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The decline of ecological connectivity poses a challenge for China as it faces a continuous loss of biodiversity.
However, this phenomenon also increases the country’s natural reserves and afforestation area. With the
approval of the national plan for combating climate change and the implementation of the “ecological redline”
Nature reserve policy, there is an opportunity to improve China’s eco-connectivity with significant investments available for a
Least-cost path method continuous ecological restoration. However, little research has been conducted with respect to ecological con-
China nectivity, thus preventing policy makers from allocating a central investment between provinces for ecological
restoration. This study modelled the resistance map against connectivity conservation by quantifying indicators
of human disturbance and subsequently derived the national eco-corridor network by using least-cost path
methods. A total of 2790 potential eco-corridors, connecting 97% of the protected areas in continental China
were extracted. The paper ranked the importance of each eco-corridor for maintaining national ecological
connectivity and identified the pinch points with high resistance. Based on the national eco-corridor framework,
this paper proposed a two-dimensional coded table to help policy makers conduct effective management. The
table also develops scenarios to aid decision makers in allocating central investments in provinces. By prioritizing
ecological restoration to enhance ecological connectivity, the established eco-corridor network and scenario
analysis will contribute to biodiversity conservation in China. This paper gives policy suggestions on cross-border
management and plan implementation of eco-corridors, which helps decision makers in working towards
ecological protection in China.

1. Introduction

Due to landscape fragmentation and habitat loss (Rands et al., 2010;
Laurance et al., 2014), the past several decades have witnessed a global
decline in biodiversity indicators (Butchart et al., 2010a; Green et al.,
2019). Climate change has only further exacerbated the situation
driving fauna to northern and higher locations in search of low tem-
perature (Dawson et al., 2011; Burrows et al., 2014). A reduced
ecological connectivity prevents species from climate adaptation and
richness improvement (Damschen et al., 2006; Rudnick et al., 2012).
Therefore, to improve ecological connectivity, it is pivotal to identify,
promote, and preserve strategically planned green networks (Liquete
et al., 2015; Morandi et al., 2020). China, one of the 12 mega-biodiverse
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countries in the world faces a serious issue in biodiversity loss caused by
lowered ecological connectivity (Butchart et al., 2010b; Liu et al., 2020).
Even so, certain indicators, such as increased areas of artificial forests
and natural reserves seem to be achieved (Xu et al., 2009; Xu et al.,
2010).

In recent, China has experienced an unexpected rate of urbanization
(Bai et al., 2014), with the proportion of urban residents rising from
17.9% in 1978 to 63.8% in 2020. The country’s urban expansion has
consumed farmland, while new farmland is reclaimed by wilderness to
keep the urbanization rate balanced. Mountain cities with insufficient
space for development have managed to create flat land by leveling hills
and filling valleys (Li et al., 2014). Moreover, economic development
zones (EDZs) have thrived since 1984, with new policy for upgrading
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EDZs being issued in order to promote China’s policy of reformation and
openness (Ministry of Commerce of China, 2014). Unfortunately, these
policies have also resulted in further land occupation. In addition, by
constructing 161,000 km of roads until 2020 (Ministry of Transport of
China, 2021), China has become a global leader in highway develop-
ment, thus further fragmenting its landscape(Li et al., 2010; Laurance
et al., 2014; Liu et al., 2014).

In recent years, China has actively promoted the establishment of
protected areas which encompass national parks, nature reserves, and
various other natural parks. The country has established close to 10,000
protected areas, which account for about 18% of China’s total land area.
The country’s nature reserves account for 15% of these protected areas,
while national parks accounts for 2.3% (The State Council Information
Office, China, 2021). These areas are devoted to protecting natural
habitats and combating the trend of biodiversity loss. However, due
limited enforcement of existing laws, scarce local participation (Quan
et al., 2011), disagreement between multi-departmental administrators
(Xu et al., 2012, Liang et al., 2018) and even contradictory policies
(Zheng and Cao, 2015), these areas are face a wide array of problems.
Many natural reserves ultimately become isolated because the issue of
ecological connectivity is not considered when these systems are
designed at the national level. As they are biologically separated from
their neighboring protected areas, these reserves face the risk of land-
scape fragmentation, as well as the growing challenge of climate change
that forces animals to migrate in search of areas with lower
temperatures.

The country’s State Council Information Office has recently
approved white paper on biodiversity conservation in China (The State
Council Information Office, China, 2021). The Ecological Redline policy,
which has been added to China’s newly revised Environmental Protec-
tion Law (The National People’s Congress of China, 2014) has been
designed to enhance ecological restoration. A large budget for ecological
restoration will be available in the foreseeable decades. However, cen-
tral policy makers are faced with the challenge of how to allocate in-
vestments for ecological connectivity between the provinces, as well as
the issue of managing cross-boundary eco-corridors. In addition, local
regulators are still uncertain about which areas should be given priority
with respect to ecological connectivity, while the effective imple-
mentation of the eco-corridors plan at the national level has still not
been comprehensively researched.

Therefore, this study has three main objectives. Firstly, based on the
national natural reserves and spatial pattern of resistance surface of
human footprint, this paper aimed to identify China’s eco-corridor
network by the least-cost method. Secondly, it wished to rank the eco-
corridors by importance and identify their key points (i.e., bottle-
necks). Finally, through scenario analysis, this paper aims to help policy
makers decide on which areas should receive investments for ecological
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restoration. It also aids the discussion on enhancing ecological connec-
tivity to conserve biodiversity. Fig. 1 illustrates the flow chart of the
study.

2. Materials and methods
2.1. Construction of resistance surface

The Minimum Cumulative Resistance model (MCR) to identify the
ecological corridor with the minimum cost. Changes in landscape
structure affect the cost of material and energy migration, and human
activities change the type of land use, thereby affecting the landscape
structure. This study based on the hemeroby theory(Sukopp,1969)
which believes that the types of land use under the influence of human
activities, the interference of human economic and social development
on landscape patterns. Besides, human disturbance on the natural
ecosystem differs heterogeneously even though at the same land use
type. This is why we covered the three metrics of GDP, population
density, and nighttime light to quantitatively reflect the density of
human distance. The linear barriers between roads and rivers that divide
natural landscape patches can all hinder the direct material and energy
exchange and migration movement of species or certain ecological
processes between the patch landscape elements. So, we choose
anthropogenic land use, density of human disturbance and linear bar-
riers as a three-level indicator system of resistance surfaces to map
China’s eco-corridor. The study covered eleven indicator layers in the
Esri raster format. We used expert experience method to determine the
weight of indicators due to its simple and intuitive use (Zeller et al.,
2012). In the study, multiple experts in landscape ecology, animal and
plant conservation, geographic information systems, and other disci-
plines were invited to evaluate the ecological corridor resistance surface
indicators. For each province in China, three experts were invited to give
the score on the uniformly designed questionnaire. The weight of the
factors is designed between 0 and 1. By analyzing and summarizing the
results of indicators provided by experts, the average value of the weight
is adopted as the indicator weight. The weight (w1, w2, and w3) of the
resistance factors was measured using the above method (Table 1).

2.1.1. Anthropogenic land use

Developed land and agricultural land are land use types generated
under human production and living activities, which change the original
land use cover and landscape composition, and will have an impact on
the material and energy flow of natural ecosystems. Developed and
agricultural land data which resolution is 1 km obtained from National
Earth System Science Data Center (NESSDC, 2020a) function as the
components of anthropogenic land. Developed land includes urban and
rural settlements and other developed areas, including manufacturing
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Table 1
Three-level indicators for quantifying human footprints as resistance surfaces to
map China’s eco-corridor.

First level wl  Second level w2  Third level w3
Anthropogenic land 0.4  Developed land 0.6  Urban 0.4
use development land
Rural development 0.3
land
Other development 0.3
land
Agricultural 0.4  Dry farmland 0.4
land
Paddy field 0.3
Other agricultural 0.3
land
Disturbance density 0.3  GDP 03 - -
Population 03 - -
density
Nighttime light 04 - -
Linear barrier 0.3  Road density 06 - -

River density 0.4 - _

districts, factories, mining areas, oil fields, and quarries. On the other
hand, agricultural land comprises dry farmland, paddy fields and other
agricultural areas of orchards, tea plantations, and nursery gardens. Due
to their small human footprints resisting, native grassland, forest,
wetland and barren land were excluded from analysis.

2.1.2. Disturbance density

The disturbance of human economic and social development to the
ecological landscape is mainly considered in Disturbance Density. There
is a strong positive correlation between nighttime light intensity and the
level of economic activity. Lightscapes also prevent the change of
migration path among habitat patches (Jonathan et al., 2014; Kevin and
Jonathan, 2014). Gross Domestic Product (GDP) and population density
are important indicators to measure the economic situation and devel-
opment level of a country or region. The stronger the nighttime light
intensity, the higher GDP and population density, indicates the higher
the level of human activity, and the bigger intensity of interference with
natural landscapes. Therefore, GDP, population density, and nighttime
light are selected as the specific indicators of disturbance density. The
data of gridded gross domestic productivity which resolution is 1 km
retrieved from China’s GDP spatial distribution kilometer grid dataset
(Xu, 2020a). The data of gridded population density which resolution is
1 km retrieved from China population spatial distribution kilometre grid
dataset (Xu, 2020b).The data of nightlight brightness with a spatial
resolution of 30 arc second come from annual dataset of night lighting in
China (Xu, 2022), In order to eliminate the influence of brightness
variations between years, the brightest image was first composited from
the stable time-series images for 2012-2019 and then used to establish
the resistance surface.

2.1.3. Linear barriers

Linear barriers mainly include roads and rivers, which divide natural
landscape patches and reduce the connectivity of natural landscapes.
The higher the density of roads and rivers, the higher the resistance to
material and energy flow between natural landscape patches. Therefore,
road density and river density are selected as the specific indicators of
linear barrier. A 5-level river system obtained from National Earth
System Science Data Center (NESSDC, 2020b) and a 3-level road system
obtained from Resource and Environment Science and Data Center
(RESDC, 2020) in a scale of 1:250 000 were taken to be spatial barriers.
The range of values to the linear ground feature is set between 1 and 10
based on relevant literature (Niu et al., 2019), through similar process of
indicators weight, the average value of the assignment is taken as the
resistance value of the linear ground object. For the river system, 1st
level rivers were assigned a value of 7 to enhance the barrier effect of
main streams, while 2nd and 3rd level tributaries were assigned a value
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of 5, and 4th and 5th level tributaries were assigned a value of 1 to
quantitatively reduce the resistance effect. With respect to the road
system, highways were assigned a value of 7, while national and pro-
vincial back roads were assigned a value of 5. In order to map the linear
barriers into pixels with the resolution is 1Km, a kernel density analysis
was then conducted in ArcGIS by using the assigned values as weights.

2.1.4. Spatial overlay

Most indicators raster with 1 km resolution which can capture
landscape changes without dramatically increasing processing time in
national scale. Therefore, we resampled each dataset to 1 km resolution
using the cubic convolution method in ArcGIS. The pixel values for all
indicators were standardized within a range from 1 to 100 by linear
stretching to standard for the relative magnitude of resistance against
connectivity. By using ArcGIS, the paper conducted a spatial overlaying
to calculate the national human disturbance on the ecosystem.

2.2. Natural reserve selecting

The Nanjing Institute of Environmental Science provided the study
with a total of 2790 natural reserves in their national spatial database.
Errors and small or marine natural reserves were eliminated from the
analysis by applying three filtering criterions: having either a spatial
boundary or a spatial position, constituting an area of more than 50 km?,
and being a non-marine ecosystem. After applying this criteria, 1207
natural reserves, covering 1 357 089 km? (i.e., 91% of all natural re-
serves or 97% of continental reserves) had met the criteria for further
analysis. Three zones from each reserve (a core area, a buffer zone, and a
transition zone) were then merged and assigned a value of 1, which
represented minimum resistance and entailed no obstruction between
the buffer-transition or buffer-core zones. Natural reserves that shared a
boundary were treated as one patch. In the case that a reserve had two
nonadjacent patches, it was examined as two patches.

2.3. Eco-corridors, importance ranking and pinch points

In order to connect China’s natural reserves, the eco-corridors were
first identified by the model of minimum cumulative resistance (MCR)
which widely used in corridor construction (Dai et al., 2021). Then, the
study calculated the centrality of the least-cost path (LCP) to determine
the contribution of each to China’s ecological connectivity (Carroll
et al., 2012). In order to identify the bottlenecks with high resistance in
each LCP, the high-volume pinch points between adjacent natural re-
serves were mapped based on circuit theory (McRae et al., 2008). These
analyses used both Linkage Mapper (McRae and Kavanagh, 2012) and
Circuitscape (McRae and Shah, 2009).

2.4. Comprehensive priority of ecological restoration for pixels in eco-
corridor

All vector corridors that were based on the calculated centrality
values were first reclassified into 10 levels by the natural breaking
method. They were then converted into a raster with pixels coded by
four digits, ranging from 1100 to 2000 in intervals of 100. Pixels with a
higher value contributed more to the corridor to China’s ecological
connectivity at the national level (Fig. 2A). Similarly, the pixel values of
current layers for identifying pinch points were ranked in 10 levels. They
were coded by two digits, ranging from 01 to 10, thus representing
bottlenecks at the local level. A higher value indicated a more important
pinch point more important (Fig. 2B). The two layers were then com-
bined to form a 100-level corridor image. Each pixel in the image con-
sisted of four digits, which descended from 2010 to 1101 throughout
Chinese territory (Fig. 2C and 2D). The first two digits denote the con-
nectivity at the national level, while the last two indicate the current
magnitude at the local level. The methods used to calculate each pixel
were also able to determine the priority of ecological connectivity,
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Fig. 2. Combined rankings of corridor
pixels for priority of ecological restora-
tion. (A) Centrality rankings and (B)
current magnitude rankings of each
corridor. (C) The priority of the four
sample points for ecological restoration is
P1 > P2 > P3 > P4, based on the com-
bined rankings of both centrality and
current magnitude. (D) the combined
ranking of national corridor pixels with
red box representing the spatial range of
(A), (B) and (C). (For interpretation of the
references to color in this figure legend,
the reader is referred to the web version
of this article.)

which in turn guides the investment to key area in need. However, in-
dividual provinces (or other local areas) should refine these analyses at a
finer scale before taking further local actions.

3. Results
3.1. National eco-corridor network

The national eco-corridor network was established in this study and
illustrated in Fig. 3. The paper identified a total of 2790 least-cost paths
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Fig. 3. Spatial pattern of potential eco-corridors in China.
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(LCPs), with a total length of 158 435 km that connects 97% of conti-
nental protected areas.

3.2. Difference in importance of eco-corridor and pinch points

Each eco-corridor has a separate and unequal role in the national
network of ecological connectivity. Connectivity resistance even varies
along an individual LCP. The present study used the Centrality Mapper
to identify the importance of each LCP according to its quantitative
contribution to the maintenance of ecological connectivity at the na-
tional level (Fig. 4A). Furthermore, the intensity of human interference
and the resistance to the biological migration process vary between
different positions of the same eco-corridor. Pinch points with a high
resistance to connectivity in a limited space were further identified by
using the Pinch-point Mapper (Fig. 4B).

Identifying the pinch points could guide environmental management
and conservation actions (McRae et al. 2012). Centrality rankings and
resistance of pinch points along different eco-corridors will be most
beneficial for ensuring corridor connectivity, maintaining biodiversity,
and guiding management departments to carry out ecological restora-
tion through accurate spatial positioning.

Based on the centrality rankings, this study has identified the
importance of eco-corridors into 5 levels: “important”, “fairly impor-
tant”, “very important”, “specially important” and “extremely impor-
tant” (Fig. 5); in which, the latter three levels that contain 503 corridors
are recommended to be prioritized in practical construction.

3.3. Scenario of priority protection

Due to a lack of funds, it is impossible to ecologically restore all the
eco-corridors at the same time. Because of this, policy makers need to be
aware of the restoration potential when developing their annual central
budgets. This study has calculated the centrality and current resistance
rankings of China’s eco-corridors in a two-dimensional color-coded
table (Fig. 6A). In order to facilitate the allocation of funds among the
provinces, the study has developed scenarios by combining the
descending centrality rankings and current resistance (Fig. 6B-6D).

The allocation of funds is dependent on the availability of the central
budget. The policy scenarios in Fig. 6B and 6C show that Hebei receives
the maximum share of investment, while the coastal and northwestern
provinces receive no funds when the budget is insufficient. Shanxi,
Shaanxi, and Hubei are recognized as investment targets in Scenario 2.
In Scenario 3, the focus transfers to Yunnan, while Hainan and the
Xinjiang Uygur Autonomous Region are not considered due to their
lower contribution in maintaining China’s ecological connectivity
(Fig. 6D). Detailed information is provided in Table 2.
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4. Discussion
4.1. Resistance factors and widths of eco-corridors

The first step in constructing eco-corridors is identifying resistance
surface. However, there is no unified standard for the selection and
assignment of resistance factors to resistance surface (Tian et al., 2022).
This paper chose 11 resistance factors from anthropogenic land use,
disturbance density, and linear barrier. In order to normalize the resis-
tance value, all pixel values were standardized within a range between 1
and 100. Resistance factors and their values may often be affected by
different research purposes, diffusion behaviors and site conditions
within the study area. This paper’s main purpose is to create the first
national eco-corridor map. With the acquisition of a large number of
experimental data on the diffusion behavior (Chen et al., 2015; Puri
et al., 2022), the method of choosing resistance factors and standard-
izing resistance layers will be improved in the future and the results of
eco-corridor will be more likely reflect reality. As reviewed by the Zeller
et al. (2012), we all understood the risk or uncertainties of fully
depending on the expert’s opinion when developing the resistance sur-
face. However, there still lacks a holistic method currently to address
this issue. The topic on the specified weighting factors deserves in-depth
investigation in the next-step. The issue of reasonably setting the length
and width of the eco-corridor has always been the focus of management
department and scientist. If the design of the eco-corridor is too large
and the protected patches more than 80 km apart, wild animal migra-
tions within the eco-corridor will be threatened by land use conversion
(Clevenger and Huijser, 2009). Thus, when the distance between two
protected areas is greater than 80 km, the corridor is designed to include
one or more large habitat patches based on the ecological steppingstone
principle. This way, the animals are able to stay for a time during the
migration season as a form of transition, while this practice also reduces
the migration risk of the corridor caused by climate change. If the
corridor is too narrow, it will be able protect biodiversity, thus wasting
the protection investment. On the other hand, if is too wide, it will
expand faster and will not be able to connect the protected area (Beier,
2019). The suitable eco-corridor width should thus be determined by the
size of the protected area and the distance between two protected areas.
For instance, when the size of the protected area exceeds 50 km? and the
distance is between 8 and 80 km, the width should be at least 2 km
(Beier, 2019). As the distance and area decrease, the corridor width will
become smaller.

The purpose of this study is to build a national large-scale eco-
corridor. Implementing each fine-scale individual corridor will require
further cooperation with scientists and ecological conservation plan-
ners. The width of the ecological corridor should consider the impact of
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Fig. 5. Five importance levels of national eco-corridors in China.

protection objectives, species diffusion behavior, corridor vegetation
composition, corridor matrix, and several other factors. The suitable
eco-corridor could aid plants and animals in shifting their ranges in
response to climate change (Beier, 2019).

4.2. Cross-boundary eco-corridor management and biodiversity
conservation

Large-scale ecological corridors often cross boundaries. Among the
identified eco-corridors, 572 connect two provinces and intersect with
administrative boundaries, generating a total of 1346 crossing points
(Table 3). Inner Mongolia and the Hebei and Sichuan provinces have the
most intersection points, while Xinjiang Uygur, Tibet autonomous re-
gions and Qinghai province have the least.

Ecological connectivity should not be restricted by administrative
boundaries. In general, the Chinese Environmental protection depart-
ment executes polices through a top-down approach that includes
multiple levels, including the central ministry, provincial, prefectural or
county administrations. However, the design of eco-corridors should not
be conducted on the provincial level independently, as the 1300 eco-
corridor crossing points with provincial boundaries would otherwise
be neglected.

Governing eco-corridors requires coordination between govern-
mental organizations that spans beyond jurisdictional boundaries
(Fremier et al. 2015). Thus, establishing social connectivity and network
governance are pivotal to managing the cross-boundary eco-corridor.
These measures will bring about responses and better adaptation to
environmental change across administrative boundaries and enhance
coordinated planning, funding and actions among governing bodies

(Keeley et al., 2022).

The mode of construction and management for cross-boundary eco-
corridor network should be developed. Government policy makers, non-
governmental organizations, and individuals from different cultural
backgrounds should work on enhancing eco-corridor protection
awareness and coordination capacity. All these groups should also
participate in the formulation of cross-boundary management models.

It is important to evaluate the effectiveness of the network of cross-
boundary protected areas (Agrawal,2003). Setting evaluation indicators
and monitoring their changes, evaluating the effectiveness of the
infrastructure, legal system construction, capital investment and com-
munity participation in the reserve, identifying gaps in coordination,
investment, and training, that would guide the efficient implementation
of cross-boundary management and ensure animal migration and
improve biodiversity.

However, most cross-boundary protection still lacks well thought out
policies, restricting the development of a cross-boundary protection area
network. Because of this, it is necessary to further study and establish
better cross-boundary protection laws, policies, special management
departments, supervision and operation institutions. It is also crucial to
strengthen the role of non-governmental organizations in cross-
boundary protection, establish departmental communication and coor-
dination, and enhance the management of natural resources.

4.3. Implementation eco-corridor plan for biodiversity

On the global level, China has invested the most for ecological
restoration. In 2001, the Chinese State Council approved a six-project
clustered forestry program, proposed by the State Forestry
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Fig. 6. Policy scenarios of allocating central funds for ecological restoration among the provinces in China. (A) Tabulated areas (km?) of eco-corridors based on
combined rankings of centrality and current resistance. Three scenarios for the allocation of funds for ecological restoration are indicated. (B) Scenario 1: percentage
of funds allocated to areas with both the highest centrality and resistance levels. (C) Scenario 2: percentage of funds allocated to areas with the two highest centrality
and resistance levels. (D) Scenario 3: percentage of funds allocated to areas with the five highest centrality and resistance levels.

Administration. Four of the projects involve massive revegetation: the
Natural Forest Protection Project, the Cropland Conversion to Forest
Project (i.e., Grain for Green), the Three North Shelter and Yangtze River
Basin Shelter Forest Project and the Project of Sandstorm Sources
Treatment in Beijing and Tianjin. This clustered program was a mile-
stone in the process of national ecological restoration, with 362 billion
CNY (ca. 52.14 billion US$) of investment funds being distributed be-
tween the provinces (Fig. 7A, Fig. 7B). Unintended results such as
overemphasis on the economic function of mono-culturing can occur
(Xu et al., 2000; Xu, 2011). China’s afforestation projects produced
40.24 million ha of new forest land between 2003 and 2012 (Fig. 7C,
Fig. 7D). Consequently, while the number of Net Primary Production
(NPP) and vegetation-covered areas increased, the number of species
planted in the afforestation plan was fewer than in natural forests
resulting in poor biodiversity and a weak self-regulation ability of the
ecosystem (Feng et al., 2021).

Even though the country has allocated a significant amount of funds

for domestic ecological restoration, the protection network is yet to been
formed. Due to previous research gaps related to spatial patterns of both
centrality and the pinch points of the eco-corridor network, the contri-
bution of massive afforestation to ecological connectivity has been
compromised in the past. Various ecological projects sponsored by the
central government have often been conducted independently of each
other, thus highlighting only their own singular purpose. As a result, the
commonly shared purpose of connecting natural reserves through eco-
corridors was never fully considered. The failure to link the conserva-
tion of biodiversity with afforestation projects has weakened the effi-
ciency of central investments intended for in mitigating the increasing
threat of climate change and anthropogenic activities. Similarly, due to
the impact of human grazing and human activity, the protection effect of
the existing international ecological network is performing as well as
expected. For example, site covers only the minority of national species
of community interest, with birds making up a maximum of 2% in
Natura 2000 network (Zisenis, 2017). Thus, the eco-corridors network
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Table 2

Areas of pixels in eco-corridor for priori ecological restoration in various provinces.
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Province Area of $;% (km?) Percentage of S;” (%) Area of S," (km?) Percentage of Sy (%) Area of S5* (km?) Percentage of S3" (%)
Heilongjiang 1 0 50 1 2415 3
Inner Mongolia 54 12 398 8 5391 7
Xinjiang 0 0 0 0 0 0
Jilin 3 1 102 2 1520 2
Liaoning 0 0 41 1 1796 2
Gansu 21 5 155 3 2871 4
Hebei 119 27 571 11 4646 6
Beijing 21 5 50 1 587 1
Shanxi 46 10 478 9 5472 7
Tianjin 0 0 24 0 147 0
Qinghai 0 0 4 0 107 0
Shaanxi 20 5 493 10 5101 7
Ningxia 5 1 9 0 1252 2
Tibet 0 0 0 0 20 0
Shandong 0 0 197 4 1815 2
Henan 17 4 301 6 2931 4
Jiangsu 0 0 0 0 673 1
Anhui 0 0 236 5 1601 2
Sichuan 59 13 435 9 5957 8
Hubei 1 0 129 3 2363 3
Shanghai 0 0 0 0 0 0
Zhejiang 0 0 8 0 88 0
Jiangxi 0 0 26 1 2745 4
Hunan 16 4 519 10 5151 7
Yunnan 41 9 452 9 7708 10
Guizhou 5 1 105 2 5068 7
Fujian 0 0 3 0 944 1
Guangxi 13 3 154 3 3753 5
Taiwan 0 0 0 0 0 0
Guangdong 0 0 117 2 3202 4
Xianggang 0 0 0 0 0 0
Hainan 0 0 0 0 0 0
Total 442 100 5057 100 75,324 100

@ S1, Scenario 1: pixels in the 10th centrality and current resistance levels are considered for ecological restoration; S2, Scenario 2: the 9th and 10th centrality and
current resistance levels are considered for ecological restoration and S3, Scenario 3: the 6th-10th centrality and current resistance levels are considered for ecological

restoration.

Table 3

Total number of crossing points between administrative boundaries and eco-corridors in various provinces.
Province Number Province Number Province Number Province Number
Inner Mongolia 96 Anhui 61 Shanxi 47 Liaoning 24
Hebei 94 Heilongjiang 61 Beijing 45 Shandong 18
Sichuan 89 Gansu 59 Henan 45 Ningxia 17
Guangxi 83 Guizhou 59 Guangdong 44 Tianjin 17
Jiangxi 74 Yunnan 57 Jiangsu 29 Qinghai 16
Hubei 73 Shaanxi 55 Zhejiang 26 Xizang
Hunan 73 Jilin 50 Fujian 25 Xinjiang 2

should also include endemic species, endangered species, as well as
habitats suitable for them. In addition, the corridor should also take into
account the current potential threats and protection measures to achieve
the protection objectives at the minimum cost (Sanderson et al., 2003).

Research has shown that partnership among stakeholders, continuity
of leadership, sufficient funds and public outreach are important for
encouraging the implementation of ecological corridors (Keeley et al.,
2019). Designing mechanisms for stakeholder engagement and building
an eco-corridor management platform with government leadership and
multi-party participation will ensure corridor construction. Based on the
government funds allocated for this project and the need for attracting
multi-channel investment, it is necessary to establish a multi-level and
multi-channel investment mechanism for nature reserves that will
envelop both the state and local level. The country needs to assess the
reconstruction cost for the damaged corridor through land use adjust-
ment. This will provide a basis for the budget needed for practical land
use adjustment and will solve the issues of ecological suitability and
economic rationality (Li et al., 2022). In addition, public outreach is also
able to support connectivity implementation actions. Namely, under

public pressure, institutions may be more likely to take protective
actions.

4.4. Natural block conservation

Habitat loss due to anthropogenic influences, such as urbanization
and infrastructure development, is one of the main causes behind
biodiversity decline (Fletcher et al., 2018). Even though the National
Nature Reserve policy facilitates conditions for the development of
natural vegetation without negative human interference (Feng et al.,
2021), misleading policies such as eco-corridor scale reduction and
natural blocks may negatively impact the environment and biodiversity
(Conceicao et al., 2022). Therefore, it is crucial to strengthen the pro-
tection and management of ecological blocks which are connected with
the construction of natural reserve system.

Land use change is the primary cause of ecological degradation,
which has directly affected China’s biodiversity since 1970 which re-
ported by Intergovernmental Science Policy Platform on Biodiversity
and Ecosystem Services (IPBES, 2019). Habitats and natural blocks
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Fig. 7. Spatial pattern of (A) central investment distributed among the provinces, (B) accumulated central investment of the four major forestry projects between
2003 and 2012, (C) afforest areas distributed among the provinces, and (D) overall afforestation areas of the four major forestry projects between 2003 and 2012.

situated outside national natural reserves are vulnerable to incompatible
land-use change and decisions made by local governments. Recent sci-
entific evidence suggests that municipal actions regarding land use
change are a critical for biodiversity conservation (Allred et al., 2021).
Individuals involved in land use and protection planning programs
should thus actively cooperate with municipal officials providing
continuous assistance (Allred et al., 2021). In the future, these practices
may be further developed to help municipal decision makers improve
their biodiversity protection capacity.

Habitate protection shall be included in both spatial planning and
operational policies, such as the land protection fund and the biodi-
versity conservation fund. Furthermore, biodiversity offsets are also
being implemented as part of the No Net Loss (NNL) policies around the
world. These policies have managed to compensate for the impact of
human intervention on natural habitats in many countries (Sponagel
etal., 2022). In China, a biodiversity offets is visible through allocating a
budget for key ecological functional areas for 15 years, with the budget
set to increase to 98.204 billion CNY by 2022. However, there is still a
lack of research on the effect of biodiversity compensation. Because of

this, policy makers, stakeholders, and scientists need to cooperate and
evaluate the economic and ecological impact under different compen-
sation scenarios. After, they will be able to select the most appropriate
compensation scheme. Finally, in order to encourage people to donate to
biodiversity funds, one suggested strategy is to take flagship species as a
protection target and attract public action and investment for habitat
connection (Walpole and Leader-Williams, 2002).

5. Conclusions

Connectivity is a pivotal for conserving biodiversity (Dupras et al.,
2016; Montis et al., 2019). The aim of eco-corridor research is to protect
biodiversity and promote the material and energy flow of “ecological
isolated islands”. Because of this, eco-corridors will play a crucial role in
future ecological research. In China, declined ecological connectivity
threatens the country’s biodiversity. Forestry projects should be
continue, and new policies for increasing the carbon sink and demar-
cating ecological limits (redline) will soon be introduced. Based on the
eco-corridor framework, this study has highlighted the importance of
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ranking and identifying the pinch points with high resistance. Thus,
policy makers must work to include eco-corridors in their plans for
ecological restoration. By including them into ecological restauration
plans, two goals could be achieved. There would be revegetating at the
local level, while ecological connectivity would be enhanced at the
national level. Furthermore, connectivity conservation should also seek
to restore ecological connectivity at a national scale through collabo-
rative conservation (Wyborn, 2015), government management, and
increased public interest.
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