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Abstract: With the rapid rate of urbanization, green infrastructure land is increasingly being converted
to urban construction land, and the fragmentation of regional green infrastructure (GI) networks
is intensifying. The connectivity of a GI network is of paramount importance for maintaining both
regional biodiversity and regional ecosystem service capacity, among others. In this paper, an
innovative approach to planning a GI network is presented. The proposed approach is based on
the Morphological Spatial Pattern Analysis (MSPA) method, minimum path method, and circuit
theory. Using the Zhengzhou–Kaifeng metropolitan area in China as a case study, we argue that the
combination of the MSPA method and circuit theory can more fully and comprehensively identify the
components of a GI network and its key areas. The methodology consists of three steps: (i) Identifying
the cores and bridges of the GI by the MSPA method based on land use data, followed by determining
the hubs of the GI network by assessing the connectivity of the core area; (ii) establishing potential
connecting corridors between hubs by the minimum path method; (iii) identifying the “pinch point”
area of the potential connecting corridors based on current density by applying circuit theory. This
approach not only makes identification of the “hubs” and “links” in the green infrastructure network
more scientific and comprehensive, but it also further identifies “pinch point” areas of the connecting
corridors that require priority protection or recovery. The research results can be used as a practical
reference for urban planners when planning urban land use.
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1. Introduction

With the rapid development of urbanization, the changing pattern of the country and natural
areas surrounding cities is gradually reversing the direction of the relationship between cities and
natural areas [1,2]. To reverse this trend, management and development of green infrastructure is
required and human behavior plays a crucial role in driving such processes [3]. All of nature should be
connected to form a system, and green infrastructure (GI) is truly considered to be the infrastructure on
which all sustainable development must rely on. Landscape fragmentation is the main motivation for
using GI to protect the urban environment [4]. GI refers to a network of natural areas and other open
spaces that preserve the value and function of natural ecosystems, maintains clean air and water, and
provides a wide range of benefits for human and wildlife survival [5]. Expanding GI is one of the main
strategies to enhance urban sustainability [6], and it is considered an approach to achieving regional
ecological security patterns using landscape ecology principles [7]. A rational layout of GI can reduce
the need for gray infrastructure, save national public resource investment, and reduce the region’s
sensitivity to natural disasters. An interconnected GI is conducive to human health, wildlife breeding,
and social sustainable development [8]. GI has multiple functions as a national natural life support
system [9,10]. It not only protects natural and historical cultural heritage, maintains and enhances
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biodiversity, improves environmental quality, and helps reduce flooding; it also provides recreational
facilities for people, enhances the sense of community and ecological security, and helps reduce crime,
fear, and antisocial behavior [11–16]. Cities are expanding green infrastructure to enhance resilience
and ecosystem services [17]. Thus, GI can promote smart growth and sustainable development in cities.

In terms of space, GI is a natural and artificial green space network system composed of hubs and
links [18]. A hub typically describes a large area of natural elements that provide habitats for wildlife
growth or pathways, and links are linear natural features connecting the hubs. The connected hubs
form a network that can be used to guide land use decisions [19]. The core objective of GI network
construction is to: (1) Find potential hubs and connecting corridors that connect various elements, and
(2) determine the GI elements and patterns that enable the interconnected network to realize its overall
function [20].

An increasing number of techniques and theories are being applied to GI network construction
research, mainly including the overlay analysis method, spatial analysis method, graph-based analysis
method, and morphological spatial pattern analysis method (MSPA). The principles and characteristics
of these methods are described in detail in Table 1. Recently, other methods based on ecosystem
services have received attention, wherein each green infrastructure patch serves to identify GI elements.
This method is mainly used to evaluate the coupling relationship between green infrastructure and
ecosystem services, and it requires a large amount of supporting data [17,21–25].

Table 1. Main methods used by GI network construction.

Name Principles and Methods Characteristics

Overlay Analysis [20,26–28]

Emphasizes the vertical processes and
connections between
geology-soil-water
temperature-vegetation-animals and
human activities and land use in the
landscape unit based on human
ecological planning theory [29];
uses “the layered cake” superposition
technique to identify the “hubs” and
“links” of the GI network through GIS
techniques.

Judges connectivity according to the
suitability of the corridor;
needs a large amount of data;
convenient and practical in small
venues or inaccurate GI requirements.

Spatial Analysis [30–33]

Emphasizes the horizontal ecological
process to form a network pattern by
simulating horizontal motion based
on landscape ecology and GIS
techniques;
uses the minimum path model to
determine the location and pattern of
the corridor.

Considers that the horizontal
movement “resistance” is smaller and
the connectivity is stronger;
needs more detailed data on species
surveys;
emphasizes both structural and
functional connections;
suitable for emphasizing biodiversity
conservation

Graph-based Analysis [31,34]

Simplifies the landscape into a
network diagram of nodes and
connections based on graph theory
and network analysis;
uses the connectivity index to quantify
landscape connectivity.

Believes that the network connectivity
index is large, the cost is low, and the
connectivity is strong;
suitable for rapid research on
landscape scales.

Morphological Spatial Pattern
Analysis (MSPA) [7,19,35–41]

Regards GI as the foreground
corresponding to the background.
Constructs a GI network based on the
“core” and “bridge” obtained from the
analysis of geometric characteristics.

Determines connectivity based on
topological relationships between the
foreground and background.
Emphasizes structural connections;
Relies only on land cover data
without the need for multiple layers of
data overlay.

Each of the above methods has its own advantages and disadvantages, and the methods can be
used in combination to complement each other. It is feasible to identify the “hubs” and “links” of a GI
network using the above methods together.
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Landscape connectivity includes structural connectivity and functional connectivity. MSPA is an
image processing method that uses mathematical morphology principles, such as expansion, corrosion,
open operation, closed operation, and other methods, to measure and segment the spatial pattern of
raster images [36]. After reclassifying the land cover maps into the foreground and background, MSPA
uses a series of image processing rules to identify the cores, connections, and other features associated
with the foreground [35]. After image processing, MSPA divides the foreground into seven categories
that do not overlap with each other: Core, bridge, loop, branch, edge, perforation, and islet (Table 2).

Table 2. Composition of landscape types and their ecological meaning in MSPA.

Landscape Type Landscape Features Ecological Meaning in Green
Infrastructure

Core A collection of large, interconnected
foreground pixels.

Large-scale natural patches with
high connectivity, which is
equivalent to the hubs of a green
infrastructure network.

Bridge
A linear foreground pixel set between
two cores with a high degree of
connectivity.

Striped ecological land between
core areas with high connectivity,
which is equivalent to the
connecting corridor of the green
infrastructure network.

Islet

A collection of foreground cells whose
area is smaller than the core zone
threshold and is not connected to other
foreground cells.

Small natural patches that are not
connected to each other.

Perforation Background pixels inside the core area. Unnatural patch inside the core
area.

Edge Transition pixel between the foreground
and background.

The transition zone between green
infrastructure and non-green
infrastructure.

Loop
A collection of linear foreground cells
with both ends connected to the edge of
the same core.

Connecting corridor inside a large
natural patch.

Branch
A collection of linear foreground pixels
with only one end connected to the core
or bridge.

Striped ecological land with low
connectivity.

MSPA not only identifies the location of the hubs and corridors, but also can identify the type of
corridor, which emphasizes structural connections, while the minimum path method can reflect the
functional connectivity of the landscape by setting resistance values for different habitat patches to
a certain extent. The original intention of this paper is to construct a framework for urban planning
designers based on the actual needs of planning and design practice, which can quickly identify the
GI elements relying on land cover data and determine the land used for a GI network. Therefore, we
choose the MSPA method and minimum path method to construct the GI network.

However, none of the above methods can additionally determine the location and pattern of
key areas in the GI network that need priority protection. McRac [42] was the first to integrate the
physics-derived circuit theory with the field of landscape ecology and landscape genetics. He regarded
the landscape as a conductive surface and simulated the migration and diffusion process of individual
species or genes in the landscape by using the characteristics of electrons flowing randomly in a circuit.
From this perspective, it was possible to predict the laws defining species diffusion and migration
and identify multiple alternative paths of a certain width on the landscape surface. Circuit theory can
determine the relative importance of habitat patches and corridors based on the intensity of the current
between the source and ground, identify all potential corridors in the study area and their relative
importance, and integrate structural and functional corridors into cities [43–47]. This method provides
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a simple and easy framework for optimizing the GI network pattern in a high-density built-up area
using less data and a simple process.

Based on the above methods, this study aims to develop a framework for urban planning
designers for identifying the GI network elements and the location of the key “pinch point” area
of the corridors. On this basis, the key issues to be addressed in this paper are: (i) How to quickly
identify the hubs and connecting corridors of the GI network and clearly understand the characteristics
of the time and spatial changes in the GI network structure pattern; and (ii) how to determine the
protection priority of the GI network to guide urban land planning and design practice. Taking the
Zhengzhou–Kaifeng metropolitan area (China) as a case study, we aim to reduce the adverse impact
of urban expansion on the environment and maximize the ecological services provided by rationally
arranging the GI elements.

2. Materials and Methods

The Zhengzhou–Kaifeng metropolitan area, in the core region of Central China, is the largest
scale, most attractive, and widest covered metropolitan area of Henan province (Figure 1). With
the accelerated development of Zhengzhou–Kaifeng and the integration and the construction of
the Zhengzhou–Kaifeng New District, the Zhengzhou–Kaifeng metropolitan area, which is the core
economic growth pole of Central China, has become a typical “economic hot region” and “ecological
sensitive region” for studying the process of urbanization. Under the background of the current
accelerated process of urbanization, determining the approach to reasonably allocating GI elements
and safeguarding the regional ecological environment and safety while maintaining rapid economic
development has become a burning issue to be settled for the Zhengzhou–Kaifeng metropolitan area.
The geographical range of the Zhengzhou–Kaifeng metropolitan area is 113◦27′–114◦30′ east longitude
and 34◦26′–34◦58′ north latitude. The study area includes Zhengzhou city, Kaifeng city, and Zhongmou
county, which is between the two cities [48]. The total area of the study region is 2994.76 km2. The
terrain is generally high in the southwest and low in the northeast. This area has a warm temperate
continental climate, with a mean annual temperature of about 14.4 ◦C and a mean annual precipitation
rate of approximately 628.1 mm. The vegetation in the study area is located in a warm temperate
deciduous broad-leaved forest belt that contains many kinds of plants. However, the natural vegetation
in the study area has been almost completely destroyed because of the repeated flooding of the Yellow
River and a high degree of agricultural cultivation, and secondary vegetation only appears in local
areas, such as mounds, river beaches, and lakes.

This study used summer Landsat image data at different stages—2000, 2009, and 2014—with a
strip number of (124, 36). Areas in the three remote sensing images were interpreted as cultivated
land, forest land, water area, construction land, bare land, and unused land. Because the purpose
of this paper is to build a regional GI network based on land use data, this paper believes that the
type of land that can play the role of a green infrastructure ecological service can be considered as
green infrastructure land, so the cultivated land, forest land, and water areas were considered as green
infrastructure land in this study. At the same time, administrative maps of Zhengzhou, Kaifeng, and
Zhongmou were used to analyze the distribution of GI land in different administrative regions.

These features make the Zhengzhou–Kaifeng metropolitan area suitable for our research study,
which aims to scientifically identify GI elements and key areas of GI networks to rationally plan regional
GI and prioritize the protection and recovery of key “pinch point” areas. Our methodological approach
is discussed in the three following subsections. In the first section, we analyze the components of the
green infrastructure network based on MSPA and the trends of the GI network between 2000 and 2014.
Secondly, we present our construction of potential connecting corridors between the hubs of the GI
based on minimum path methods. In the third subsection, we identify the “pinch point” area in the GI
network’s connecting corridors based on circuit theory.
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Figure 1. Location map of the Zhengzhou–Kaifeng metropolitan area.

2.1. Analysis of the Components of the Green Infrastructure Network Based on MSPA

First, the cultivated land, forest land, water area, and other green infrastructure land types in
the land cover map obtained by remote sensing interpretation were set as the foreground, and the
rest of the land was set as the background. Then, the image was converted into a binary raster file in
TIFF format. Next, in the Guidos Toolbox analysis software platform, seven types of non-overlapping
landscape types were obtained through data analysis using the eight-neighbor analysis method, with
the edge width set to 1 pixel (Figure 2). Finally, the TIFF map obtained by MSPA was imported into
GIS software for geo-registration and analysis, and the area of each landscape type and its proportion
of the whole landscape were classified and calculated (Table 3).
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Table 3. Area changes of MSPA landscape types of the study area green infrastructure from 2000
to 2014.

Landscape Type Years Area/km2 Proportion of Total GI Area

Core
2000 972.35 58.75
2009 912.64 62.94
2014 717.17 49.86

Bridge
2000 112.78 6.82
2009 42.56 2.93
2014 125.58 8.73

Islet
2000 37.64 2.27
2009 41.57 2.87
2014 63.25 4.40

Perforation
2000 69.19 4.18
2009 107.20 7.39
2014 43.95 3.06

Edge
2000 320.67 19.38
2009 247.74 17.08
2014 334.03 23.23

Loop
2000 49.61 3.00
2009 25.63 1.77
2014 45.78 3.18

Branch
2000 92.59 5.60
2009 72.80 5.02
2014 108.43 7.54

GI total area
2000 1654.83 100
2009 1450.14 100
2014 1438.19 100

The MSPA method is very sensitive to scale. Different grid pixel sizes will result in different
analysis results, which affects the area of the core and the bridge. Studies have shown that a 30 m
wide corridor can basically meet the functional requirements for animal and plant migration and
transmission and biodiversity conservation [49]. This study used a grid size of 30 × 30 m, which meets
the research data accuracy requirements with respect to the landscape pattern characteristics of the
Zhengzhou–Kaifeng metropolitan area.

2.2. Building Potential Connecting Corridors between Hubs of GI Based on the Minimum Path Method

The Linkage Mapper tool [50], developed by McRae et al., creates a cost-weighted distance surface
based on the cost-weighted distance of each cell from the nearest “source” based on the ARCGIS
software platform and calculates the minimum cost-weighted distance. It can effectively simulate
potential horizontal connecting corridors between ecological sources.

First, the core area obtained by MSPA was evaluated by the CONEFOR software, and the core
areas with high connectivity were selected as the hubs of the green infrastructure network. Then, a
landscape resistance model of the study area was constructed based on the distribution of the site
resistance values of different landscape types obtained by MSPA (Figure 3); the resistance values were
determined by referring to the existing research literature [39] and expert opinions (Table 4). Finally,
the minimum paths between the core areas of the GI were simulated by the Linkage Mapper tool, and
the connecting corridors in the GI network plan of the study area were finally determined, combined
with the distribution of the bridge area obtained by MSPA (Figure 4).
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Table 4. The resistance values of MSPA landscape types.

Landscape Type Core Bridge Islet Perforation Edge Loop Branch Background

Landscape resistance
(1–100) 1 10 15 80 30 30 60 100
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2.3. Identifying the “Pinch Point” Area in the GI Network’s Connecting Corridors Based on Circuit Theory

The circuit theory connection model transforms the urban landscape into a conductive surface
based on the random walk theory. It assigns a lower resistance to the type of land cover that favors
an ecological process, with biological species considered as random walkers. Conversely, the land
cover type that hinders the ecological process is given a higher electrical resistance [42–44]. So, a
heterogeneous urban landscape is converted into nodes and resistors in the circuit. Nodes represent
the hubs of a GI network. Resistance represents the extent to which land cover types are resistant
to biological flows in the GI network. For a certain amount of electricity, a large current density is
assigned to a landscape patch with a small resistance value, and, conversely, a small current density is
assigned to a landscape patch with a large resistance value. In this way, areas with a higher current
density will appear in the entire heterogeneous landscape. That is, a species is more likely to pass
through this area during its movement, or the selection frequency of this area is higher. It may also be
an area through which the species must pass when moving between the two patches, and there is no
alternative path. If the type of cover in the area is removed or changed, an ecological process will be
blocked or affected in other ways [45].

Therefore, the area has a significant impact on the ecological connectivity of the entire landscape
and is the “bottleneck point” affecting the connectivity of the landscape. This is also known as the
“pinch point”. The expression of heterogeneous landscape data by circuits and the identification of the
“pinch point” area in the corridor using current density have important theoretical and practical value
to the planning and design of the connecting corridors during GI planning and regional GI network
protection planning.
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The current density through each corridor was calculated by the Pinchpoint Mapper tool, analyzes
the corridor importance and identifies the “pinch point” area in the landscape by the current density
in each corridor. The Pinchpoint Mapper calculation mode selects the “all to one model” calculation
mode to obtain the cumulative current value of each raster cell. The area with the higher current
density in each connecting corridor is the “pinch point” area of the corridor. The importance of the
connection of the corridor is determined according to the number and location of the distribution of
the “pinch point” areas in each corridor (Figure 5).
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3. Results

3.1. Analysis of Spatial and Temporal Changes in the GI Network Pattern Based on MSPA

It can be seen from Table 3 that the total area of GI land in the study area has continued to
decline since 2000, and the decline in core areas has become more apparent, especially since 2009, with
the rapid development of Zhengzhou–Kaifeng integration, as a large amount of GI land has been
converted into construction land. The patch area of the largest core area of green infrastructure in the
Zhengzhou–Kaifeng metropolitan area decreased from 191 km2 in 2000 to 31 km2 in 2014, and the
number of isolated patches gradually increased. The areas of the bridge, edge, loop, and branch land
types first decreased and then increased. It can be seen that the GI area of the Zhengzhou–Kaifeng
metropolitan area is gradually decreasing, the fragmentation is becoming ever more serious, and the
landscape connectivity is becoming decreasingly lower. Nearly half of the study area can be used as
GI land, but it is severely fragmented and mostly cultivated. The core area is mainly distributed in
the strip along the Yellow River, north of the study area, with good spatial connectivity and at a large
distance from the core development area of the city. The Zhongmou County area at the junction of
Zhengzhou and Kaifeng in the central part of the study area is also a concentrated zone of the core area.
Zhongmou is in the core development and expansion area of the Zhengzhou–Kaifeng metropolitan
area and plays an important role in maintaining the landscape connectivity of the entire study area.
However, the degree of fragmentation in this area is high, and the risk of converting GI land into
construction land is also high (Figure 2).

3.2. Analysis of GI Network Construction Based on the Minimum Path Method

Based on the minimum path method, a total of 165 connecting corridors were identified between
the two GI hubs in the study area, with a total area of 836.82 km2, accounting for 27.94% of the total
study area. The type of connecting corridor is mainly cultivated land. The relative resistance of
the minimum path between adjacent GI hubs in Zhengzhou City is relatively large, while along the
Yellow River area to the north, the relative resistance of the minimum cost path between adjacent GI
hubs is small. The connectivity of the study area in the east-west direction is only maintained by the
connectivity of the northern Yellow River water system, and there is almost no connection in the south.
The connectivity of the study area in the north-south direction is mainly concentrated in the Zhongmou
area. However, with the advancement of Zhengzhou–Kaifeng integration, the Zhongmou area, which
is between the two cities, is facing pressure to conserve land use types. Farmland, woodland, and
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wetland constitute the main types of landscape connecting corridors. Among them, farmland accounts
for 65.98% of the total area of the GI network, and the type of regional connecting corridor is relatively
simple. It is necessary to further increase the number of connected corridors, such as forest land,
wetland, and water, and improve the ability of regional GI to provide ecosystem services (Figure 4).

3.3. Analysis of the Identification of the “Pinch Point” Area Based on Circuit Theory

The identification of the “pinch point” area in the regional GI network according to circuit theory
plays a crucial role in maintaining the connectivity of the entire GI network. The areas with higher
current density in the study area are mainly concentrated in the east-west linking corridor along the
Yellow River in the north and the north-south corridor in the area along Zhongmou County. As an
important regional GI connecting corridor, the northern part along the Yellow River and the central
part along Zhongmou County play important roles in maintaining regional ecological security and
providing important ecosystem services. It is necessary to strengthen the protection of these areas
(Figure 5).

In the Pinchpoint Mapper tool, there are two “adjacent pair model” and “all to one model”
modes to simulate the “pinch point” area in the corridors. The “adjacent pair model” mode calculates
the “pinch point” between two adjacent core areas. The “all to one model” mode calculates the
“pinch point” between a core area and all other core areas. Through simulation analysis, we find
that the “pinch point” area obtained by the “adjacent pair model” calculation mode has no value for
maintaining the connectivity of the whole landscape because the organism can move between the two
core areas and bypass other core areas. Therefore, only the “pinch point” area obtained through the
“all to one” mode is valuable for maintaining connectivity throughout the landscape. At the same time,
we found that the current density in the “pinch point” area decreased when the width of the corridor
was increased, but the position of the “pinch point” area did not change significantly. We found that
with the increase of the corridor width, the movement of organisms between the core areas has more
possibilities, which causes current shunting and results in a decrease in current density of the “pinch
point” area, but the position does not change. Thus, it has little effect on the connectivity of the entire
landscape to increase the width of the corridor.

4. Conclusions

The key to GI network planning is the determination of “hubs” and “links”. However, the current
research on GI has not yet established a recognized standard for the identification of “hubs” and
“links”. In this study, we proposed a framework for constructing a regional GI network that is based
on three steps. The first concerns the identification of GI elements based on MSPA, followed by the
characterization of GI spatial and temporal changes. In the second step, the potential connecting
corridors of the GI network are constructed by the minimum path method. The third step further
identifies, by means of circuit theory, the key “pinch point” area of the potential connecting corridors
identified in the second step.

In relation to the first step, an outcome of the study was that the decrease in the area of green
infrastructure land in the Zhengzhou–Kaifeng metropolitan area is accelerating, and the fragmentation
is becoming progressively more serious with the rapid development of urbanization, which is
consistent with the conclusions of other, similar research [38]. If construction funds are limited
and the overall land area of green infrastructure continues to decrease, it is of great significance to
rationally allocate GI elements and give priority to protecting the key “pinch point” areas that are
vital to the regional ecological environment, thus reducing the negative impact of urban expansion on
the urban ecological environment. During the planning process, it is necessary to protect important
“core” areas and “bridge” areas and improve the ecological quality of these two areas. It is effective to
repair the broken patches in the bridging area, set stepping stones, and restore some small connections
between the patches while preserving the existing large-area core areas. Meanwhile, the number of
spotted patches is appropriately increased to reduce the distance between the patches in areas where
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corridors cannot be connected, which improves the functional connectivity and gradually reduces the
fragmentation of regional green infrastructure.

A second, not surprising, outcome was that regional landscape connectivity and urbanization level
were positively correlated. In the study area, there are fewer connecting corridors in Zhengzhou City,
where the economy is more developed, while the Zhongmou district has a lower level of urbanization
and better connectivity with more connecting corridors. The connectivity in the east-west direction
of the region is interrupted at the urban built-up area. In order to reduce the impact of urbanization
development on the overall connectivity of the region, planners can take advantage of the opportunity
provided by the transformation of the old city to set up some small green patches and connecting
corridors of a certain width in the built-up area to increase the overall connectivity of the area.

A third striking outcome was that the existing important ecological connecting corridors with
good connectivity are critical to maintaining the ecological environment of the entire region. In this
study, it was found that the current density in the northern part of the Yellow River region and the
middle part of Zhongmou County is generally higher. It can be seen that the better the ecological
quality of the patch, the greater the importance to the region, and, once it is destroyed, very serious
consequences will arise. Therefore, planning and design should strengthen the protection of key
“pinch point” areas, delineate the ecological red line, strictly control the construction activities and
the development intensity of areas with a high current density in the connecting corridors, and set
different development levels according to the current density value. For areas with a low current
density, facilities with different functions can be selectively constructed, and other uses, such as
recreation and entertainment, can be established without destroying ecological functions, forming a
composite green infrastructure network system.

In this study, we attempted to apply circuit theory to the study of regional GI network construction.
The MSPA method, minimum path method, and a circuit-based landscape connection model were
used to effectively identify the “hubs” and “links” of the GI network, and to determine the priority
protection level and critical areas of the connecting corridor. This approach avoids subjectivity in the
determination of the “hubs” and “links” of the GI network. GI elements and key areas that have a
significant impact on landscape connectivity were scientifically identified by MSPA and current density.
This affords obvious advantages to the study of the importance of connecting corridors, provides a
new research concept for GI network planning, and verifies the feasibility and practicability of circuit
theory application to GI network planning.

In terms of the future direction and further development of this research, we highlight the
following items. First, the MSPA method is very sensitive to scale changes. Different grid pixel sizes
will result in different analysis results, which affects the area of the core and bridge areas. Therefore, it
is necessary to select the appropriate MSPA parameters on the basis of the research purpose and the
study region for practical applications.

Secondly, the value of the resistance surface is mainly determined by the type of land cover
and the type of GI form obtained by MSPA when the minimum path method is used to create the
regional potential connecting corridor in the second step. Actually, there is a big difference in the actual
resistance encountered when a particular species passes through different cover types. Therefore, more
data should be integrated to determine resistance values and improve the method in the future.

Last, but not least, the landscape connection model based on circuit theory abstracts and simplifies
the movements of species in the real landscape environment, and it is based on corresponding
theoretical assumptions. In the future, regional species’ characteristics should be further studied to
modify and improve the model. The application of circuit theory to the field of landscape ecological
planning should be further promoted. The research results can provide a scientific basis for the
protection planning and connecting corridor design of highly fragmented urban GI networks. It has
important theoretical guiding significance and application values.
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