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Abstract: Human activities are constantly affecting ecological space, and the construction of ecological
security patterns to ensure ecological security has become an issue that must be considered for
sustainable development. At present, little attention has been paid to the ecological security of cities
with a high number of nature reserves. In this study, we took Garze Tibetan Autonomous Prefecture
in China, which has many nature reserves, as the research object to construct an ecological security
pattern with nature reserves as ecological sources. Firstly, Fragstats 4.2 and ArcGIS 10.4 were used to
obtain the ecological risk evaluation results of the study area landscape. Secondly, a “nature–society–
landscape” resistance factor system and an ecological resistance surface were constructed using a
minimum resistance model. Finally, the ecological safety zone of the nature reserve was divided,
and the ecological safety pattern of the nature reserve was established. (1) The ecological risk of the
study area shows a spatial distribution pattern of “low in the northwest and high in the southeast”,
with low and moderate-low ecological risk dominating; (2) The study area has formed an ecological
security pattern consisting of 9 ecological sources, 35 ecological nodes, 8 ecological corridors with a
total length of 702.96 km and 4 ecological safety zones; (3) The ecological security pattern of nature
reserves in the study area was divided into four categories: low, medium, high and moderate-high
ecological safety zones, accounting for 20.62%, 27.34%, 24.48% and 27.55%, respectively. This study
provides a new framework for the construction of urban ecological safety patterns and offers scientific
guidance for the conservation and management of nature reserves and urban ecology.

Keywords: landscape ecological risk; ecological security pattern; minimum cumulative resistance
model; nature reserve; Garze Tibetan Autonomous Prefecture

1. Introduction

In recent years, rapid urbanization has become one of the main characteristics of
human social development, directly impacting regional landscape patterns and ecological
sustainability [1–4]. With the continuous expansion of human society and the enormous
pressure of natural ecosystem protection, the coordination between ecological protection
and urbanization has become more urgent [5,6]. As socio-economic and ecological concerns
continue to rise, the focus of research in regional landscape ecology has gradually shifted
towards ecological security [7,8]. Currently, the management of individual ecosystems
no longer meets the needs of regional spatial governance, and integrated multi-regional
ecosystem management has become the mainstream of research [9]. The construction
of ecological safety models (ESPs) can provide scientific guidance for regional territorial
spatial governance, thereby reducing the fragmentation of ecologically important land and
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habitats caused by sprawl in urbanized areas [10]. The construction of ESPs can maintain
ecosystem structures and processes for effective environmental control and sustainable
protection of mountains, rivers, forests, farmlands, lakes and grasslands [11].

Research on ESPs originated from landscape ecological planning methods, and these
studies mainly focused on the construction of a theoretical framework, a selection of
ecological safety composition methods and the improvement of the evaluation index
system [12]. At present, the traditional method for constructing ESPs can be divided into
three steps: determining ecological sources, constructing an ecological resistance surface,
and determining ecological corridors [13]. Ecological sources are the source points for
species dispersal, with high ecosystem services, habitat quality and continuity of mapping.
Most early studies used natural landscapes, nature reserves and large-scale habitat patches
to represent ecological sources [14,15]. Some other studies constructed evaluation systems
from the perspectives of ecosystem services [16], ecological adaptability [17], and ecological
red lines [18], and used other relevant evaluation methods to identify ecological sources [19].
The ecological resistance surface reflects the resistance to ecological processes such as
material exchange, energy transfer and species migration between ecological sources, and
it is central to the construction of ecological corridors [20]. Most of the existing studies
on resistance surface construction are based on resistance coefficients that are related
to ecological factors such as land use type, slope and elevation and are then assigned
according to expert experience [21]. However, this method is highly subjective and does not
consider the influence of human activities on ecological resistance coefficients; therefore,
the revision of the basic ecological resistance surface has become an important trend in
ecological resistance surface construction over recent years [22]. Another related concept
is the ecological corridor, which serves as a bridge for communication between various
ecological sources and is a necessary channel for species migration and the energy exchange
in ecological resources. It is one of the basic models for the construction of ESPs [23]. The
minimum cumulative resistance model [24] and circuit theory [25] are the main methods
for identifying ecological corridors. Among these methods, the minimum cumulative
resistance (MCR) model integrates the horizontal connection between landscape units [26]
to reflect the internal organic connection of ESPs and the internal connection of ecological
processes, which is practical and scalable [27].

Ecological risk is the potential for an entity or action to have a negative ecological
effect on an ecosystem or its components [28]. Landscape ecological risk assessment can
reflect the negative impacts of the interaction of landscape patterns and ecological processes
under the influence of natural or anthropogenic factors. It is a tool that can effectively
support ecological network construction and ecologically sustainable management and
occupies an important position in the field of ecological risk assessment [29,30]. Landscape
ecological risk assessment can assess the ecological condition of a region from a landscape
pattern and ecological perspective, providing a reliable scientific basis for ecological con-
servation decisions and the further development of the region [31,32]. Among them, the
landscape index is a simple quantitative index that responds to the composition, structure,
and spatial configuration of the landscape, enabling multi-scale and multi-spatial compar-
isons [33,34]. In this paper, the landscape index method was combined with indicators
characterizing ecological conditions to calculate the ecological risk of the landscape within
Garze Tibetan Autonomous Prefecture (GTAP) to better describe the risk situation under
multi-source pressure.

GTAP has numerous nature reserves with spectacular natural landscapes, including
snow-capped mountains, glaciers, gorges, grasslands, and forests [35]. It is also one of
China’s most important habitat areas, with a large number of lakes, rivers and wetland
ecosystems. In addition, this region is one of the largest Tibetan settlements in southwest
China and is one of the birthplaces of Chinese culture [36]. However, with the impact of
climate change and extreme weather, as well as regional changes such as land use changes
caused by human activities, it is inevitable that these will impact the ecosystems of nature
reserves, increasing their ecological risks. Therefore, studying the ecological risk of the
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landscape and constructing an ecological safety pattern in the region requires an assessment
of the relationship between nature reserves in the region and the construction of a regional
ecological safety pattern, which is an important basis for conducting regional ecological
conservation studies.

Nature reserves are important types of protected areas that protect the integrity of
ecosystems, biodiversity, and landscape diversity in a certain area and are an inevitable
choice for modernizing the governance system and capacity in the field of natural ecological
protection [37]. There are many nature reserves in GTAP [38]. Therefore, to study the
ecological risk of this landscape and construct an ecological security pattern in the region,
it was necessary to assess the relationship between the nature reserves in the region and
the construction of a regional ecological security pattern, which is an important basis when
conducting regional ecological conservation research [39,40]. Nature reserves, with their
rich species resources and complex and diverse biological structures, are often used as
ecological sources to build regional ESPs and achieve remarkable results [41–43]. Therefore,
this study selected the nature reserve as the ecological source and constructed a regional
ecological security pattern that was in line with the actual situation of the study area,
scientific and reasonable.

The objectives of our research were: (i) to evaluate and analyze the landscape ecological
risk level of GTAP in China; (ii) to construct an ecological security pattern for nature reserves
and (iii) to summarize the impact of constructing an ecological security pattern for nature
reserves on regional sustainable development.

2. Materials and Methods
2.1. Study Area

The GTAP (27◦58′′–34◦20′′ N, 97◦22′′–102◦29′′ E) is located in the western part of
Sichuan Province, with a total area of 153,000 square kilometers, accounting for 31.76%
of the total area of the province (Figure 1) [44]. The topography of Garze Prefecture
slopes from northwest to southeast, and the landforms are mainly divided into a mounded
plateau area, an alpine plateau area and an alpine valley area. The climate is subtropical,
but due to the strong uplift of the terrain, the climate gradually changes to a continental
plateau mountain-type monsoon climate in most areas, with complex and diverse climatic
conditions and significant regional differences. Winters are long while summers are short;
the frost-free period is short; the average annual temperature is below 10 ◦C in most areas;
the precipitation is 347~922 mm, and sunshine hours are 1700~2600 h [45]. According to
the statistics for 2020, the total GDP was 41.061 billion yuan, accounting for 0.84% of the
province’s total GDP, while its population was 1.1074 million, accounting for approximately
1.3% of the province’s total population [46]. The special geographical location and climatic
conditions of this area make the state rich in biological resources and profound grassland
cultural heritage and also situate Garze as a key link in the balance of waters and ecological
protection of the Yangtze River basin, an important ecological security barrier and key
ecological function area [47].

2.2. Materials

Based on relevant literature [35,36] and field research, this paper builds a bridge
between nature, society, and landscape. Therefore, the data used in this paper included the
2020 land use data, normalized difference vegetation index (NDVI), elevation, slope, roads,
settlements, nature reserves and 2020 socio-economic data. Among them, the 2020 land
use data and normalized difference vegetation index (NDVI) were obtained from the
Resource and Environment Science and Data Center of the Chinese Academy of Sciences
(https://www.resdc.cn/, accessed on 5 December 2022); the elevation and slope data
were based on the Geospatial Data Cloud of the Chinese Academy of Sciences (https:
//www.gscloud.cn/, accessed on 5 December 2022) and processed using ArcGIS with a
resolution of 30 m. The data on roads and settlements were obtained from the National
Catalogue Service for Geographic Information (https://www.webmap.cn/, accessed on
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5 December 2022); the data on nature reserves were obtained from the China Nature Reserve
Biological Specimen Resource Sharing Platform (https://www.bhq.papc.cn/, accessed on
5 December 2022); socio-economic data for 2020 were obtained from the GTAP Statistical
Yearbook 2020 (http://www.gzz.gov.cn/, accessed on 5 December 2022). All data were
converted to a unified projection coordinate system (WGS_1984_UTM_Zone_47N).
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In this paper, nine nature reserves of different types and levels were selected as
ecological source sites according to the current situation [35] and relevant literature [48,49]
of the study area (Table 1), with a total area of 22,832.88 km2, accounting for 14.89% of the
study area.

2.3. Methods
2.3.1. Integrated Framework

This paper establishes an ecological resistance surface based on the results of the
landscape ecological risk assessment, identifies ecological corridors and ecological nodes
and constructs an ecological safety pattern. Therefore, the framework of this study was
divided into three parts (Figure 2). Firstly, land use data were imported into Fragstats 4.2 to
obtain the number and area of each landscape patch as well as the landscape index. Through
ArcGIS 10.4 software, the results of the landscape index were calculated to obtain the
spatial distribution of ecological risk in the study area of the landscape. Secondly, selected

https://www.bhq.papc.cn/
http://www.gzz.gov.cn/
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ecological sources and resistance factor systems were subjected to ArcGIS software, and
the MCR model was used to obtain the spatial distribution of minimum resistance values.
The ecological corridors were constructed with the help of path cost and hydrological tools.
Finally, according to these results, the ESPs of the study area were established, and the
spatial distribution of ecological safety zones was obtained.

Table 1. Type, Grade and Area of Nature Reserves in GTAP.

Number Name Type Grade Area (km2)

1 Gongga Mountain National Nature Reserve Forest Nature Reserve Country 5970.5

2 Yading National Nature Reserve of Sichuan Province Forest Nature Reserve Country 1449.92

3 Gexigou National Nature Reserve Animal Nature Reserve Country 551.82

4 Chaqingsongduo National Nature Reserve Animal Nature Reserve Country 1570.33

5 Haizi Mountain National Nature Reserve Wetland Nature Reserve Country 4628.37

6 Changshagongma National Nature Reserve Animal Nature Reserve Country 6662.09

7 Xiayong Nature Reserve Forest Nature Reserve Province 234.97

8 Tainingyuke Nature Reserve Forest Nature Reserve Province 1340.97

9 Yibicuo Swamp-Wetland Nature Reserve Wetland Nature Reserve Province 423.91
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2.3.2. Landscape Ecological Risk Assessment

The landscape pattern is spatially and regionally heterogeneous [21]. Therefore, this
paper divided the study area into grid cells of the same scale using ArcGIS 10.4’s crate
fishing net tool. After several trials and comparisons (Figure 3), and with reference to the
relevant literature, a 5 km × 5 km ecological risk map grid was used to integrate the land
type data, for a total of 4270 grids. The ecological risk index was calculated for each type of
landscape in each site, which generated the ecological risk value for the central point of the
sample site [50].
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In this study, the landscape disturbance index, landscape vulnerability index and
landscape loss index were selected to establish a landscape ecological risk evaluation model,
and the landscape index of the study area was calculated based on Fragstats 4.2 software to
analyze the spatial distribution of the landscape’s ecological risk in the study area [51].

The landscape disturbance index (Ei) reflected the degree of external disturbance in
the ecosystems represented by different landscapes in the study area [52]. This is calculated
from the landscape fragmentation index (Ci), landscape splitting index (Ni) and landscape
dominance index (Di). The calculation formula was as follows:

Ei = aCi + bNi + cDi (1)

where Ci is the landscape fragmentation index, Ni denotes the landscape splitting index,
and Di denotes the landscape dominance index. Landscape fragmentation had a significant
impact on the ecosystem and limited the function of the ecosystem. Ci is the degree of
landscape fragmentation and can reflect the influence of external factors on the landscape;
the higher its value, the more disturbed the landscape is [53]. Ni reflects the degree
of separation of different patches in the landscape and is an important indicator when
describing the structure of the landscape; the higher its value, the more dispersed and
complex the distribution of the landscape [54]. Di measures the importance of patches in
the landscape; the higher their value, the greater influence the patches have on landscape
pattern formation and change [55]. a, b and c are weights, and a + b + c = 1. Their weight
values were determined by referring to the existing literature [56–58], and a, b and c were
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assigned values of 0.5, 0.3 and 0.2, respectively. Ci, Ni and Di were calculated according to
Equations (2)–(7).

Ci =
ni
Ai

(2)

where Ai is the total area of landscape type i, and ni is the number of patches for the
landscape type i.

Ni =
1
2
×

√
ni
A
× A

Ai
(3)

where A is the total area of all the landscapes.

Di =
(Qi + Mi)

4
+

Li
2

(4)

Qi =
Gi
G

(5)

where Gi is the number of grids in the patch where i occurs, and G is the total number
of grids.

Mi =
Pi
P

(6)

where Pi is the number of patches i, and P is the total number of patches.

Li =
Si
S

(7)

where Si is the area of patch i, and S is the total area of the grids.
The landscape fragility index (Fi) was obtained by an expert scoring method. The

vulnerability number reflects the sensitivity of different landscape ecosystems to external
disturbances; the higher the Fi value, the more unstable the ecosystem and the more
vulnerable it is to damage. Combining the characteristics of the study area, six types of
landscapes were assigned values: unused land had a value of 6, water bodies were a value
of 5, arable land was a value of 4, grassland was a value of 3, woodland was a value of 2
and built-up land was value 1 [59,60].

The landscape loss index (Ri) reflected the degree of loss in natural attributes when
different landscape types were disturbed by the outside world, and the larger the value,
the greater the degree of loss [61,62]. The calculation formula is outlined as follows:

Ri = Ei × Fi (8)

The ecological risk index was based on the index of each landscape and the area of
each landscape; the index and area were used to reflect the degree of risk for the ecosystems
represented by different landscapes [63]. The calculation formula is as follows:

ERIk =
n

∑
i=1

Aki
Ak
× Ri (9)

where ERIk is the landscape ecological risk index of the k risk plot, Aki is the area of the i
types of the landscape in the k risk plot, Ak is the total area of the k risk plot, and Ri is the
ecological loss index of the i type of the landscape.

2.3.3. Construction of Ecological Security Pattern

This study constructed the resistance factor system of a “nature–society–landscape” [64].
The different resistance factors were divided into five levels; levels 1–5 represented low,
moderate-low, medium, moderate-high and high resistance, respectively (Table 2). The
quantitative spatial expressions of each indicator were processed in ArcGIS 10.4 by the
reclassification tool.
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Table 2. The evaluation factors used to determine ecological resistance.

Type Resistance Factor Resistance Value/Grade Weight Attribute

Society
Distance to the settlements (m) >3200/1; 2401~3200/2; 1601~2400/3;

801~1600/4; 0~800/5 0.0593 -

Distance to the roads (m) >3200/1; 2401~3200/2; 1601~2400/3;
801~1600/4; 0~800/5 0.0677 -

Landscape
Landscape ecological risk low/1; moderate-low/2; medium/3;

moderate-high/4; high/5 0.3576 +

Normalized difference vegetation (0.8, 1]/1; (0.6, 0.8]/2; (0.4, 0.6]/3;
(0.2, 0.4]/4; (0, 0.2]/5 0.1866 -

Nature
Slope/(◦) (0, 2]/1; (2, 6]/2; (6, 15]/3; (15, 25]/4; >25/5 0.1596 +

Elevation/m 975~1000/1; 1001~2500/2; 2501~4000/3;
4001~5500/4; >5500/5 0.1692 +

Indicators of social factors include distance to settlements and distance to roads. As
a place for human settlement, settlement is often accompanied by human daily life and
construction [65]. Roads are the main means of transport for humans and their daily
access [66]. Settlements and roads inevitably have an impact on the natural environment.
Distance, therefore, reflects the extent to which human activities disturb the ecosystem, with
a closer distance to settlements and roads corresponding with higher levels of ecological
risk and resistance values.

The landscape factor indicators include the landscape ecological risk index and
the NDVI. The landscape ecological risk index indicates the ecological risk value of
the area; the higher the index, the higher the ecological risk and resistance level [67].
The NDVI indicates the vegetation cover of the area; a higher value indicates a more
stable landscape ecosystem, while the lower the ecological risk, the lower the resistance
level [68].

Natural factors include elevation and slope. They reflect the potential impact of
topographic factors on hazards such as erosion and disaster risk, with higher values
implying a greater ecological risk to the landscape. The weight value reflects the degree
of influence on the resistance factor of the evaluation object. There are many methods to
determine the weights, including those commonly used, including the expert scoring
method, principal component analysis, analytic hierarchy process (AHP), fuzzy cluster
analysis and so on [69]. In determining index weights, the AHP method was more
reasonable and hierarchical than other methods. This method requires fewer data and
calculations and is easy to understand, so AHP was chosen to determine the index
weights in this paper. In this study, an expert questionnaire was used to ask six experts
to compare the scores of the indicators in the evaluation system using a scale of 1 to
9. Through the consistency test, the consistency ratio was 0.017, less than 0.10, which
indicates that the judgment matrix had reasonable consistency [70]. The weights of
different resistance factors are shown in Table 2.

2.3.4. Construction of Ecological Corridors

As a bridge between various ecological sources, ecological corridors are necessary
channels for species migration and the energy exchange in ecological resources and are
one of the basic models for the construction of ESPs [71]. The resistance surface reflects
the resistance to ecological processes taking place between ecological sources [72,73]. The
minimum cumulative resistance model (MCR) can be used to simulate and calculate the
minimum resistance that species need to overcome to move between source points in order
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to construct ecological corridors for biological flows [74]. The calculation formula for this is
as follows:

MCR = fmin

i=m

∑
j=n

Dij × Ri (10)

where MCR denotes the minimum cumulative resistance value, and fmin indicates a positive
correlation with MCR in ecological processes; Dij is the distance from source j to target
source i; Ri indicates the resistance value of target source i to species migration.

3. Results
3.1. Landscape Ecological Risk Assessment

Based on the land use data of the study area, the landscape pattern indices of each
landscape type in the study area were obtained with the help of Fragstats 4.2 software
(Table 3). The results of the landscape ecological risk study in the study area were obtained
using ArcGIS and are shown in Figure 3.

Table 3. Indices of landscape in the study area.

Landscape Type Ci Ni Di Ei Fi Ri

Cropland 0.0132 0.5545 0.0578 0.0922 4 0.0176
Woodland 0.0027 0.0474 0.4394 0.0517 2 0.0049
Grassland 0.0004 0.0131 0.3235 0.0344 3 0.0049
Waterbody 0.0137 0.6648 0.0435 0.1075 5 0.0256

Built-up land 0.0411 3.8184 0.0112 0.5841 1 0.0278
Unused land 0.0026 0.0856 0.1246 0.0260 6 0.0074

From Figure 4, the ecological risk in Garze Prefecture shows a spatial distribution
pattern of “low in the northwest and high in the southeast”, with obvious spatial differences.
Among them (Table 4), the low ecological risk area covered 42,108.95 km2, accounting for
27.45% of the total area, mainly in the northwestern part of Garze Prefecture, which has a
large area of grassland and high vegetation coverage. The moderate-low ecological risk
area covered 34,391.56 km2, accounting for 22.42%, mainly in the central part of Garze
Prefecture, which has a large number of nature reserves and shows a distribution trend
of spreading around with each nature reserve as the center. The medium ecological risk
area covered 33,863.99 km2, accounting for 22.08%, which was mainly distributed in Daoge
County and Luhuo County of Garze Prefecture. The moderate-high ecological risk area
covered 28,179.74 km2, accounting for 18.37%, mainly distributed in the area where the
western part of Garze Prefecture meets Tibet. Additionally, the high ecological risk area
covered 14,847.16 km2, accounting for 9.68%. This was mainly distributed in Luding
County, Yajiang County, Jiulong County and Daocheng County in the southeastern part
of GTAP.

Table 4. Areas of different landscape ecological risk levels.

Ecological Risk Area (km2) Percentage of the Area (%)

Low 42,108.95 27.45

Moderate-low 34,391.56 22.42

Medium 33,863.99 22.08

Moderate-high 28,179.74 18.37

high 14,847.16 9.68
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3.2. The Construction of Ecological Security Pattern for Garze Prefecture
3.2.1. Establishment of Ecological Resistance Surfaces

In this study, the ecological resistance surface was constructed based on the results
of landscape ecological risk evaluation and the results of the resistance factor grading
(Figure 5), which were obtained by overlay analysis using the raster calculator in the
ArcGIS 10.4 spatial analysis tool (Figure 6a).
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Figure 6. Ecological resistance surface (a) and minimum cumulative resistance value (b) in GTAP.

From Figure 6b, it is clear that the northern and central areas of the study area had low
resistance values, and the diffusion of ecological flow was relatively smooth. As these areas
are mainly located within the scope of the nature reserve, the topography is complex and
variable, and human interference factors are lower. The areas with high resistance values
were distributed in a block pattern in the south and southeast of the study area, where
human construction activities were more frequent and urban construction sites were more
concentrated, which affected the diffusion of ecological flows.

3.2.2. Ecological Corridors Construction

In this study, ArcGIS 10.4 was used to determine the ecological nodes and the results
of the study are shown in Figure 7. The eight ecological corridors in the study area had
a total length of 702.96 km and were characterized by a “claw-like” spatial distribution
pattern. The ecological corridors ran through the north and south of the study area, mainly
along the distribution zone of “Changshagongma–Chaqingsongduo–Haizi Mountain”,
“Tainingyuke–Yibicuo Swamp-Wetland–Gexigou–Yading” and “Gongga Mountain–Yading–
Xiayong”. The spatial distribution of the 35 ecological nodes in the study area generally
showed a pattern of “gathering in the middle, dispersing around, and less in the north and
more in the south”.

3.2.3. Construction of an Ecological Security Pattern

Based on the results of the minimum cumulative resistance surface, the natural break-
point tool of ArcGIS 10.4 was used for grading and overlaying with the identified ecological
components (ecological corridors and ecological nodes) to obtain a distribution map of the
ecological security pattern in the study area (Figure 8).
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In this study, the study areas’ high-level ecological safety zone was 42,264.47 km2,
accounting for 27.55% of the total area (Table 5), mainly distributed in and around the
nature reserves in Shiqu County, Litang County, Kangding City and the eastern part of
Baiyu County. The moderate-high level ecological safety zone is 37,557.68 km2, accounting
for 24.48% of the total area, and was mainly distributed in the northern part of the study
area. The rest of the area was distributed around the high-level ecological safety zone.
The medium-level ecological safety zone had an area of 41,942 km2, accounting for 27.35%
of the total area, and was mainly distributed in the northwestern Daoge County, Luhuo
County and the western Tibetan transition area. The area of the low-level ecological safety
zone was 31,627.24 km2, accounting for 20.62% of the total area and the least percentage,
showing obvious block distribution, mainly in the western part of Baiyu, Xiangcheng,
Daocheng, Yajiang, Danba, and Jiulong County and other nature reserve intersection areas.



Sustainability 2023, 15, 8707 13 of 20Sustainability 2023, 15, x FOR PEER REVIEW 15 of 22 
 

 
Figure 8. Ecological security pattern of GTAP. 

In this study, the study areas’ high-level ecological safety zone was 42,264.47 km2, 
accounting for 27.55% of the total area (Table 5), mainly distributed in and around the 
nature reserves in Shiqu County, Litang County, Kangding City and the eastern part of 
Baiyu County. The moderate-high level ecological safety zone is 37,557.68 km2, accounting 
for 24.48% of the total area, and was mainly distributed in the northern part of the study 
area. The rest of the area was distributed around the high-level ecological safety zone. The 
medium-level ecological safety zone had an area of 41,942 km2, accounting for 27.35% of 
the total area, and was mainly distributed in the northwestern Daoge County, Luhuo 
County and the western Tibetan transition area. The area of the low-level ecological safety 
zone was 31,627.24 km2, accounting for 20.62% of the total area and the least percentage, 
showing obvious block distribution, mainly in the western part of Baiyu, Xiangcheng, 
Daocheng, Yajiang, Danba, and Jiulong County and other nature reserve intersection ar-
eas. 

Table 5. Areas of different ecological security levels. 

Ecological Security Area (km2) Percentage of the Area (%) 
Low 31,627.24 20.62 

Medium 41,942 27.35 
Moderate-high 37,557.68 24.48 

High 42,264.47 27.55 
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Table 5. Areas of different ecological security levels.

Ecological Security Area (km2) Percentage of the Area (%)

Low 31,627.24 20.62

Medium 41,942 27.35

Moderate-high 37,557.68 24.48

High 42,264.47 27.55

4. Discussion

In this study, technical methods from landscape ecology, geography and planning
were used to bridge the gap between landscape ecological risk evaluation, nature reserves
and ecological security pattern construction, expanding the way to study ecological security
patterns in regional cities. The landscape ecological risk evaluation model was applied to
the evaluation of landscape ecological risk characteristics based on land use data, and this
model has been widely used [40,72]. The spatial distribution characteristics of landscape
ecological risks were more complex in highland areas due to their geographical location and
resource characteristics. Nature reserves, as an important means of conserving biodiversity,
have a huge impact on landscape structure as well as on landscape diversity and species
conservation [75–77]. Therefore, with the help of the evaluation results, it was reasonable
and scientific to select nature reserves as the ecological sources to establish an ecological
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safety pattern. This provides new methods and ideas for the conservation of ecological
security in nature reserves and the development of urban ecological management.

4.1. The Landscape Ecological Risk in the Garze Tibetan Autonomous Prefecture

The results show that the overall landscape ecological risk in the study area was at
a low level, with the landscape pattern more resistant to external disturbances, which
was mainly due to the establishment of a nature reserve [38]. The study area had a large
number of nature reserves with abundant woodland and grassland resources, which were
of special ecological significance for maintaining the natural ecosystem patterns, functions
and processes in the study area [78,79]. Landscape ecological risk is a comprehensive
reflection of human activities and natural conditions, and its changes are often associated
with the continuous expansion, scope and increasing intensity of human activities [80]. The
landscape’s ecological risk index tends to be lower in areas that are unfavorable for engaging
in human production, development and construction [81], such as high mountain areas
with high altitudes and steep slopes, which is consistent with the results of the study that
the landscape’s ecological risk is lower in high-altitude areas in the northwest. These areas,
such as Daoge, Ganzi and Luhuo counties, are typical agro-pastoral ecological zones [82],
and the development of agro-pastoral industries inevitably affects the landscape ecology.
Therefore, it leads to these areas being the main areas of medium ecological risk. Special
human construction activities, such as rural revitalization and tourism development [83,84],
are also influenced by the government’s planning and the geographical location of the
nature reserve, so they are inextricably linked to the spatial distribution of landscape
ecological risks [85]. The surrounding areas of the nature reserve, such as Luding, Yajiang,
Jiulong and Dacheng counties, are located in the southeastern part of the study area, where
tourism is more prominent. Therefore, the frequent and concentrated construction activities
in this area and high degrees of landscape fragmentation have caused increased ecological
conservation pressure in the area, and most of the area was found to be a high ecological
risk area, which is more consistent with the findings of Dong and others [86].

4.2. The Ecological Security Pattern in the Garze Tibetan Autonomous Prefecture

The results show that the ecological security pattern of the study area was relatively
stable, with mainly high and moderate-high ecological safety areas. The low-level eco-
logical safety areas accounted for the least and showed an obvious block shape, mainly
distributed at the intersection of nature reserves. This could be attributed to the fact that
the development of the tourism economy has been accompanied by the construction of
roads and others that are highly disruptive to the landscape, such as rivers, woodlands
and meadows, reducing ecological safety [45]. Additionally, the construction of ecological
safety zones cannot be separated from the selection and determination of nature reserves,
which is consistent with the views of Xu et al. [32] and Yan et al. [87]. In particular, the nine
nature reserves selected for this study have been research hotspots in the field of ecological
research [88,89]. Therefore, according to the actual situation of the study area, this study
integrated natural and human factors and constructed a resistance factor system “nature–
society–landscape” model, with specific indicators including distance from settlements,
distance from roads, landscape ecological risk index, NDVI, slope and elevation to calculate
the ecological resistance value of the study area.

The construction of the ecological security pattern required the integration of safety
elements such as ecological source sites, corridor protection and ecological safety buffer
zones, and full consideration of overall landscape connectivity and species migration and
recovery was made in the study area [90,91]. The results showed that the eight ecological
corridors indicated a “claw-like” spatial distribution. The number of corridors was higher
in areas with a dense distribution of nature reserves, and the ecological connectivity among
nature reserves also improved, which is consistent with the results of Zhang et al. [92]. A
large number of nature reserves have been established in the study area, with the main
categories including forest, wetland and animal nature reserves. These nature reserves
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cover most of the landscape types and animal species in the study area and are therefore
reasonable and scientifically compatible as ecological source sites for the study area [57,92].

4.3. Implications for Regional Sustainable Development

As the scope of human activity continues to expand and increase in intensity, regional
sustainable development is receiving increasing attention [11]. Additionally, the sustain-
able development of this region cannot be separated from the enhancement of ecological
protection and landscape ecological security patterns. The establishment of nature reserves
and the management of land use have special ecological significance in maintaining ESPs,
functions, and the processes of regional landscapes [22,93] (Figure 9). In recent years,
the effective management of land use has greatly enhanced the ecological effect of the
regional landscape, especially in controlling industrial construction, returning farmland
to forests and grazing land to grass [94,95]. Thoroughly investigating the sources of land
contamination and implementing source control and management have further become
important tools for mitigating the adverse effects of human activities on the ecological
environment [66]. In addition, the increasing level of human society’s awareness of natural
ecology has made people gradually realize the importance of protecting representative
natural ecosystems, endangered plants and animals, and habitats to guarantee regional
ecological security and maintain the sustainable development of human society [40]. The
relationship between nature reserves and the construction of ESPs is an important basis for
the subsequent construction of nature reserves and the scientific guarantee of ESPs. With a
wide spatial distribution alongside complex and diverse types of ecosystem composition,
nature reserves can provide significant ecological value impacts and are of great importance
to human life and health and economic development [75,78]. Therefore, it is an essential
part of this sustainable development of the region to reasonably supplement and enrich
the construction of nature reserves, building and forming a more complete ecological
security pattern.
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The landscape ecological risk assessment in this paper emphasizes the risk effects
of spatial patterns, which can provide scientific reference and technical support for the
construction of ecological safety patterns and ecological risk management in nature reserves.
Due to the limitations of methods and data, this paper only emphasizes the static landscape
mosaic pattern, while the analysis of landscape functions and the dynamic evolution
of the pattern are insufficient. Future research needs to introduce and adopt a process-
based pattern analysis method to correlate risk assessment results with specific ecological
elements so that the direction of risk management can be more clearly defined. In addition,
the selection of nature reserves and the classification of ecological risk levels are subjective
or based on the findings of others and need to be further improved in future work.

5. Conclusions

In this study, the focus was on the ecological safety of cities with more nature reserves.
By building a bridge between landscape ecological risk assessment and nature reserves, a
“nature-society-landscape” resistance coefficient system was constructed. An ecological
resistance surface was also constructed using a minimum resistance model to establish
an ecological safety pattern of 35 ecological nodes, 8 ecological corridors and 4 ecological
safety zones. This study proposes a framework for landscape ecological research that is
related to nature reserves and can be applied to the management and optimization of urban
ecological security. In future studies, it is necessary to include factors such as economic
development to explore the relationship between social development and the ecological
security patterns of nature reserves and cities and enhance integrated management.
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