protection zone.

Soil conditions Soil zoning, soil thickness, and soil hardness.

Vegetation conditions
Vegetation zoning, forest coverage,
vegetation canopy density, stand structure,
and tree age structure.

Heritage resource
characteristics

Ecosystem integrity

Ecosystem corridor Material energy connection channel of
ecosystem.

Ecosystem patch Ecological source, ecosystem fragile area, and
ecosystem sensitive area.

Ecosystem matrix Distribution boundary of ecosystem.

Species diversity

Species conservation patch
Distribution density and habitat of key
protected animals and plants (possibly
seasonal).

Species conservation
corridor

Migration or retrogressive passage of key
protected animals (possibly seasonal).

Community complexity Species richness and structural complexity
differentiation.

Biological integrity Integrity differentiation of various species,
such as predator and human species.

Characteristic landscape
relics

Natural heritage and
landscape characteristics

Natural relics or natural landscape densely
distributed areas, natural landscape
connecting corridors, natural landforms, and
landscape zoning.

Humanities landscape
characteristics

Cultural landscape densely distributed area,
cultural landscape connecting corridor, and
cultural ecological zoning.

Construction
management conditions

Construction
management continuity

Protected area situations Construction and zoning control of existing
protected areas.

Land ownership
Land (forest land) ownership, collective
land-development intensity, and ecological
migration cost.

Natural resource
development and

management rights

Management right, development intensity,
and setting cost of easement of privately or
collectively owned natural resources.

Tourism franchise
ownership

Existing privileged management right,
intensity of development, and cost of setting
up the easement.

Administrative authority
boundary

Border of different administrative regions
and spatial boundary of jurisdiction of local
government cross-regional cooperative
organizations.

Construction
management
coordination

Land-use status

Construction of towns and administrative
and natural villages.
Historic and cultural heritage reserve.
Permanent basic farmland.
Exploration and mining rights.
Ecological red line.

National territorial space
planning

Recent major project planning.
Major control line delineation.
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3.4. Third Optimization: Connection and Coordination of the Existing Construction
Control Conditions

With consideration of the management status and construction conditions of the
reserve, the principle of “continuity, stability, conversion, and innovation” is adopted to link
and coordinate the construction control elements and the secondary optimization results.
The land-use-status information provided in the national land-use survey and the space area
of the proposed protected land was superposed and checked to coordinate the residential
construction land, historical and cultural site protection areas, permanent basic farmland,
ecological protection red line, and exploration and mining rights. Afterward, the conflict
area is determined, and the priority rules and compatibility control conditions in conflict
processing are established prior to optimizing the boundary again. The superimposed
status of important road traffic and linear infrastructure distribution map focus on the
analysis of the cutting strength and crossing grade of the linear infrastructure running
through the protected land according to the linear infrastructure, with strong cutting
boundary function fine-tuning of the protected land boundary.

The preliminary delimitation map of the protected land should be overlapped with the
land space and the major project planning maps in equal weight to place the agricultural,
mineral, and major project lands from the preliminary boundary of the protected land as far
as possible. Then, the boundary should be adjusted according to the important control line
defined in the plan to determine the new boundary of the reserve. Figure 2 demonstrates
the technical route mentioned above.

Sustainability 2022, 14, x FOR PEER REVIEW 8 of 31 
 

The preliminary delimitation map of the protected land should be overlapped with 
the land space and the major project planning maps in equal weight to place the agricul-
tural, mineral, and major project lands from the preliminary boundary of the protected 
land as far as possible. Then, the boundary should be adjusted according to the important 
control line defined in the plan to determine the new boundary of the reserve. Figure 2 
demonstrates the technical route mentioned above. 

 
Figure 2. Technical process. 

3.5. Study Area 
The aforementioned problems are eminent in China [34], which has nine types of 

natural reserves. Reserves with different names, such as national scenic spots, national 
nature reserves, and local government-level reserves, exist within the same geographical 
space, thus resulting in overlapping reserve boundaries. To solve the problem of overlap-
ping boundaries of protected areas caused by the overlapping of multiple international 
designated areas, the most significant problem is delimiting scientific protected-area 
boundary, which is of great importance for realizing efficient management of natural pro-
tected areas. Jiangshan, which is located in the mountainous area in the southwest part of 
the Zhejiang province, China, has a total area of 2019.4 km2 and is the headstream of the 
Qiantang River. This area possesses abundant natural mountain water resources, with 
numerous natural reserves. Six natural reserves in Jiangshan, namely Jianglangshan In-
ternational Scenic Spot, Xianxia National Forest Park, Fugaishan Provincial Geological 
Park, Jiangshangang Provincial Wetland Park, Xianxialing Provincial Nature Reserves, 
and the provincial natural reserve of Jindingzi Geological Relics, were selected as research 
objects to study the boundaries of nature reserves (Table 2). The six natural reserves are 
spatially distributed in the north–south direction and are mainly concentrated in the 
southern part of the mountainous and forest area (Figure 3a), which covers a total area of 
186.88 km2. Apart from the provincial natural reserve of Jindingzi, all natural reserves 
have different overlap degrees with the multi-title situation (Figure 3b). The total area of 
the six natural reserves without overlap is 145.2 km2; the overlapped area covers 41.68 
km2, according to statistics. 

  

Figure 2. Technical process.

3.5. Study Area

The aforementioned problems are eminent in China [34], which has nine types of
natural reserves. Reserves with different names, such as national scenic spots, national
nature reserves, and local government-level reserves, exist within the same geographical
space, thus resulting in overlapping reserve boundaries. To solve the problem of overlap-
ping boundaries of protected areas caused by the overlapping of multiple international
designated areas, the most significant problem is delimiting scientific protected-area bound-
ary, which is of great importance for realizing efficient management of natural protected
areas. Jiangshan, which is located in the mountainous area in the southwest part of the
Zhejiang province, China, has a total area of 2019.4 km2 and is the headstream of the
Qiantang River. This area possesses abundant natural mountain water resources, with
numerous natural reserves. Six natural reserves in Jiangshan, namely Jianglangshan Inter-
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national Scenic Spot, Xianxia National Forest Park, Fugaishan Provincial Geological Park,
Jiangshangang Provincial Wetland Park, Xianxialing Provincial Nature Reserves, and the
provincial natural reserve of Jindingzi Geological Relics, were selected as research objects
to study the boundaries of nature reserves (Table 2). The six natural reserves are spatially
distributed in the north–south direction and are mainly concentrated in the southern part
of the mountainous and forest area (Figure 3a), which covers a total area of 186.88 km2.
Apart from the provincial natural reserve of Jindingzi, all natural reserves have different
overlap degrees with the multi-title situation (Figure 3b). The total area of the six natural
reserves without overlap is 145.2 km2; the overlapped area covers 41.68 km2, according to
statistics.

Table 2. Jiangshan nature reserves.

Name Area/hm2 Year Designated

Jianglangshan National Scenic Area 5390 2002
Xianxia National Forest Park 3449.46 2004

Fugaishan Provincial Geological Park 402.96 2014
Jiangshan Port Provincial Wetland Park 2143.75 2015
Xianxialing Provincial Nature Reserve 6992 2015
Provincial natural reserve of Jindingzi 22.84 2015
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3.6. Data Sources

The data used in this study are shown in Table 3:
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Table 3. Data source.

Database Indicators Used in the Study Description

The third national land survey

The data include land-use status
information, such as land type; location;
area and distribution; land ownership
and use rights; natural and social
conditions of the land; and extractable
cultivated land, basic farmland,
construction land, and various
construction control indicators.

It was conducted from January 2018 to June
2019, and the field survey database
construction was completed by the end of
2019.

The second national forest resources
survey

The forest land type, location and area,
extract vegetation height, diameter at
breast height, tree age, tree species
structure and other information, and
forest landownership and use rights.

The data from the second national forest
resources survey from 1994 to 2006. The data
on soil and wild animal and plant resources
were obtained from the information of the
natural geographical environment and
ecological factors related to the forest
resources in the survey.

Digital elevation model (DEM) data Elevation.

The DEM data are image data with a
resolution of 30 m that were provided by the
International Scientific Data Service Platform
and Geospatial Data Cloud Platform of the
Computer Network Information Center of
the Chinese Academy of Sciences (http://
www.gscloud.cn/sources/accessdata/310,
we last accessed the link on 1 December
2021). Relevant information, such as
topography, slope, aspect, and slope position,
were extracted from the DEM data.

Various plans

The vector data of the geographical
boundaries of the reserves were extracted,
and the type, level, main protection
object, and construction period were
arranged and summarized.

Including the Master Plan of Jianglang
Mountain National key scenic spot
(2007–2025), Master Plan of Xianxia National
Forest Park, Master Plan of Jiangxia
Xianxialing Provincial Nature Reserve
(2016–2025), Master Plan of Fukaishan
Provincial Geological Park (2015–2025),
Master Plan of Zhejiang Jiangshangang
Provincial Wetland Park (2019–2023), Master
Plan of Zhejiang Jiangshangang Provincial
Wetland Park (2019–2023), and Master Plan
of Jiangxi Xianxialing Provincial Nature
Reserve (2016–2025).

4. Results
4.1. Spatial Distribution of Suitable Land Types

Based on the different types of conflicts and combining the data accessibility of Jiang-
shan, this study utilized the differentiation index (Appendix A, Tables A2–A4) to analyze
the reference basis of the different boundary delimitations and the types and characteristics
of boundary conflicts. The factors based on the scale of the spots should be selected when
spots are used as the object of evaluation, and the factors that can reflect the neighborhood
in the conflict spots into the evaluation index system should be considered. Through
comprehensively analyzing the restrictive, suitability, and neighboring influencing factors,
the comprehensive index of the land suitability for various land types in Jiangshan natural
reserves was calculated. In addition, the suitable land types for the conflict spots were
qualitatively evaluated, using the corresponding discrimination matrix of the conflict spot
(Table 4) to generate the land distribution maps (Figure 4). “Strong”, “medium”, and
“weak” in Figure 4 were determined by the natural breakpoint method.

http://www.gscloud.cn/sources/accessdata/310
http://www.gscloud.cn/sources/accessdata/310
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Table 4. Average value of the background characteristic indices of PIN and POUT.

Index PIN POUT

Landform

Topography 3.027929 3.110242
Slope grade 2.73307 3.135822

Aspect 3.460949 3.584256
Slope position 3.158181 3.006121

Soil
Soil thickness 2.439446 2.764656

Soil name 1.940435 2.023209
Soil type 1.008651 0.993066

Vegetation

Vegetation coverage 2.592437 2.982063
Average height of vegetation 3.394464 3.260039

Vegetation canopy 3.47479 3.636158
Vegetation density 1.984429 2.074757

Vegetation average breast diameter 1.121849 1.077941
Average age of vegetation 1.752101 1.83545
Vegetation tree structure 1.569871 1.521129
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4.2. Preliminary Candidate Range for Reserves

On the basis of the specific situation of Jiangshan natural reserves and the data avail-
ability, the forestry survey unit was selected as the basic statistical unit (Figure 5) to
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classify or grade the geomorphological, soil, and vegetation conditions of each unit. The
geomorphological conditions include the topography, slope grade, aspect, and slope po-
sition (Figure 6); the soil conditions comprise the soil thickness, soil name, and soil type
(Figure 7); the vegetation conditions include the vegetation coverage, vegetation average
height, canopy density, average breast diameter, density, tree age, and tree species structure
(Figure 8). The values are assigned from low to high according to the grading of each
feature of the resource background. The average values of the background features of
PIN and POUT are calculated, Table 4 reports the statistical results. Figure 9 displays the
candidate range of the protected sites for the new screening (C1).
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4.3. Results of the Secondary Optimization of the Candidate Range of Reserves

The distribution map of natural and cultural landscape resources is generated accord-
ing to the general planning text of Jianglang Mountain protected area. Natural landscape
resources correspond to meteorological diversity scenery, geological landscape, hydrologic
scenery, biology landscape, and geological environment protection area. Meteorological
diversity scenery mainly includes sun, moon, stars, snow, clouds, natural sound, and image.
The geological landscape is a geological and geomorphic landscape. Hydrologic scenery
mainly refers to spring, stream, lake, and lake falls. Biological landscape includes all kinds
of flora and fauna landscapes. Cultural landscape resources, including the elements, such
as the specialties (e.g., folk customs, crafts, and products) and historical sites and buildings
in the protected areas. The spots with important ecological value and ecological security
are extracted from the forest survey data (Figure 10), which include the areas with a forest
coverage of greater than 65, highest protection level, complete community structure, and
important water sources. After the above elements and the previously delineated protected
land boundary with the candidate range C1 were merged, the new screening range C2
was obtained through intersecting the area with complete species community structure
(Figure 11).
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4.4. Tertiary Optimization to Form a New Reserve

The spots mentioned in the previous subsection were connected and coordinated
with the other existing construction control conditions, and the current land-use-status
information of the candidate range C2 of the reserve was assessed to remove the patches;
such information includes the urban or construction town land, village land, hydraulic
construction land, tea garden and orchard land, mining land, private land of forest rights,
river roads, and administrative areas. Figures 12 and 13 depict the screening process of the
surrounding spots of the existing reserves in Jiangshan and a sample scope of the newly
formed natural protection areas. The area of the new reserve is 150.524 km2, which is
6.682 km2 bigger than the original one.
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It can be seen from the comparison that the original Fugai Mountain Provincial
Geopark covers an area of about 9.41 km2, which overlaps with the Fugai Mountain
Provincial Geopark within the scope of Jianglang Mountain National Park. It also has
high similarity in the composition of scenic resources and biological resources. Combined
with the principle of giving priority to protection intensity at the same level, low levels at
different levels obey high levels. The original Jiangshan Fugai Mountain Provincial Geopark
should be included in the scope of Jianglang Mountain National Park and integrated
with the Fugai Mountain Provincial Geopark in Jianglang Mountain National Park. The
Fugai Mountain area of the original Xianxialing Natural Reserve, with an area of about
7.81 km2, overlaps with the Fugai Mountain Provincial Geopark within the Jiangshan
Fugai Mountain Provincial Geopark and the original Jiangshan Fugai Mountain Provincial
Geopark in a large area, and it should be included in the Jiangshan Fugai Mountain
Provincial Geopark and integrated with the Fugai Mountain Scenic spot in the Jianglang
Mountain National Park.

5. Discussion
5.1. Comparison with Other Delineation Techniques for Reserves

Boundary issues play a key role in the study of natural reserves. However, few studies
have discussed the boundary of natural reserves; the academic interest is mainly focused
on the boundaries in the field of landscape ecology. Moreover, the systematic boundary
delimitation methods for nature reserves are lacking. The study of the conservation
regionalization that focuses on regional biodiversity conservation is relatively mature and
includes conservation vacancy analysis, conservation priority area analysis, and ecological
conservation planning.

The vacancy analysis for the biodiversity of reserves applies layer superposition and
iteration methods [35] to determine the conservation gap. These approaches involve super-
posing the built reserves and the survey data of specific species, vegetation, and natural
ecosystem type distribution or using a species distribution [36], habitat suitability [37],
and other mathematical models [38] to guide the scientific layout of natural reserves. At
present, numerous vacancy analyses for reserves remain confined to a part of the national
key protected species or limited types of ecosystem protection, which is unfavorable for
establishing an entire policy set to strengthen the comprehensive analysis. In this study, the
detailed data that provided a basis for the subsequent quantitative analysis were obtained
from multiple channels. Consequently, the investigation is no longer limited to the protec-
tion of a single species, because, through the overall analysis of the regional ecosystem,
along with the heritage resources and construction control conditions, the small-scale and
precise analysis on the boundary demarcation of the natural reserve was conducted.

The quantitative analysis of the conservation priority area was conducted on the basis of
the data of biodiversity and threats [39]. The determination of the conservation priority area is
generally indicated by biodiversity hotspots or species with a high indicator [40,41], because
the distribution information of the existing species is mostly based on the administrative
units for statistics. In addition, as the primary means of resource allocation and protection
decision-making [42], the administrative unit is highly conducive to the development of
the protection plan. In related studies, the administrative unit was used to determine the
protection priority area [43]. However, previous reports revealed that the administrative
unit lacks ecological significance, and the priority area determined on the basis of the
biogeographic unit is more representative than the administrative unit. Therefore, the
combination of the administrative and biogeographic units should be used to identify
the protection priority area and optimize the reserve system. The division of the priority
areas of landscape protection is based on the objective ecosystem vulnerability, which
has a different emphasis from the evaluation standard [44], and thereby yielding spatial
overlap and challenges for generating a unified zoning plan [45]. This study constructed
the C-NHC framework from the national policy level to screen the preliminary candidate
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areas for the reserves, organically integrated the administrative and natural geographic
units, and established a scientifically unified spatial evaluation standard for reserves.

The ecological zone protection planning was performed on the basis of biogeograph-
ical zoning and related protection planning. Biogeographical zoning is a widely used
technique for delineating natural reserve boundaries [46]. In the existing studies, the land
is divided according to the ecological relationship between adjacent ecosystems [47]. A
global zoning scheme based on biological groups, such as global biota types [20], world eco-
regionalization [48], and biodiversity-based biogeographic regionalization framework [21],
was also proposed. The conservation value of the biodiversity in nature reserves was quan-
titatively evaluated from three aspects, namely, ecosystem, species diversity, and genetic
germplasm resource, through overlay analysis, TWINSPAN classification, and vacancy
analysis for reserves based on spatial distribution data (e.g., landform, vegetation, and nat-
ural reserve for integrated geographical regionalization of natural protection). All of these
methods presented satisfactory results and patterns. Similar to the conservation priority ar-
eas, inconsistent zoning standards will lead to different geographic zoning schemes, which
will affect the protection decisions. Therefore, a unified judgment standard was established
in this study through the construction of a quantifiable evaluation index system, which lays
the foundation for boundary demarcation and scientific management of natural reserves.

The existing studies on nature reserve boundaries involve many aspects, such as pro-
tection objectives, habitat quality, and protection strategies (Table 5) [49,50]. In this study,
natural disturbance mechanisms, climate change, habitat quality, and connectivity were
incorporated as delineation criteria [51,52]. However, many deficiencies remain present
in natural protection zoning plans based on biodiversity data, ecosystem status [53], and
environmental quality [54,55]. In practice, the phenomenon of cross-integration occurs,
which is limited to a single level of ecological protection and fails to address the conflicting
interest demands of different social groups, as well as the confrontation and conflict in
various land use modes. This study integrated three aspects namely, natural resource
background, heritage resource characteristics, and construction control conditions, to opti-
mize the boundaries of natural reserves. On the basis of regional ecological protection, the
optimized boundaries of reserves are used to alleviate the conflict between the development
and protection of natural reserves, which is beneficial in solving the problem regarding the
spatial overlap of reserves. Thus, a scientific demarcation of natural reserves is generated.

Table 5. Existing boundary delimitation technologies for natural reserves.

Name Main Content Connotation Target Strength Weakness

Comprehensive
geographical
division of natural
protection

Superposition
analysis and
TWINSPAN
classification on
the basis of the
spatial distribution
data of landforms,
vegetation, and
nature reserves.

A mathematical
model and method
for the quantitative
evaluation of the
biodiversity
conservation value
in terms of the
ecosystem, species
diversity, and
genetic germplasm
resources of the
natural reserves.

To evaluate the
effectiveness of the
National Nature
Reserve in
protecting the
natural vegetation
and improving the
effectiveness of the
natural reserve
network.

Effectively
identifies the
conservation
values of the
ecosystem and
species diversity in
natural reserves.

Lacks the attention
to cultural heritage
elements or
cultural landscape
heritage.
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Table 5. Cont.

Name Main Content Connotation Target Strength Weakness

Vacancy analysis
for reserves

Layer
superposition and
iterative method,
which are used to
identify the
protection vacancy
of wild animals
and plants,
vegetation types,
and land use in a
certain area.

Identification of
the distribution of
plants, animals,
and vegetation
types that are not
effectively
protected by the
reserve network.

Focus on the
distribution areas
(i.e., blank points)
of animals and
plants and their
habitats that do
not appear in the
reserve network
and promote the
formation of the
scientific layout of
natural reserves.

Intuitive and easy
to operate and
conducive to the
comprehensive
and systematic
protection of
biodiversity

Requires a large
number of accurate
data due to the
lack of
authoritative data;
insufficiency in
practical
applications.

Analysis of the
conservation
priority areas

Quantitative
analysis through
mathematical
algorithms based
on natural
attributes,
biological
characteristics,
connectivity, and
socioeconomic
costs of
establishing the
reserve to
determine the
protection
objectives.

Quantitative
investigation of the
priority sequence
of conservation in
different regions
on the basis of the
data of
biodiversity and
threats.

To determine the
priority areas for
biodiversity
conservation and
guide the process
of biodiversity
conservation.

Contributes to the
research and
protection of
typical ecosystems.

Large-scale, which
ignores the regions
that are not rich in
biodiversity, faces
serious threats and,
thus, should be
transformed to a
smaller scale.

Analysis of the
planning of the
ecological zone
protection

Distribution of
biological
communities,
ecological
relationship
between adjacent
ecosystems, biota,
and biodiversity,
which are regarded
as important bases
of the
biogeographic
division.

Construction of the
relevant protection
planning scheme
on the basis of
biogeographical
zoning research.

Protect regional
ecosystems, guide
the construction of
regional nature
reserves, and
provide a scientific
basis for the
formulation of
regional
biodiversity
policies.

Protects the
wildlife in the area
and their habitats.

Poses inconsistent
zoning standards,
which lead to
different
biogeographic
zoning schemes
that affect
biodiversity
conservation
decisions.

5.2. Comparison with Traditional Border Demarcation Techniques for Chinese Reserves

China has not yet established a polished national park system. All types of natural
reserves have been managed through special regulations, in which most of the discussions
on the boundaries of natural reserves focus on scenic spots. The establishment of scenic
spots involves the source of scenery and ecological protection, continuation of the historical
context, coordination of protection plans, and utilization and management of multi-layered
goals. The original demarcation methods for such spots include the equidistant control
method of parallel moving road and river center line, terrain method on the basis of the
contour line of mountain ridges, scenic-spot control method guided by scenery source, and
coordination method involving relevant planning boundaries (Table 6). However, such
techniques face several disadvantages. When demarcating the boundary, the landscape
resources are not specified, thereby disregarding important factors, as well as lack of
organization and accuracy. In recent years, scholars have proposed an element-based
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spatial analysis method based on delineating the boundaries of scenic spots by using
overlapping and buffer analyses. The system for boundary demarcation comprises the
classification of elements and the superposition of effective organizations, which is based
on the concretization of the landscape resources into elements (e.g., survey data, natural
resources, human economy, facilities and basic engineering conditions, and land and other
materials). At the micro-level, the boundary is drawn by using the “terrain method” and
evaluated and adjusted by using the elements. The element-based demarcation of natural
reserves is easy to execute, and the weight assignment of the elements involves subjective
components, thereby affecting the grasp on the overall characteristics. However, given the
diversity in the types of scenic spots, no universal factor-classification system has been
established.

At present, the boundary delineation of nature reserves adopts the spatial analysis
technology in geographic information systems (GISs) to classify lands with high precision.
Compared with a pure qualitative evaluation, the quantitative processing of each evaluation
index, using the GIS technology, is more objective and is equipped with an index system
that can be easily applied in the study area [56]. Moreover, the relevant methods for
visual landscape evaluation are based on perspective (e.g., field of view and viewing
distance). Imaging methods are used to extend the boundary demarcation results to three
dimensions [57]. However, the boundary delineation of natural reserves involves technical,
economic, legal, and even political decision-making, while some of them can hardly be
controlled by planning and design institutions. Therefore, in-depth studies on the influence
of laws, regulations, and government decisions should be conducted.

The construction of the pilot areas of national parks in China should rely on the
original multi-type protection lands [58]. However, the general inheritance of the original
boundaries and zones is inconsistent with the protection objectives of the authenticity and
integrity of the ecosystem. Consequently, the influence of the existing land-use patterns
on the realization of the protection objectives and community economic development is
disregarded [59]. The existing studies propose a combination of resource and environ-
ment, landscape source value, and boundary overlap assessments [60] to classify, overlay,
evaluate [61], and define the boundary of the reserve. The C-NHC framework considers
the influence of the policies and regulations on the boundaries of natural reserves. The
proposed framework comprehensively evaluates the requirements of the ecological land,
cultivated land, and urban development of the conflict spots through building a quantifi-
able evaluation index system and subsequently constructs a unified evaluation standard
that lays a foundation for the formulation of the collaborative optimization scheme for
boundary conflicts. This study performed triple optimizations of the boundary of nature
reserves based on the characteristics of the resource background, heritage resources, and
construction control conditions. Moreover, following the previous studies, the proposed
framework conducted the following: it integrated the ecological factors; established the
scenery sources, construction management conditions, and other important factors of pro-
tected areas; and supplemented the previous relatively single and one-sided boundary
delimitation methods of protected areas. These conditions aimed to introduce the boundary
delimitation methods that can be implemented, popularized, and replicated.
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Table 6. Traditional boundary demarcation techniques for Chinese reserves.

Name Main Content Connotation Target Strength Weakness

National Park
Nature Reserve
Zoning Model

Selection of the
indicators in
building a natural
resource protection
zoning index system
and combining the
natural resource
protection zoning
with the specific
resource problems
and protection needs
of each region on the
basis of ecological
background,
resource
characteristics, and
human interference.

Realization of the
effective protection
of natural
resources and
formation of a
zoning model of a
national park’s
natural resource
protection that can
be copied and
promoted.

Identify regional
resource issues and
divide a reasonable
resource protection
spatial pattern to
determine the
protection goals
and measures and
achieve the
effective protection
of the natural
resources.

Solves the difficult
coordination
problem caused by
the misalignment
of the existing
various land types
in the national
park.

Focuses on the
boundary division
of the internal
partitions without
considering how to
delineate the outer
boundary.

National park
layout analysis

Divisions of natural
geography and
biogeography, as
well as the main
functional areas,
which discuss the
partitions that are
suitable for the
layout of national
parks and evaluate
and screen the
national parks on the
basis of resource
endowment,
construction
suitability, and
management
feasibility.

Establishment of
the principles and
characteristics for
the selection of
national parks
selection, selection
of the suitable sites
for national park
selection, and
clarification of the
overall layout of
the national parks.

Provide reference
for the overall
layout of the
national park, help
build the national
park system, and
improve the nature
protection system.

Comprehensively
proposes the
evaluation
methods and
layout plans for
the candidate sites
of national parks.

Difficult delivery
of an objective and
quantitative data
analysis, because
the layout analysis
is qualitative in
nature.

Spatial analysis
method on the
basis of resource
elements

Completion of the
systemization of the
boundary
demarcation through
element
classification and
overlay analysis
from the resource
protection,
management
authority, and
human behavior
control levels;
illustration of the
terrain at the
micro-level, using
the topography
method.

Embodiment of the
landscape
resources as
elements and
establishment of a
new method
framework for
boundary
delineation
through the
element-based
spatial analysis
method (overlap
analysis + buffer
zone analysis).

Demarcate the
boundaries of
scenic spots.

Generates a
quantitative
summary by using
elements to
simplify the
boundary problem
of scenic spots.

Presence of a
subjective
component in the
weighting of the
elements, which
cannot grasp the
overall
characteristics.
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Table 6. Cont.

Name Main Content Connotation Target Strength Weakness

Scenic source

Implementation of boundary control using
landscape sources (e.g., scene, landscape,
scenic spots, and landscape groups)
according to the requirements of the
evaluation results of the landscape
resources; delimitation of the scope of
influence of the landscape source and
formation of the scope of the scenic spots
that are separated or connected with the
surrounding boundaries.

Demarcate the
boundaries of
scenic spots.

Possesses a certain
scientific nature
and plays an
important role in
protecting
important
sceneries on the
basis of core
values.

Difficulty in
determining the
radiation range
(buffer size) of the
scenic source;
difficulty in
systematically
analyzing the
surrounding
environmental
characteristics.

Topography

Delineation of the boundaries according to
topographic lines, such as the ridge lines of
adjacent mountains, contour lines at a
certain altitude, and the border lines of the
watersheds.

Demarcate the
boundaries of
scenic spots.

Easily implements
management, sets
piles, and
demarcates and
can effectively
protect the
topography,
natural resources,
and landscape
scenery.

Lack of basis for
the determination
of the topographic
line; difficulty in
solving the scale
problem, which
affects the accuracy
of the border
demarcation; lacks
relevance to the
core values of the
scenic spots.

Offset method

Movement of the center line of the road,
center line of the river, or the shoreline of
the reservoir to a parallel position relative
to a certain distance to obtain the scenic
area.

Demarcate the
boundaries of
scenic spots.

Suitable for the
rough delineation
of boundaries and
possesses strong
operability.

Lacks basis in
selecting the
translation subject
and translation
distance; lacks
relevance to the
core values of the
scenic spots.

Coordination
method

Coordination with other types of protective
land boundaries, such as World Heritage
and National Forest Park, including the
corresponding scope or direct sharing of
the boundary line; coordination with the
city according to the current status of urban
development.

Demarcate the
boundaries of
scenic spots.

Strengthens the
coordination of
various plans,
which helps avoid
conflicts in
management.

Difficulty in
demonstrating the
boundaries of
borrowing other
protective land;
difficulty in
determining the
reference factors,
specific distance,
and visual
landscape factors
in coordination
with the city.

5.3. Policy Enlightenment of Optimizing Boundary for Protected Areas
5.3.1. Standardized Boundary Demarcation Technology of Protected Areas Will Boost the
Construction of Protected Area Systems

The boundary delineation of protected areas is not only technical delineation, but also
includes economic, legal, and even political decisions. Some factors are beyond the control
of planning and design institutions. Thus, in-depth research on the impact of relevant
laws, regulations and government decisions is needed. If we only focus on the boundary
of the protected area itself, then understanding the complete logical relationship between
the boundary generation and the boundary information expression of the protected area
fully is impossible. From the influence of ideology and policy system on the construction
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concept of natural protected areas to the special protection planning and land-use policy
formulated by government departments, inextricably logical links are found between them
and the boundary information of natural protected areas.

To establish a protected area system that is universally recognized by the international
community, the effectiveness of boundary planning must be protected by legislation. The
introduction of the Guiding Opinions in 2019 has clarified the direction for solving out-
standing problems, such as overlap, multi-head management, unscientific classification,
and unreasonable scope of protected areas in China, and opened a new chapter in the
modern management of protected areas. However, specific implementation measures have
not been clarified yet. How are guidelines implemented? How are boundaries integrated,
merged, and adjusted from the most urgent and most controversial issues in the current
reform of protected areas?

The boundary delineation method proposed in this study standardizes the integration
and merging modes of various protected areas and strives to ensure the effectiveness
and stability of the boundaries of the protected areas from the institutional level, thereby
also eliminating the differences among different departments, regions, and management
systems. This method will also promote the introduction of the special legislation protection
of the boundary of natural conservation areas. In the sense of political geography that is
highly unified between national sovereignty and the governance of protected areas, the
boundary delineation method clears institutional obstacles for the creation of a complete
system of protected areas in the entire territory of China.

5.3.2. Boundary of Protected Areas Will Become an Important Part of Land Spatial Layout
Optimization

The demarcation of natural reserve boundaries is a key link in the construction of
natural reserve system. In the process of the rapid urbanization worldwide, natural reserve
boundaries play an increasingly important role in the protection of natural resources. As a
means to coordinate the protection and development of nature, realizing the protection and
sustainable use of natural resources is also helpful. However, in the actual implementation
process, the lack of relevant theoretical system and the limitation of technical means will
cause the boundary demarcation of natural protected areas to lack scientific basis and a
clear quantitative system, thus resulting in an inaccurate boundary demarcation.

Uneven spatial data distribution, weak data base, low data integrity, and insufficient
information sharing are all technical barriers to the boundary demarcation of natural
protected areas in the early years that affect the scientific setting and layout of natural
protected areas. With the advent of the information age, the rapid development of satellite
remote-sensing data and GIS and GPS technologies has laid a solid foundation for the
demarcation of refined and scientific natural protection boundaries. The improvement
of technological level will inevitably be accompanied by the continuous improvement of
standards, and the connotation of the boundaries of protected areas has also changed from
a purely natural resource control boundary to the bottom line of the national land spatial
planning.

The CPC Central Committee and the State Council issued several Opinions on Es-
tablishing a Land Spatial Planning System and Supervising its Implementation, thereby
requiring the special plans for the protected areas to be closely linked with relevant land
spatial planning and checked against “in one map” during the compilation and review
processes. The construction of natural protected land system and the land spatial plan-
ning system will be connected and coordinated in the form of space scope and realize
fine management. Based on the aforementioned requirements, the research begins from
stating the objectives, criteria, and indicators for the delimitation of the protected area
boundaries. Subsequently, the suitability of ecological, cultivated land, and construction
land for all map spots in the region are evaluated. The evaluation results lay the foundation
for the formulation of the coordinated optimization plan for border conflicts and provide a
scientific basis for coordinating various types of land use in the preparation of land-use
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planning and prevention and reduction of actual land-use conflicts. This research is of great
significance for realizing the orderly layout of the three types of space, including towns,
agriculture, and ecology, which is also important for the optimization of the national spatial
layout.

5.3.3. Delimiting the Scientific Boundaries of Protected Areas Is the Key to Improving the
Management of Protected Areas

The space superposition problem of protected areas caused by multiple international
designated areas is the key to restricting the effective management of protected areas.
(1) Unreasonable boundaries of protected areas will lead to the serious fragmentation
of protected areas and decentralization of departmental functions, which will intensify
the fragmentation and islanding of protected area. (2) The staggered boundaries of nat-
ural protected areas also inevitably lead to the fuzzy management target boundaries of
protected areas, which results in the unclear positioning of all kinds of protected areas
in the management and causes difficulty in carrying out targeted management. (3) The
unclear boundaries between the powers and responsibilities of various departments in the
multiple international designated area will cause problems, such as indistinct management
objectives, unclear responsibilities, and disordered management policies.

The boundary of natural protected areas is mainly used to define the authority of
management. A reasonable boundary must contain the core value of natural resources and
must not cause difficult coordination problems due to the large scope to serve the work of
conservation management, rational utilization, and planning and implementation better.
The boundary demarcation of protected areas, as a means of space control, can promote the
improvement of the management level of protected areas from two aspects: one is to define
the protection objectives, and the other is to balance the interests of multiple parties. (1) To
clarify the protection objective, determining the protection object, the urgency, the main
means, and the effect of protection and converting the protection objective into quantitative
index are necessary. This study built a three-dimension (e.g., ecology, cultivated land, and
construction) suitability evaluation index system that considers the ecological value, social
economic security demand, and survival and judged the relationship between protection
targets on the basis of defining a single protection target. The boundary demarcation based
on the above principles is of great significance for the effective identification of protection
targets. (2) The ecosystem service value is the core of the protected area. Therefore, this
study took the natural background as the core analysis element and then analyzes the
influence of soft factors, such as heritage resource characteristic and existing construction
control conditions on the designation of protected area, in detail. The coordination of
stakeholders at the boundary can be achieved by integrating natural resource management
into the social selection framework based on the understanding of the key characteristics of
protected areas and the consideration of respect for indigenous and traditional knowledge.
The control measures will be implemented in space to achieve the unification of the physical
and control boundaries.

The protected areas’ boundary, which is based on the coordination of resource utiliza-
tion and ecological protected areas, provides a basic guarantee for the establishment of
institutional standards. In the practice of protected area construction, boundary demarca-
tion should not be regarded as the establishment of geographical boundary. The boundary
of protected area should be adjusted in time according to the change in economic develop-
ment and protection target, and the boundary of protected area should be transformed into
the control problem of coordinating the land-use mode, scale, and intensity of stakeholders
to clarify the boundary of protected land as the basis of implementing the spatial control of
protected land.

6. Summary and Conclusions

With the continuous improvement of international protection awareness, the number
of protection organizations has dramatically increased, and they have promoted various
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reserve-naming methods under different objectives, purposes, and management require-
ments; thus, the phenomenon of overlapping reserves has prominently increased. Therefore,
the demarcation of the boundaries of scientific and reasonable reserves has become the key
to the effective management and sustainable development of natural reserves. The delin-
eation of the boundaries of natural reserves provides a scientific basis for the formulation
of regional ecological protective policies. As an effective tool for managing reserves, the
boundaries serve as a bridge to alleviate the current conflicts between the development
and protection of nature reserves, as well as a key factor and guarantee that play multiple
functions in the implementation of an effective management.

Rebuilding the natural reserve system by using national parks as the main body is a
crucial exploration in the construction of an ecological civilization system in China. On
this basis, this study conducted an in-depth investigation of the technical methods for
delineating the spatial boundaries of natural reserves. Taking Jiangshan Nature Reserve as
a case, the C-NHC framework was constructed, and the boundaries of the new reserves
were delineated. First, the preliminary candidate areas of the reserve were selected. Second,
a comprehensive vector evaluation was performed on the basis of the background charac-
teristics of the resources, heritage resource characteristics, and construction management
conditions. Third, resource background evaluation and initial aggregation optimization
were executed, the existing elements of the reserve were extracted, and the resource-based
clustering results were intersected and optimized. Lastly, the existing construction man-
agement conditions were connected and coordinated to form a scientific, reasonable, and
clear boundary of the nature reserves. Through the quantitative evaluation of the conflict
patches and the triple optimization of the boundary of the reserve, this study has changed
the status quo of the spatial overlap of the reserve, which is considerably important in the
improvement of the planning and management of natural reserves and establishment of a
unified management authority.

This study utilized geographic information technology, and the protection area bound-
aries were optimized on the basis of three dimensions (i.e., resource background characteris-
tics, heritage resource characteristics, and construction management conditions). The newly
delineated boundaries play a key role in coordinating the construction and development of
Jiangshan and the ecological environment protection, restoring and improving the service
functions of the regional natural ecosystems, and ensuring the sustainable use of resources.
This study will exert an extensive influence on the in-depth analysis of the spatial pattern of
natural reserves in the future, improvement of the planning and management, and overall
promotion of the construction of natural reserves. This technical framework can provide a
useful reference for the boundary delimitation of nature reserves in China and even the
world. This study also has some limitations. We did not provide a method for selecting
the appropriate restrictive suitability neighborhood influence factors and characteristics of
the heritage resources in different study areas. When our methods are used in different
study areas, researchers are still required to select the elements to participate in the study, a
process that is vulnerable to great subjectivity.

Although China has formulated numerous planning and management schemes, the
current natural reserve system remains limited, given the prominent overlapping phe-
nomenon, which hinders the scientific construction and management of the natural re-
serves. As China continues to promote a “national park-based nature reserve system”,
natural protection zones that can precisely reflect the characteristics of the regional nat-
ural resources and construction conditions should be developed to provide a basis for
the construction and management of the natural protection land. To solve the serious
problems and contradictions in the management of the natural reserves in the country, the
proposed boundary delimitation method has re-integrated all types of natural reserves and
established a scientific spatial pattern of natural reserves. We believe that the construc-
tion management conditions have the greatest impact on the final results. The proposed
method can enhance the management system; solve relevant problems (e.g., multi-head
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management); and promote a highly systematic, integrated, and collaborative natural
reserve system.
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Appendix A

Table A1. Discriminant matrix of suitable land use.

Type Code
Land Suitability Combination

Appropriately Land Use Adjustment InstructionsSuitability of
Construction Land

Suitability of
Cultivated Land

Suitability of
Ecological Land

1 High High High Ecological land,
cultivated land

The three types of land are suitable.
When conflicting with ecological land,
the principle of natural reserves should
be followed to maintain the original
ecological land. When there is no
conflict of ecological land, considering
that cultivated land also has certain
ecological service value, the original
cultivated land should be maintained.

2 High High Low
Construction

land and
cultivated land

Both construction land and agricultural
land are suitable areas. Due to the
obvious comparative advantages of
construction land and the low urgency
of ecological protection, it is more likely
that cultivated land will be converted to
construction land. Consider conversion
to construction land. When there is no
conflict in regard to construction land,
maintain or convert to cultivated land.

3 High Medium High Ecological land,
construction land

The suitability of ecological land and
construction land is very strong,
because construction land has obvious
comparative advantages and the
possibility of expansion of construction
land is high, but the principle of nature
protection should be considered, so
maintenance or conversion to ecological
land should be considered. It can be
converted into construction land when
there is no conflict in regard to
ecological land.
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Table A1. Cont.

Type Code
Land Suitability Combination

Appropriately Land Use Adjustment InstructionsSuitability of
Construction Land

Suitability of
Cultivated Land

Suitability of
Ecological Land

4 High Medium Low
Construction

land and
cultivated land

Construction land has obvious
advantages and high expansion
potential; thus, it can be considered to
be converted to construction land. It is
maintained or converted to cultivated
land when there is no conflict in regard
to construction land.

5 High Low High Ecological land,
construction land

The suitability of ecological land and
construction land is very strong,
because the comparative advantage of
construction land is obvious; the
possibility of construction land
expansion is high, but the principle of
natural protection should be considered,
so it should be considered to maintain
or transform into ecological land; it can
be considered to transform into
construction land when there is no
conflict in regard to ecological land.

6 High Low Low
Construction

land and original
land

Construction land has obvious
advantages, and the possibility of
expansion is high. It can be considered
to be converted into construction land;
when there is no conflict in regard to
construction land, you can consider
maintaining the original land type.

7 Medium High High Ecological land,
cultivated land

The comparative advantages of
construction land and ecological land
are obvious, but following the principle
of ecological priority, it can be
considered to be converted into
ecological land; when there is no conflict
in regard to ecological land, it can be
considered to be maintained or
converted into cultivated land.

8 Medium High Low Cultivated land,
construction land

Cultivated land has obvious advantages,
and the original cultivated land should
be maintained; when there is no conflict
of cultivated land, it can be considered
to be converted into construction land.

9 Medium Medium High Ecological land,
cultivated land

The ecological land maintenance
capability is strong, and the original
ecological land should be maintained;
when there is no ecological land conflict,
the conversion into cultivated land
should be considered according to the
principle of priority of cultivated land
protection.

10 Medium Medium Low Cultivated land,
construction land

The maintenance capacity of ecological
land is weak, and the suitability of
construction land and cultivated land is
equivalent, but the principle of priority
of cultivated land protection should be
followed, and the original cultivated
land should be kept from encroaching
as much as possible; when there is no
conflict in regard to cultivated land, it
can be considered to be converted into
construction land.
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Table A1. Cont.

Type Code
Land Suitability Combination

Appropriately Land Use Adjustment InstructionsSuitability of
Construction Land

Suitability of
Cultivated Land

Suitability of
Ecological Land

11 Medium Low High Ecological land,
construction land

Ecological land has obvious advantages;
when there is no conflict of ecological
land, it can be considered to be
converted to construction land.

12 Medium Low Low
Construction

land and original
land

Due to the comparative advantage of
construction land, the possibility of
maintaining or converting land into
construction land is high; when there is
no conflict between construction land,
consider maintaining the original land
type.

13 Low High High Fierce conflict

Due to the conflict between agricultural
land and ecological land, the possibility
of expansion of construction land is low;
due to the comparative advantage of
agricultural land output rate and the
shortage of agricultural land resources
in the region, the possibility of
conversion of suitable unused
agricultural land to agricultural land is
high, but the possibility of conversion is
determined by the comparison of two
kinds of policies: agricultural land and
ecological land.

14 Low High Low Weak conflict
Cultivated land has obvious advantages
and should be maintained or reclaimed
as cultivated land.

15 Low Medium High Ecological land,
cultivated land

Ecological land has obvious advantages.
The original ecological land should be
maintained, or the land consolidation
should be considered as ecological land;
when there is no ecological land conflict,
it should be maintained or converted
into cultivated land for type 8 or 9.

16 Low Medium Low Arable land,
original land

The suitability of cultivated land is high,
and the land should be maintained or
converted into cultivated land; when
there is no conflict of cultivated land,
the original land type should be
maintained.

17 Low Low High
Ecological land,

original land
type

Ecological land has obvious advantages,
so we should maintain the original
ecological land or consider returning
farmland or land consolidation to
ecological land; when there is no conflict
in regard to ecological land, maintain
the original land type.

18 Low Low Low Current status It is more likely to maintain the status
quo of land use.
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Table A2. Ecological Suitability Evaluation Index.

Target Guidelines Factor Element

Evaluation of the
importance of
ecological function and
competitiveness

Water conservation, soil
and water conservation
area, sand prevention,
and sand fixation area

Natural conditions

Vegetation factor
Vegetation coverage

Vegetation cover type

Terrain factor

Slope

Slope position

Slope length

Soil factor
Soil texture

Soil thickness

Natural location factor

Distance from river

Distance from lakes
and reservoirs

Distance from pit

Distance from existing
delineated reserve and
ecological red line

Landscape pattern

Plaque characteristics
Plaque size

Plaque shape index

Plaque aggregation
degree

Degree of aggregation

Separation

Biodiversity Reserve

Natural conditions

Resource status

Surface cover type

Water network density

Vegetation coverage

Species distribution

Species diversity

Species rarity

Species distribution
concentration

Habitat nature

Landscape pattern

Plaque characteristics
Plaque size

Plaque shape index

Plaque aggregation
degree

Plaque fragmentation

Patchy landscape
diversity

Network connectivity

Plaque centrality

Median Index

Correlation length
index
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Table A3. Cultivated Land Suitability Evaluation Index.

Target Guidelines Factor Element

Cultivated land suitability
evaluation

Restrictive factors Planning factors

Whether it is in a nature reserve

Is it located in the forest park

Whether it is located in a national
scenic spot

Whether it is located in the primary
and secondary water source
protection zone

Whether it is located in the returned
forest area

Natural conditions Whether the slope is greater than 15◦

Suitability factor

Farming conditions
Slope

Soil organic matter content

Surface soil thickness

Location factor

Distance from road

Distance from river

Distance from the reservoir

Distance to nearest village

Planning factors
Whether the current land is cultivated
land

Cultivated land conversion cost

Geometric Features
Patch size

Patch shape index

Influencing factors of
neighborhood

The largest area in the buffer zone

The largest perimeter in the buffer
zone

Proportion of cultivated land area in
the buffer zone

Patch density of cultivated land in the
buffer zone

Plaque aggregation degree of buffer
farmland
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Table A4. Construction Land Suitability Evaluation Index.

Target Guidelines Factor Element

Construction land suitability
evaluation

Restrictive factors
Planning factors

Whether it is in a nature
reserve

Whether it is located in the
forest park

Whether it is located in a
national scenic spot

Whether it is located in the
primary and secondary water
source protection zone

Whether it is located in the
basic farmland protection area

Natural conditions Whether it is an area with
frequent natural disasters

Suitability factor

Urban construction conditions

Slope

Elevation

Terrain relief

Location factor

Distance from road

Distance from river

Distance from the reservoir

Distance from main city

Planning factors

Whether the current land is
construction land

Construction and
development costs

Geometric Features
Patch size

Patch shape index

Influencing factors of
neighborhood

The largest area in the buffer
zone

The largest perimeter in the
buffer zone

Proportion of existing
construction land area in the
buffer zone

Plaque density of construction
land in the buffer zone

Plaque aggregation degree of
buffer construction land
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