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As a key ecological function area and a priority area for biodiversity conservation 
in China, Qilian Mountain National Park is facing a severe test of its ecological 
environment, and the study of its landscape ecological risk is of great significance 
to the construction and high-quality development of the Qilian Mountain National 
Park. In this research, based on land use data from six periods (i.e., year in 1995, 2000, 
2005, 2010, 2015, and 2020) in the Qilian Mountain National Park, we divided the 
ecological risk plots, calculated the landscape pattern, and constructed the landscape 
ecological risk index to deeply explore the temporal and spatial heterogeneity 
of landscape ecological risk in Qilian Mountain National Park by using ArcGIS, 
Fragstats and GeoDa. The results showed that: Grassland is the predominant land 
use type, the area covered by woodland and grassland have exhibited a significant 
increase since 1995. Landscape fragmentation and disturbance indices exhibit 
fluctuations across different years, but showed an overall decreasing trend, and 
landscape stability was improved in the study area. There were obvious differences 
in the disturbance indices of different landscape types, with grassland and bare land 
having the highest values. Ecological risk in the study area is heterogeneous, with 
an overall low ecological risk and a shift to a lower risk level, and a decreasing trend 
in ecological risk, which is positively correlated spatially and mainly manifested as 
a “low-low” aggregation. Global warming and unreasonable human activities have 
exacerbated the ecological degradation of Qilian Mountain National Park, but a 
series of ecological restoration strategies after the establishment of the national 
park have gradually improved the regional ecological environment.
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1 Introduction

Ecological risk refers to the potential negative impacts on ecosystem structure， function 
and stability resulting from external natural and anthropogenic activities, either in the present 
or future (Depietri, 2019; Zhang et al., 2020, 2023). Over the past few decades, ecosystem 
structure and function have experienced strong changes in response to global environmental 
change and intensified human activities, and ecological risks to various ecosystems have 
continued to increase (Wang et al., 2020; Xie et al., 2020). Landscape ecological risk, as an 
important part of ecological risk, is based on landscape ecology to construct the link between 
landscape patterns and ecological processes. Different from the traditional ecological 
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assessment, landscape ecological risk assessment focuses more on the 
spatial and temporal heterogeneity of risk and scale effects (Han et al., 
2022; Zhang et  al., 2023). And it also provides a comprehensive 
characterization, dynamic patterns and spatial visualization of 
multisource risks (Suter et al., 2003; Peng et al., 2015; Wang et al., 2020).

In terms of previous research on landscape ecological risk 
assessment, there are both regions affected by climate change and 
human activities, such as administrative regions, coastal cities, and 
mining areas, as well as more environmentally fragile areas such as 
highlands, wetlands, and nature reserves (Mikhailov et  al., 2015; 
Ersayin and Tagil, 2017; Lin et al., 2019; Zhang et al., 2020). Currently, 
landscape pattern index and source-sink risk are the methods for 
landscape ecological risk assessment, among which the method based 
on land-use and landscape indices is the most widely used (Ayre and 
Landis, 2012; Peng et al., 2015; Li et al., 2017; Wang et al., 2020). For 
example, Zhang et  al. (2020) analyzed the temporal and spatial 
characteristics of landscape ecological risk during the urbanization 
process and discussed the regularities of landscape ecological risk 
changes in 48 coastal cities in China using ecological risk assessment 
based on land use data (Zhang et  al., 2020). Wang et  al. (2020) 
quantitatively assessed the landscape ecological risk of the Koshi River 
Basin using landscape type data and the landscape ecological risk 
model, and analyzed the temporal–spatial evolution characteristics of 
landscape ecological risk for the study period and for over different 
elevation and slope intervals, then explored the spatial clustering 
characteristics of landscape ecological risk using spatial 
autocorrelation analysis (Wang et al., 2020). Qi (2019) developed an 
evaluation index system to quantitatively assess the ecological risk by 
employing landscape pattern indices and investigated the evolutionary 
characteristics and patterns of ecological risk in various periods. 
However, this research failed to examine the variations of ecological 
risks among different landscape patterns and regions (Qi, 2019).

The Qilian Mountain National Park, as one of the 10 pilot national 
parks in China, is an important water source and biodiversity 
conservation priority area in Northwest China, and an important 
ecological barrier in the Silk Road Economic Belt. This region plays an 
important role in maintaining the ecological balance, guaranteeing 
runoff replenishment, and sustaining the sustainable development of 
the region (Shan et al., 2023). However, the ecological environment in 
some areas of the Qilian Mountain has deteriorated and ecological risks 
have increased under the influence of a variety of factors such as global 
climate change, overloaded grazing, man-made destruction, insufficient 
means of protection, etc. (Liu et al., 2023; Ma et al., 2023). The solution 
of the eco-environmental problems of Qilian Mountain is of great 
significance to the sustainable socio-economic development of the Hexi 
Corridor in the Northwest China, and to the regional or national 
ecological security (Li et  al., 2021). Therefore, many scholars have 
carried out in-depth research on the ecological and environmental 
problems of Qilian Mountain National Park. Liu et al. (2023) found that 
the risk of desertification in Qilian Mountain National Park experienced 
three distinct phases from 2000 to 2020, characterized by a decline, an 
increase, and another decline. The primary cause of the increased risk 
of desertification in the region is the pressure-driven effect brought 
about by climate change and natural disasters (Liu et al., 2023). Ma et al. 
(2023) found that the NDVI of Qilian Mountain National Park showed 
an increasing trend over time from 2000 to 2020. However, gradual 
development in the study area was highlighted by anthropogenic 
disturbances and local development of related economies at the cost of 
ecological damage from 2010 to 2020 (Ma et al., 2023). Shan et al. 

(2023) found that the ecological carrying capacity of Qilian Mountain 
National Park decreased from 2000 to 2014 due to the destruction of 
ecological environment (Shan et al., 2023). Despite many studies have 
been reported on the ecological environment of the Qilian Mountain, 
there has been limited research on the spatial and temporal evolution 
of landscape ecological risk features.

In light of the current national development policy emphasizing 
the importance of “Lucid waters and lush mountains are invaluable 
assets,” there is significant theoretical significance in assessing the 
spatial and temporal heterogeneity as well as the evolutionary trends 
of ecological risks within the Qilian Mountain National Park. 
Therefore, this research aims to analyze the landscape ecological risk 
within the Qilian Mountain National Park by constructing an 
Ecological Risk Index (ERI) based on the landscape pattern indices 
(landscape fragmentation and disturbance indices) from 1995 to 2020 
and reveal the temporal and spatial patterns of landscape ecological 
risk within the Qilian Mountain National Park. This study will provide 
scientific reference for the ecological protection and restoration of 
Qilian Mountain National Park.

2 Materials and methods

2.1 Study area

The Qilian Mountain National Park is located at the borders of 
Gansu and Qinghai provinces in China, on the northeastern edge of 
the Tibetan Plateau (93.51–103.90°E, 35.83–39.98°N), presenting one 
of the initial pilot regions established within the national park system 
of the country. With an average elevation surpassing 4,000 m, the area 
exemplifies the distinctive geological structure of the Kalidong graben 
within the Kunlun-Qinling geosyncline, belonging to the typical semi-
arid alpine continental climate (Liu et  al., 2023). The multi-year 
average annual precipitation in the study area ranges from 96.15 to 
728.46 mm, with a spatial distribution trend gradually decreasing 
from east to west. The annual average temperature changes 
significantly with altitude, ranging from −14.97°C to 6.48°C, with the 
low-altitude areas being much warmer than the high-altitude areas. 
Additionally, the total solar radiation in the study area exceeds 
5,000 MJ/m2. Due to strong vertical zonation and topographic relief, 
this region showcases a rich variety of ecosystems, including forests, 
grasslands, glaciers, and other natural landscapes (Figure 1).

2.2 Data sources

The land use data utilized in this research is derived from the 
annual China Land Cover Dataset (CLCD), which presents the first 
Landsat-based dataset developed by scholars at Wuhan University 
using Google Earth Engine (GEE) platform (Yang and Huang, 2021). 
The dataset possesses aspatial resolution 30 m. One advantage of this 
dataset is its continuous land use classification results spanning 
30 years, updated until 2020, providing a high temporal resolution. In 
this research, the land use data at a spatial resolution of 30 m for six 
periods (i.e., 1995, 2000, 2005, 2010, 2015, and 2020) were selected. 
The land use types within the study area were extracted based on the 
boundary mask of the Qilian Mountain National Park. The land use 
types include arable land, forest, shrubland, grassland, water bodies, 
glaciers and permanent snow cover, bare ground, impervious surfaces, 
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and wet-lands. Based on actual conditions of the Qilian Mountain 
National Park and the classification methods employed, the land use 
types within the study area were reclassified into six landscape 
elements: woodland, grassland, bare ground, arable land, water bodies, 
glaciers and permanent snow cover (Figure 1).

2.3 Methods

2.3.1 Segmentation of ecological risk regions
To investigate the regional heterogeneity of landscape ecological 

risk within the Qilian Mountain National Park, the study area needs 
to be  divided into several ecological risk plots, each plots were 
calculated by landscape pattern index and ecological risk index. The 
size of ecological risk plots is usually determined according to the 
actual situation of the study area or by using the standard of 2–5 times 
of the average patch area of the landscape (Bartolo et al., 2012; Cui 
et al., 2018; Zhang et al., 2018). In this study, we divided the study area 
into 1,106 ecological risk plots, each of which is 10 km × 10 km, as 
shown in Figure 2.

2.3.2 Landscape pattern indices
Landscape pattern indices serve as quantitative measures that 

integrate information on landscape structure and spatial 
characteristics, providing valuable insights into the features of 
landscape patterns (Gong et al., 2015; Fan et al., 2016; Corsi et al., 
2020). These indices play a crucial role in understanding the stability, 
fragmentation, and heterogeneity of landscapes. At the patch level, 
metrics such as patch density and patch number are adopted to assess 
the landscape heterogeneity, providing an indication of the variety of 

patches within the landscape. The landscape segmentation index 
measures the degree of patch separation, indicating the level of 
isolation among patches. Fragmentation, which encompasses the 
spatial complexity and fragmentation of the landscape structure, is 
often characterized by combining patch number and segmentation 
index (Xie et  al., 2013). The landscape fractal dimension index is 
applied to quantify the patch complexity of patch shape based on their 
perimeter and area dimensions, offering insights into the naturalness 
or irregularity of patch shapes within the landscape. The landscape 
disturbance is a fundamental concept in landscape ecology and 
captures the various risks posed by diverse sources of disturbance to 
ecological landscapes. In this research, the landscape disturbance 
index was calculated by incorporating the landscape fragmentation 
index, landscape segmentation index, and landscape fractal dimension 
index (Table 1).

2.3.3 Construction of landscape ERI
The landscape ERI was formulated to assess the ecological risk 

based on by leveraging the landscape pattern indices, which capture 
the variations in landscape structure within the selected study area. 
The landscape ERI is calculated using the following equation:

 
ERI A

A
R

i

n
i
i=

=
∑

1  
(1)

where, ERI is the ecological risk index for the sampling area, i is 
landscape type, Ai is the area of landscape type i in the n sample area, 
A is the total area of sample n, Ri is the landscape disturbance index 
of type i.

FIGURE 1

Location map of the study area.
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2.3.4 Spatial autocorrelation analysis
Spatial autocorrelation analysis is undertaken to examine the 

significant relationships between attribute values of a specific 
feature and those of neighboring features in space to the objective 
of such analysis is to uncover the spatial correlation patterns of 
attribute characteristics between spatial reference units and their 
adjacent units. It encompasses two key indicators: global spatial 
autocorrelation index and local spatial autocorrelation index (Bosso 
et al., 2017; Wang et al., 2020; Zhang et al., 2020). The former is 
commonly quantified using the Moran’s I, which enables the 
assessment of the spatial correlation of ecological risk across the 
entire study area. The value of Moran’s I is between −1 and 1, with 
a positive value indicating a positive spatial correlation. As the 
value of Moran’s I increases, the spatial correlation becomes more 
significant, providing valuable insights into the overall spatial 

pattern of ecological risk (Zhang et al., 2020). The latter, on the 
other hand, is visualized through the Local Indicators of Spatial 
Association (LISA) maps, thus depicting whether attribute values 
exhibit distinct patterns of high-high clustering and low-low 
clustering within the local areas.

3 Results

3.1 Changes in land use

Through the analysis of land use types and areas for the six study 
periods, several observations can be made. Firstly, woodland is primarily 
concentrated in the central and eastern parts of the study area, bare land 
is predominantly located in the western region. The glaciers and 
permanent snow cover is mainly distributed in the high mountain areas 
of the western and southeastern regions. Water bodies occupy a relatively 
small area and are predominantly situated beneath mountains covered 
with ice and snow. Cultivated land is scattered and occupies a smaller 
area, primarily distributed in the marginal areas in the eastern and 
northern regions (Figure 3). Upon examining the land use transition 
matrix spanning from 1995 to 2020 (Table 2), notable observations could 
be made regarding the substantial increase in areas of grassland and 
woodland over the years, grassland has been converted mainly from bare 
ground, and woodland has been converted mainly from grassland. There 
has been a significant reduction in the area of bare ground, which has 
been converted mainly to grassland. Glacier and permanent snow cover 
has also decreased, mainly converting to bare ground. The areas of land 
use types transferred out in descending order was as follows: bare land, 
grassland, glaciers and permanent snow cover, forests, water bodies, and 
cultivated land. Conversely, that of land use transferred in was as follows: 
grassland, bare land, forests, glaciers and permanent snow cover, water 
bodies, and cultivated land. In this transformation process, there is a 
significant exchange of land use between bare ground and grassland, 
with a clear mutual conversion trend. The area of bare ground resulting 
from the conversion of ice and snow landscapes and grasslands in 2020 
accounted for the highest proportion.

FIGURE 2

Segmentation of ecological risk regions.

TABLE 1 Landscape pattern indices and their definitions.

Index name Calculation 
equation

Parameter 
description

Landscape 

fragmentation index C N Ai i i= /

Ni: the number of patches 

of landscape type i; Ai: the 

area of the landscape type i.

Landscape 

segmentation index S E Pi i i= /

Ei: the distance index of 

the landscape type i; Pi: the 

area index of the landscape 

type i.

Landscape fractal 

dimension index D M Ai i i= ( ) ( )2 4ln / ln

Mi : the perimeter of 

landscape type i.

Landscape disturbance 

index R aC bS cDi i i i= + +

a, b, and c: the weight 

factors of Ci, Si, and Di, 

which were designated as 

0.5, 0.3, and 0.2, 

respectively
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3.2 Analysis of landscape pattern index 
changes

The landscape pattern index for different land cover types in the 
Qilian Mountain National Park in 1995, 2000, 2005, 2010, 2015, and 
2020 were calculated using Fragstats 4.2 software. Table 3 reveals 
noteworthy patters regarding the patch number and fragmentation 
of different land types. Arable land initially experienced a decrease 

in patch number and fragmentation, followed by an increase, 
although the subsequent increase in fragmentation was not 
significant, indicating an overall reduction in fragmentation. 
Conversely, forests, grasslands, water bodies, glaciers and 
permanent snow cover, and bare land exhibited fluctuations in 
patch number and fragmentation with periods of decrease, increase, 
and subsequent decrease. However, the overall trend indicates a 
decrease in the level of fragmentation.

FIGURE 3

Land use types of Qilian Mountain National Park from 1995 to 2020.

TABLE 2 Land use type transfer matrix in the study area during 1995–2020 (unit: km2).

Year Area of each land use type in 2020

Arable 
land

Woodland Grassland
Water 
bodies

Glaciers and 
permanent 
snow cover

Bare 
ground

Total

Area of 

each land 

use type in 

1995

Arable land 51.63 2.92 27.92 0.21 0.00 0.09 82.77

Woodland 0.55 2216.16 122.31 0.00 0.00 0.00 2339.03

Grassland 46.62 414.83 26875.11 22.11 19.29 1867.12 29245.08

Water bodies 0.00 0.10 5.97 43.23 7.39 34.26 90.95

Glaciers and 

permanent 

snow cover

0.00 0.00 4.07 22.68 1484.31 284.66 1795.73

Bare ground 1.59 0.20 3665.34 19.19 262.48 13038.85 16987.66

Total 100.39 2634.21 30700.74 107.42 1773.47 15224.98 50541.21
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It is evident that the disturbance index displays an overall 
decreasing trend. Significant differences in disturbance levels are 
observed among different landscape types within the study area, with 
grassland and bare land exhibiting the highest disturbance indices. 
When comparing the disturbance indices with those of the previous 
year, slight increases in disturbance are noticeable for cultivated land 
and grassland in 2015, for forests and glaciers and permanent snow 
cover in 2005 and 2010, for water bodies in 2005, and for bare land in 

2010. These findings suggest a slight increase in external disturbances 
to various ecological landscapes during those specific years. Landscape 
fractal dimension index fluctuated across different years, but the 
overall trend showed a decrease, indicating a reduction in the 
complexity of patch shapes.

In summary, from 1995 to 2020, the patch number, fragmentation, 
and disturbance indices for different landscape patterns in the study 
area exhibited an overall decreasing trend. This indicates a reduction 

TABLE 3 Calculation results of landscape pattern indices for different land use types.

Landscape 
type

Year Number of 
patches

Degree of 
fragmentation

Degree of 
segmentation

Degree of 
fractal 

dimension

Degree of 
disturbance

Arable land

1995 7,355 0.0886 1.0000 1.3729 0.6189

2000 5,961 0.0718 1.0000 1.3646 0.6088

2005 5,195 0.0626 1.0000 1.3604 0.6034

2010 4,982 0.0600 1.0000 1.3654 0.6031

2015 5,382 0.0649 1.0000 1.3684 0.6061

2020 5,707 0.0688 1.0000 1.3505 0.6045

Woodland

1995 44,419 0.5353 1.0000 1.3785 0.8434

2000 40,723 0.4907 1.0000 1.3646 0.8183

2005 41,800 0.5037 1.0000 1.3618 0.8242

2010 42,103 0.5074 1.0000 1.3567 0.8250

2015 40,876 0.4925 1.0000 1.3596 0.8182

2020 39,372 0.4739 1.0000 1.3498 0.8069

Grassland

1995 187,766 2.2627 0.9176 1.4435 1.6953

2000 158,492 1.9099 0.9165 1.4313 1.5162

2005 140,560 1.6938 0.9105 1.4205 1.4042

2010 115,126 1.3874 0.9004 1.4227 1.2484

2015 120,373 1.4506 0.8995 1.4194 1.2790

2020 100,037 1.2055 0.9078 1.3624 1.1476

Water bodies

1995 20,355 0.2453 1.0000 1.4354 0.7097

2000 15,807 0.1905 1.0000 1.4138 0.6780

2005 19,963 0.2406 1.0000 1.4150 0.7033

2010 19,676 0.2371 1.0000 1.4132 0.7012

2015 13,919 0.1677 1.0000 1.4141 0.6667

2020 11,175 0.1347 1.0000 1.3800 0.6434

Glaciers and 

permanent snow 

cover

1995 22,416 0.2701 1.0000 1.3776 0.7106

2000 20,505 0.2471 1.0000 1.3426 0.6921

2005 27,763 0.3346 1.0000 1.3987 0.7470

2010 34,257 0.4128 1.0000 1.4040 0.7872

2015 28,235 0.3403 0.9999 1.4005 0.7502

2020 12,438 0.1499 0.9999 1.3136 0.6376

Bare ground

1995 152,031 1.8321 0.9486 1.4432 1.4893

2000 133,568 1.6096 0.9575 1.4420 1.3805

2005 129,000 1.5545 0.9631 1.4414 1.3545

2010 149,512 1.8018 0.9786 1.4423 1.4829

2015 130,328 1.5705 0.9777 1.4347 1.3655

2020 96,555 1.1636 0.9802 1.3739 1.1506
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in landscape fragmentation and complexity of patch shapes, resulting 
in increased resistance to disturbances and enhanced 
landscape stability.

3.3 Analysis of changes in landscape 
ecological risk

The study area was classified into low risk (ERI < 0.01), relatively 
low risk (ERI = 0.01–0.02), moderate risk (ERI = 0.02–0.04), relatively 
high risk (ERI = 0.04–0.08), and high risk (ERI > 0.08), using the 
natural break method and the landscape ERI (calculated from 
Equation 1). This classification allowed for the generation of an 
ecological risk level map and facilitated the assessment of changes in 
the area for each risk level.

With Figure 4 and Table 4, it becomes apparent that the study area 
is predominantly characterized by low risk, which are extensively 
distributed and exhibit a substantial annual increase in area. Notably, 
an expansion of low risk can be observed in the central and western 
regions of the study area in 2000 and 2010. Furthermore, from 2015 
to 2020, a significant transfer from relatively low risk to low risk 
occurred on a large scale in the western region.

Relatively low risk zones also have a broad distribution, primarily 
concentrated in the western region. However, a gradual decrease was 
observed in the area of relatively low risk zones over the years, as 
revealed in Table 4. The transfer from relatively low risk to low risk 

zones has occurred gradually, with the most significant transfer 
taking place between 1995 and 2000 and between 2015 and 2020. The 
southern glaciers and permanent snow cover regions, bare land 
areas, and the northern border areas characterized by bare land, 
arable land, and forests are predominantly occupied by moderate risk 
zones. An increase in the area of moderate risk zones was observed 
in 2000, with notable growth in the southwestern region (Figure 4). 
The southeastern region experienced a transfer from moderate to 
relatively high risk. From 2005 to 2010, the area of moderate risk 
decreased in the southwestern region but increased in the northern 
region, transferring to relatively high risk. Areas characterized by 
high and relatively high ecological risks occupy a smaller area and 
are primarily located in the southwestern edge regions with glaciers 
and permanent snow cover and the forested regions in the eastern 
regions. The relatively high risk area experienced a great increase in 
area in 2010 (Figure 4). Nevertheless, the expansion of relatively high 
risk zones was effectively controlled in 2015 and 2020, resulting in a 
reduction in area. The area of high-risk zones fluctuated in different 
years but remained relatively stable overall.

Combining the aforementioned analysis with Table  5, it can 
be  observed that from 1995 to 2020, the area of low-risk zones 
significantly increased, while the areas of other risk levels decreased. 
This overall trend indicates a transfer toward lower risk levels, with the 
most notable transition observed from relatively low-risk to low-risk 
zones. In conclusion, the ecological risk within the study area 
exhibited a consistent and significant decrease over time.

FIGURE 4

Ecological risk level of Qilian Mountain National Park from 1995 to 2020.
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3.4 Spatial autocorrelation analysis

3.4.1 Global spatial autocorrelation analysis
The values of Moran’s I values were calculated using the GeoDa 

software to analyze the spatial distribution of landscape ecological risk 
from 1995 to 2020, as depicted in Figure 5. The Moran’s I provides 
insights into the average spatial clustering of similar ecological risk 
attributes within the study area. The figure reveals that the values of 
Moran’s I  for all six periods were positive but relatively small, 
indicating the presence of spatial positive correlation, although not 
statistically significant. This suggests that areas with similar ecological 
risk levels tend to exhibit spatial clustering. Overall, the values of 
Moran’s I displayed a decreasing trend from 1995 to 2020, with a slight 
increase in 2015 but with minimal variation. This indicates a decrease 
in the spatial clustering of ecological risk within the study area. 
Notable, the most substantial decrease in the values of Moran’s I was 
found between 2015 and 2020.

3.4.2 Local spatial autocorrelation analysis
Local spatial autocorrelation analysis was performed using GeoDa 

software to generate LISA maps with a significance level of 0.05 for 
each period, as depicted in Figure 6. These LISA maps illustrate the 
spatial clustering patterns of ecological risk within the study area. 
Meanwhile, the Figure 6 reveals that the “high-high” clusters primarily 
appeared in the peripheral areas and regions characterized by elevated 
ecological risk. The number of clustering areas generally decreased 
over time, with exceptions observed in 2000 and 2015. Moreover, in 
2020, the “high-high” clusters disappeared from the upper portion of 
the study area. Throughout the period spanning from 1995 to 2020, 
the study area mainly featured “low-low” clusters, indicating that areas 
with low ecological risk were surrounded by neighboring areas 
exhibiting similarly low ecological risk levels. Furthermore, in 2000, 

there was a notable increase in “low-low” clusters in the western and 
central regions. However, in 2005 and 2010, the number of “low-low” 
clusters decreased in the western region but increased in the central 
region. Nevertheless, the overall number of “low-low” clusters 
exhibited a decreasing trend but increased slightingly in 2015 and 
2020, which was mainly concentrated in the central region. 
Considering the land use types and corresponding risk levels, it 
becomes apparent that the “low-low” cluster structure was primarily 
observed in grassland areas characterized by low ecological risk. Such 
observation indicates a higher level of internal landscape stability 
within these regions. Conversely, the “high-high” cluster structure was 
predominantly found in forested areas, water bodies, and glaciers and 
permanent snow cover, which were associated with medium to high 
ecological risk. This suggests lower internal landscape stability within 
these areas.

4 Discussion

The growing attention to the ecological environment by the 
government has led to increased research interest in landscape 
ecological risk within the academic community. Investigating 
landscape ecological risk allows for the evaluation and analysis of 
ecological risk heterogeneity from both temporal and spatial 
perspectives, providing valuable data for ecological conservation 
endeavors. The variations of Land use type reflect the regional 
environmental changes and directly affect ecosystem health 
(Cantarello et al., 2011). The study area is dominated by grassland 
and bare land, which are also the two land use types that have 
changed most significantly in the last 20 years. The expansion of 
grassland and woodland could be attributed to various ecological 
projects implemented by the government, such as the “Natural 

TABLE 4 Area of the region with different ecological risk levels in the study area (unit: km2).

Risk level 1995 2000 2005 2010 2015 2020

Low risk 25296.21 31150.77 33544.99 35116.630 35354.71 40949.67

Relatively low risk 22908.00 16821.80 14464.70 12880.20 12728.10 7799.92

Moderate risk 1534.40 1844.40 1696.24 1540.52 1574.24 1003.56

Relatively high risk 619.72 558.68 659.52 802.84 715.70 619.20

High risk 182.92 165.64 175.84 201.04 172.67 168.96

TABLE 5 Ecological risk transfer matrix in the study area from 1995 to 2020 (unit: km2).

2020

Low risk
Relatively low 

risk
Moderate risk

Relatively high 
risk

High risk Total

1995

Low risk 24165.55 1130.56 0.00 0.00 0.00 25296.11

Relatively low 

risk
16771.50 6123.52 13.00 0.00 0.00 22908.02

Moderate risk 12.52 545.84 910.80 65.24 0.00 1534.40

Relatively high 

risk
0.00 0.00 79.76 539.72 0.24 619.72

High risk 0.00 0.00 0.00 14.24 168.68 182.92

Total 40949.57 7799.92 1003.56 619.20 168.96 50541.21
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Forest Protection Project,” the “Return of Cultivated Land to 
Forests,” and the “Three North Protection Forest Project” (Mu et al., 
2022; Liu et  al., 2023; Xue et  al., 2023). In addition, a series of 
ecological restoration policies after the establishment of the 
National Park Reserve in 2017, including land restoration in mining 
areas and the conversion of cultivated land back to forests and 
grasslands, have resulted in a significant transfer from bare land to 
grassland. Global warming has caused the melting of glaciers and 
permanent snow at altitudes above 4,000 m, and has also directly 
transformed glacial snow-covered areas into bare ground (Xiao 
et al., 2021; Liu et al., 2023). Meanwhile, 1867.12 km2 of grassland 
has been transformed into bare ground due to human unreasonable 

development and utilization, over-grazing and other factors (Peng 
et al., 2022).

Landscape fragmentation index, landscape fractal dimension 
index and landscape disturbance index in the study area showed a 
decreasing trend, increased disturbance resistance, significant 
improvement in landscape stability, gradual decrease in ecological 
risk, and high spatial similarity. From 1995 to 2015, the landscape 
pattern and ecological risk of the Qilian Mountain fluctuated mainly 
due to the climate warming, frequent occurrence of extreme weather 
events, and severe impacts of human activities such as mining and 
indiscriminate logging. Since the establishment of the Qilian 
Mountain National Park, significant grassland degradation due to the 

FIGURE 5

(A–F) Scatterplots of the Moran’s I of the Ecological Risk Index(ERI) in Qilian Mountain National Park from 1995 to 2020.
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proliferation of wild animals in the region，and the population 
explosion of herbivorous animals, such as wild deer and rock sheep 
(Liu et  al., 2023). However, a series of ecological protection and 
restoration measures have had a positive impact on mitigating and 
controlling ecological damage. As a result, the ecological risk level of 
the study area has been significantly reduced and the ecological 
environment has gradually gotten better during the period of 2015–
2020. Yu et al. (2022) found that the landscape fragmentation index of 
woodland in Qilian Mountain increased significantly, and ecological 
risk increased due to indiscriminate logging, unorganized mining, etc. 
(Yu et al., 2022). The reason for the difference with the results of this 
study may be the inconsistency between the land use type classification 
standard and the ecological risk level classification standard. 
Meanwhile, the study period of Yu et al. (2022) is 2000–2018, Qilian 
Mountain National Park has just been established, and the effect 
produced by ecological measures has not yet appeared.

Although the ecological risk in the study area is dominated by low 
ecological risk zones, the area of the moderate risk zones has been 
significantly reduced in 2020. Some areas in the southern and 
northern regions have already transitioned to relatively low risk. The 
ecology of the study area is moving in a good direction, but which is 
still fragile, as found by Liu et al. (2023), the study area experienced 
the highest risk of desertification during the period of 2015–2020 (Liu 
et al., 2023), due to the rapid conversion of the snow/ice area to barren 
due to increased temperatures, and the risk of soil erosion in grassland 
areas with high topographic relief was exacerbated due to the 

increased erosive power of rainfall in the context of warming and 
humidification (Du et al., 2022; Zhang et al., 2022). In the future, 
Qilian Mountain National Park should be in line with the principle of 
appropriate to herd animals and forests, respect the self-repair of 
nature and so on, to strengthen ecological education, rodent and pest 
management, and rotational grazing. Comprehensive planning and 
integrated management of the Qilian Mountain National Park, and do 
our best to harmonize development with the natural environment.

5 Conclusion

Based on the analysis of land use data and the calculation of ERI 
using landscape pattern indices, the ecological risk in the Qilian 
Mountain National Park from 1995 to 2020 was analyzed and 
visualized. The main findings are as follows:

 (1) From 1995 to 2020, the study area was primarily characterized 
by grassland and bare land as the dominant land use types. 
Ecological engineering and a series of ecological restoration 
policies after the establishment of the National Park Reserve 
have resulted in a massive shift from bare land to grassland. 
However, as a result of global warming, glaciers and permanent 
snowpack continue to melt into bare land.

 (2) The landscape fragmentation and disturbance indices exhibited 
different patterns in different years, but the overall trend was 

FIGURE 6

LISA maps of Qilian Mountain National Park from 1995 to 2020.
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decreasing from 1995 to 2020. This indicates an improvement 
in landscape stability in the study area. Among the different 
landscape types, grassland and bare land exhibited the highest 
disturbance indices.

 (3) The landscape ecological risk of Qilian Mountain National Park 
shows a decreasing trend, and the study area is primarily 
characterized by low ecological risk, while the high-risk areas 
are relatively small in proportion and mainly distributed in the 
eastern edge regions. Although the areas of moderate risk, 
relatively high risk, and high risk fluctuated from 1995 to 2000, 
effective ecological restoration and protection measures have 
led to a reduction in their areas and a continued expansion in 
the area occupied by low ecological risk zones by 2020. 
Meanwhile, there is a positive spatial correlation of ecological 
risk in the study area, and the landscape ecological risk mainly 
shows a “low-low” clustering structure.
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