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Abstract: The Chengdu-Chongqing Economic Circle (CCEC) is becoming the fourth growth pole
in China after the Yangtze River Delta Economic Circle (YRDEC); Guangdong, Hong Kong, and
Macao Economic Circle (GBAEC); Beijing, Tianjin, and Hebei Economic Circle (BTHEC). The
land use and landscape ecological management of the CCEC is critical to its social and economic
development. Using ArcGIS modeling and Fragstats processing methods, we divided the CCEC
into 5 km x 5 km ecological risk areas and constructed a landscape ecological risk index evaluation
model to calculate the spatial and temporal dynamic changes in the urban expansion and landscape
ecological risk over the last 20 years. The results show that the land use was mainly cultivated land,
which exhibited a decreasing trend and was mainly converted to construction land and forest land.
The change in the construction land exhibited a continuous expansion trend with the dual core in
Chengdu-Chongqing. The average risk of 10,155 risk communities was about 0.16. The expansion
of human activities increased the landscape ecological risk of the construction land, and the risk
of the edge of the cultivated land was higher than the internal risk value. The ecological risk
index values of 16 cities in the study area ranged from 0.02 to 0.28. The resistance of the landscape
pattern to external disturbance was stronger than that in other regions of China. The landscape
ecological risk is controllable overall. However, the higher level of economic development in
Chengdu, Chonggqing, and other mature cities poses a greater landscape ecological risk. The results
of this research provide an important reference for promoting the optimization and construction
of the land space in the CCEC, building ecological shelters, and preventing ecological risk in the
upper reaches of the Yangtze River.

Keywords: landscape pattern; ecological risk assessment; Chengdu-Chongqing Economic Circle;
urbanization; southwestern China

1. Introduction

With the rapid growth of China’s economy, China has comprehensively entered the
middle and late stages of urbanization [1]. On 3 January 2020, Chinese President Xi
Jinping presided over the sixth meeting of the Financial and Economic Commission of
the Communist Party of China (CPC) Central Committee, which made strategic plans
to promote the construction of the Chengdu-Chongqing Economic Circle (CCEC). On
16 October 2020, Chinese President Xi Jinping presided over a meeting of the Political
Bureau of the CPC Central Committee to review the Outline of the Construction Plan
for the CCEC. The Chengdu-Chonggqing region is becoming the fourth pole of growth
after the Yangtze River Delta (YRD); Guangdong, Hong Kong, and Macao (GBA) region;
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Beijing, Tianjin, and Hebei (BTH) region [2,3]. The CCEC spans Chongqing and Sichuan
provinces (cities). From 2000 to 2019, the urbanization rate of Chongqing increased from
35.6% to 66.8%, and that of Chengdu increased from 53.48% to 74.41%. In the process of
this urbanization development with Chongqing and Chengdu as the core, development
intensity has been relatively high. Developed agriculture, intense human activities, and
natural disasters such as earthquakes and landslides pose great risks to the ecology and
environment in the study area. Quantitative analysis of the land use changes and the
ecological risk distribution and transfer during the urbanization process in the CCEC in
the past 20 years is of great significance for promoting the construction of the CCEC in
the Chengdu-Chongging area and to building an important ecological shelter in the upper
reaches of the Yangtze River.

As an important means of ecological and environmental management [4,5], ecological
risk assessment evaluates the possibility of adverse ecological consequences in a study area
after it is affected by natural or human activities [6,7]. There are two main approaches in
ecological risk assessment [8,9]. One is based on the risk source-risk receptors—exposure
and hazard assessment model, including unidirectional ecological environmental risk
studies with different environmental receptors, such as the atmosphere [10], water [11],
and soil [12]. Using this method, risk assessment has been carried out by taking land-
slides [13], debris flows [14], railways [15], coal mine rust water [16], and other sudden
environmental events or specific objects as the risk sources, and risk assessment models
have been constructed for ecological risk assessment in the five provinces around the
Bohai Sea [17], southwestern China [18], and other research areas. The other method is
to use remote sensing and geographic information system (GIS) technology to directly
evaluate the landscape ecological risk from the perspective of the landscape ecology. Then,
a multi-scale landscape ecological risk assessment model for the county, city, or province
can be constructed based on the land use changes and landscape pattern index [19-21].
The former approach focuses on the identification of risk sources and risk receptors. In the
evaluation process, the determination of the risk sources and each index is subjective and
has a great influence on the accuracy of the evaluation results. The latter risk approach is
widely applicable as it takes account of scale effects, temporal changes, and regional spatial
heterogeneity. The approach also facilitates spatial visualization of results for decision
making, regional risk prevention, optimization, and management of regional landscape
patterns [8].

At present, the spatial scale of the landscape ecological risk assessment is mainly
concentrated in small-scale areas such as counties [22,23] and watersheds [24], while
relatively few studies have been conducted in large-scale areas such as provinces. Moreover,
most previous studies have taken administrative divisions as the basic evaluation unit,
artificially splitting the integrity and consistency of ecosystems and leading to large errors
in the assessment results. Due to these limitations of the traditional method, grids were
used as the basic unit for evaluating landscape changes, spatiotemporal variations, and the
impact of urban expansion over the past 20 years on landscape ecological risk. In some
studies, grid selection is limited by a large amount of calculations, and the number of
grids has mostly ranged from hundreds to thousands [25-28]. In the calculation process,
we used the ArcGIS model builder and Fragstats batch processing tools to build a cross-
platform, process-based, mass calculation method of the landscape ecological risk index.
The computation capacity of this method exceeds 10,000 grids simultaneously and enables
computations for large study areas where the workload increases exponentially. Studies can
now be conducted for longer periods and for more complicated calculations in advanced
landscape ecological risk research.

2. Materials and Methods
2.1. Study Area

As is shown in Figure 1, the CCEC is located in the hinterland of southwestern
China. The study area is located in the upper reaches of the Yangtze River basin and
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is characterized by complex and diverse landforms. The location of this region is very
important. As the transition zone between the headwaters of the Yangtze River and the
middle and lower reaches of the Yangtze River, it is the second ecological shelter in China
after the three-river headwaters region on the Qinghai-Tibet Plateau, and it occupies
an important position in the ecological security pattern of China. Based on the relevant
urban agglomeration and urban integrity in the Construction Planning Outline for the
CCEC, in this study, the entire region containing Chongqging, Chengdu, Mianyang, and
15 other cities in Sichuan Province was selected as the study area, with a total area of
239,600 km?. Chonggqing covers an area of 82,400 km?, and Sichuan covers an area of
157,200 km?.
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Figure 1. Location of study area.

2.2. Data Sources

The data used in this study were for the land use within the study area in 2000,
2010, and 2020, with a 30 m resolution [21,29-31] (http://www.globallandcover.com
(accessed on 11 December 2020)). These data were provided by China to the United
Nations. These data have been widely used in studies of land use changes [32-34]. The
data from GlobeLand30 were reclassified into the following six types using the first-level
classification standard of the Land Use Status Classification (GB/T2010-2017): cultivated
land, forest land (including forest land and shrub), grassland, water area (including
water bodies and wetland), construction land (man-made landmarks), and unused land
(including bare land, tundra, glaciers, and permanent snow). It should be noted that if
the remote sensing image acquisition period was during the initial stage of the urban
construction project, it was identified as bare land. However, after the completion of
the urban construction, it was identified as urban land or other land use types in the
city region, so there is a discrepancy. In this study, the distribution area of the bare
land in the study area was very small, accounting for only 0.01%. In addition, the
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focus of this study was the large-scale landscape pattern changes in each decade, and
the process of the changes in local areas had little impact on the research results. The
administrative boundary data were obtained from the Data Center for Resources and
Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn/ (accessed
on 15 September 2020)), and the socio-economic data were obtained from the Sichuan
Statistical Yearbook and the Chongqing Statistical Yearbook.

2.3. Methods
2.3.1. Land Use Dynamic Degree (LUD)

The land use dynamic degree (LUD) is an indicator used to measure the difference in
the regional land use change rates. The specific model is as follows [30]

n

LUD = {Z(Auij/u,‘)} X (1/t) x 100%, (1)
ij

where Uj is the total area of land use type class I at the initial time. AU;_; is the total area of

land use type class I that changed into other land use types from the initial to the end time.

t is the time period. LUD is the total dynamic degree of land use change in the study area
in period t.

2.3.2. Landscape Ecological Risk Index

The landscape ecological risk refers to the possible adverse consequences of the
interactions between the landscape pattern and ecological processes under the influences
of natural and/or human factors [20], and it can be defined as the combined result of the
different probabilities of the risk probability and landscape loss degree [35-37]. Based
on previous research results and the actual situation in the study area, in this study,
a calculation model of the ecological risk index (ERI) was constructed based on the
landscape ecological loss index (LL;), and its calculation equations are as follows

ERI, = i Airg, €
= Ak

LL; = \/U; x E, 3)
U, = aC,‘ X bSi X c¢D,;, (4)

where 7 is the number of landscape types, Ay, is the area of landscape in sample area i, and
Ay is the total area of sample area k.

U; is the landscape disturbance degree index, which reflects the loss degree of the
landscape in a certain region after external disturbances. C;, S;, and D,; are the landscape
fragmentation degree index, landscape separation degree index, and landscape dominance
degree index, respectively. F; is the landscape vulnerability index, which reflects the
ability of the landscape types to resist external disturbances and their sensitivity to external
changes. 4, b, and c are the weights of the corresponding landscape indices, anda + b + c = 1.
According to previous research results, a = 0.5, b = 0.3, and ¢ = 0.2 are assigned as the
weights [36]. The six landscape types, including construction land, forest land, grassland,
cultivated land, water area, and unused land, were assigned values of 1-6, respectively,
and then, they were normalized to obtain F; [38—-40].

2.3.3. Risk Subdivision

In this study, ArcGIS was used to divide the study area into several square patches,
and each patch was defined as a risk plot. Each risk plot was coded, and the landscape eco-
logical risk index was calculated for each plot. Then, kriging interpolation and the natural
breakpoint method were used to obtain a spatial classification map of the landscape ecolog-
ical risk for the entire study area. Referring to relevant studies, the area of the landscape
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samples should reach 2-5 times the average area of landscape patches in order to compre-
hensively reflect the landscape pattern information around the sampling site [3,38,39]. The
study area is located in the southwestern mountainous area. The landscape features, such
as cultivated land and forest land, in this area are extremely broken. Therefore, the study
area was divided into a 5 km x 5 km grid by comprehensively considering the calculation
intensity, calculation accuracy, and actual situation in the study area. Then, the geometric
center of the grid was taken as the sampling point of the landscape ecological risk index,
and a total of 10,155 risk communities were obtained (Figure 2). In the research process,
ArcGIS, Fragstats, and other software packages were used to build a detailed technical
process for determining the landscape ecological risk index based on a risk calculation
flowchart (Figure 3), which makes the calculation process precise and process-based and
provides a reproducible operation mode for related research.
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Figure 2. Schematic diagram of the ecological risk plot division in the study area.



Land 2022, 11, 659 60f17

L SKm*5Km

[terative element selection La.nd use data in

[

| |

‘ \

| * remise condition

\ SKmriSde (P ) » (environment. field. transmission Grid_number 2000,2010 and — :

} 8 field. attribute field description) ‘ 2020 }

: _— J ..

| : ‘—1 |

} value NS I
. I

| ' % Value% ‘

i / ’
: (Ecological risk zone) ArcGIS cllpplng tOOl }
‘ e o ArcGIS modeling | |

‘ Batch risk cells according to Fragstas software storage rules

|
v

Landscape Fragmentation Index (Si)

+

Landscape Fragmentation Index (Ci)

Landscape Fragmentation Index (Di)

| Fragstas landscape
index calculation

|
I
* |
|
|

Landscape Disturbance Index (Ui)

Landscape Vulnerability Index (Fi) <+—

v

I

I

I

I

\

\

I

Landscape ecological loss index (Li) }—l \
I

T I
\

I

\

|

|

\

|

1

»

Kriging interpolation 4—‘[ Ecological Risk Index for each plot (ERIk)

Spatial distribution map of landscape ecological risk in the study area ‘ Censtruction of landscape

ecological risk index model

Figure 3. Flowchart for calculating the landscape ecological risk index.

3. Results
3.1. Evolution of Land Use Landscape Pattern

Based on the land use type map, the overall distributions and changes in each land
type in the study area in 2000, 2010, and 2020 were obtained. The main land use types in
CCEC were cultivated land and forest land, accounting for about 90% of the total area of the
study area. The areas of cultivated land and forest land in Chonggqing were 38,200 km? and
35,200 km?, respectively, and those in Sichuan were 85,300 km? and 54,700 km?, respectively.
Figure 4 shows that the cultivated land was mainly distributed in the basin floor of the
Sichuan Basin, upper hills, and siltstone in the parallel ridge-and-valley area. The forest
land was mainly distributed in the mountainous areas around the Sichuan Basin. The water
area mainly consisted of the Yangtze River, Jialing River, Minjiang River, and Tuojiang River.
The grassland was mainly distributed along the rivers and in the lower altitude mountains.
The construction land in Chengdu expanded, with Chongqging as the core. From the
perspective of the dynamic degree of land use [35], the dynamic degree of comprehensive
land use in the study area increased from 7.09% to 10.44% during 2000-2010 and 2010-2020,
respectively, and the dynamic degrees of the construction land, water area, and unused land
in the study area changed significantly (Figure 5). In general, the areas and distributions of
all of the land use types in the study area changed during the past 20 years, among which
the change in the construction land was the most significant.
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Figure 4. Landscape patterns showing the distributions of the land use types in 2000, 2010, and 2020.
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The land use transfer matrix was obtained by tracking the change in land use types
during the three phases (Table 1). From 2000 to 2020, the arable land was the main land
use type converted to other types. The arable land was mainly converted to construction
land and forest land, with conversion areas of 4866 km? and 3684 km?, respectively,
accounting for 45.70% and 34.60% of the conversion area. The forest land was the main
land use type formed, mainly from grassland and cultivated land, with conversion areas
of 5004 km? and 3684 km?, respectively, accounting for 57.09% and 42.04% of the total
area transferred from the corresponding land use type. In general, the largest degree
of construction land transfer occurred in the study area, mainly in the period from
2010 to 2020, and the creation of construction land was much larger than its conversion
to other land use types. More than 88% of the construction land was converted from
cultivated land; ecological land such as forest land, grassland, and water area was also
converted into construction land. In addition, as an important ecological shelter in the
upper reaches of the Yangtze River, the study area has a good natural background and
ecological resources. Urbanization encroachment on ecological land has caused the study
area to face certain ecological risks.
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Table 1. Land use landscape transfer matrix from 2000 to 2020 (km?).
2000 . .

M Cultivated Land Forest Land Grass Land Water Area Construction Land Unused Land Total
C“ﬁ‘;;ted 117,959 3684 1209 889 4866 2 10,651
Forest land 2907 81,126 2901 258 205 15 6285
Grassland 1795 5004 10,927 365 359 4 7527
Water area 523 75 112 2106 66 - 777

Construction 265 ; 2 28 1868 ; 316
land

Unused land - 1 6 - - 9 7
Total 5491 8764 4250 1540 5496 21

3.2. Ecological Risk Analysis of Landscape Land Use Types
3.2.1. Risk Index Analysis of Ecological Risk Communities

Using Equations (1)-(3) and the Fragstats software, the landscape ecological risk
index ERI of each risk community during the three periods was calculated for 10,155 risk
communities in the study area. The average risk values during the three periods in the
study area were 0.12-0.31 in 2000, 0.12-0.30 in 2010, and 0.09-0.30 in 2020, with an average
value of about 0.16, indicating that there was no significant change in the value. From
2000 to 2010 and from 2010 to 2020, the risk index values of 2753 communities continued
to decrease, accounting for 27.11% of all the risk communities. In 1604 communities, it
initially increased and then decreased, accounting for 15.81% of all the risk communities. In
3467 communities, it initially decreased and then increased, accounting for 34.14% of all the
risk communities. In 1505 communities, it continued to increase, accounting for 14.82% of
all the risk communities (Figure 6). The risk index remained unchanged in 110 communities,
decreased in 6321 communities, and increased in 3724 communities. The residential areas
with decreasing risk values were distributed in a zig-zag pattern along the northwestern
part of the Longquan Mountains, the southern part of the Huaying Mountains, and the
Wushan mountains. Most of these areas were flat areas of plains and river valleys. The
plots with continuous increases in the risk value were distributed at the northern and
southern ends of the study area. The overall landscape pattern in these areas was relatively
fragmented, and the stability and resilience of the ecosystem was poor. The changes were
rapid and obvious under the influences of human activities and/or natural disturbances.

In order to quantitatively analyze the relationship between the land use pattern
changes and the ecological risk caused by human activities, the land use transfer matrix
and ecological risk transfer matrix from 2000 to 2020 were superimposed (Figures 7 and 8).
The results revealed that when other land use types were converted to construction land, the
risk increased and decreased in 69.93% and 20.09% of the areas, respectively. The increasing
risk values were mainly distributed in the suburbs of Chongqing, Chengdu, and other
central urban areas, while the decreasing risk values were mainly distributed in the suburbs
far away from the central urban areas. When other land types were converted to cultivated
land, the risk value increased and decreased in 59.09% and 15.81% of the areas, respectively.
The areas with increased risk values were mostly forest areas at higher elevations, while
the areas with decreased risk values were mostly river valleys at lower elevations. The risk
values of areas around construction land and cultivated land was higher than that of areas
inside construction land and cultivated land. If there is a continuous increase in construction
land and cultivated land, including if the entire community becomes construction land or
cultivated land, landscape fragmentation will be reduced and land use will become stable.
As a result, the risk value of a single cell could remain constant or even decrease.
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3.2.2. Spatiotemporal Analysis of Landscape Ecological Risk

In ArcGIS, kriging interpolation was carried out on the landscape ecological risk index
during the three phases of development of the community, and maps of the spatial distribu-
tion of the landscape ecological risk in the study area in 2000, 2010, and 2020 were obtained
(Figure 9). According to the interpolation results, the ecological risk values were divided
into five categories using the natural breakpoint method and taking the actual situation
in the study area into consideration: no risk (ERI; < 0.14), low risk (0.14 < ERI}; <0.16),
medium risk (0.16 < ERI; < 0.18), high risk (0.18 < ERI; < 0.20), and extremely high risk
(ERIx > 0.2).

0 50 100 200
I —

mE No risk B3 Low risk = Medium risk =3 High risk ™8 Extremely-high risk

Figure 9. Landscape ecological risk classification from 2000 to 2020.
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The landscape ecological risk values in the study area were high in the periphery
and low in the middle, and the different risk areas were zoned along the Yangtze River.
The ecological risk levels in the study area exhibited a downward trend from 2000 to
2020. Among them, the low-risk area exhibited an expansion trend, with the proportion
increasing from 14.18% to 21.52%. The low risk areas were mainly distributed in the flat
areas with low elevations in the middle of the study area, such as on the Chengdu plain
and in the Hengduan Mountains in the west, and in the Daba Mountains in the north. This
area was dominated by woodland and arable land, the land use trends were stable, and the
landscape types were less disturbed by the outside world. The high-risk areas exhibited
an initial sharp decrease and then a slow increase. Their proportion decreased from 9.77%
in 2000 to 6.47% in 2010 and then increased to 6.84% in 2020. The distribution changed
from a contiguous strip to a plane scattered distribution, and it was concentrated in the
southeastern part of Mianyang, the eastern part of Leshan, and in Yibin-Luzhou-Chongging
south of the Yangtze River, exhibiting a semi-enclosed shape (i.e., U-shaped). In these
regions, the hills and mountains were interlaced, and the cultivated land and forest land
were distributed alternately. The overall landscape pattern was relatively broken, and the
stability and recovery ability were poor.

3.2.3. Ecological Risk Analysis of the Chengdu-Chongqing Economic Circle

By superimposing the administrative boundaries on the calculated results for the study
area, the landscape ecological risk index values of 16 cities in the CCEC were obtained
(Figure 10). In the last 20 years, the mean value of the ERI in 16 cities was 0.17, the
maximum value was 0.28, and the minimum value was 0.02. Among them, the ERI} in
Neijiang and Zigong cities exhibited a slowly increasing trend, and the ERI; in Suining,
Ziyang, Ya’an, Guang’an, Deyang, Nanchong, Dazhou, Mianyang, and Leshan exhibited a
continuous decreasing trend. The ERI; values in Chongqing and Luzhou initially decreased
and then increased, while those in Chengdu, Meishan, and Yibin initially increased and
then decreased. In most cities, the range of the ERI; was larger in 2020 than in 2000 and
2010, indicating that the landscape ecological risk within each city was imbalanced. Overall,
the fluctuations in landscape ecological risk in the study area were small. Compared with
the results of ecological risk studies conducted in other research areas in China, such as
the Haikou Coastal Zone (ERImean = 0.34-0.45) [7], Nanchang (ERImin = 0.17, ERImax
= 0.68) [36], Yancheng (ERImean = 0.35-0.39) [37], Hebei Bashang (ERImin = 0.1, ERImax
= 0.48) [41], and the Lanzhou Urban Agglomeration (ERImin = 0.19, ERImax = 0.27) [42],
the assessment results of the landscape ecological risk index obtained for the study area
(ERImean = 0.16, ERImin = 0.09, ERImax = 0.31) are significantly lower. Thus, the landscape
pattern in the study area has a stronger ability to resist the risks posed by human activities,
such as agricultural development and urban expansion.
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Figure 10. Statistical chart of the landscape ecological risk index values of 16 cities in 2000, 2010,
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Based on analysis of the ecological risk classification results, it was found that there
were no high-risk areas in Chengdu, Neijiang, Suining, Ya’an, Ziyang, and Dazhou in
2000, 2010, and 2020. In Ya’an, Ziyang, Suining, Chengdu, Dazhou, Meishan, Nanchong,
Neijiang, and Guang’an, the proportion of the areas with the second-highest risk and
the high-risk areas was less than 10% of the total area. In Zigong, Mianyang, and
Deyang, the areas with the second-highest risk and the high-risk areas accounted for
10-15% of the total area. The areas with the second-highest risk and the high-risk areas
accounted for about 20% of the total area in Chongqing. In Leshan, Luzhou, and Yibin,
these areas accounted for more than 50% of the total area. Among them, more than
80% of Yibin City was classified as the second-highest risk and high-risk grade areas,
accounting for the largest proportion. Overall, there was no significant increase in the
second-highest risk and high-risk areas in the 16 cities from 2000 to 2020. The results
show that with the development of the economy and society during the past 20 years,
the landscape ecological risk in the study area did not deteriorate significantly, and the
regional ecological security was generally good.

The per-capita gross domestic product (GDP) values of the study area in 2000, 2010,
and 2020 were 4700 yuan, 20,400 yuan, and 53,700 yuan, respectively, i.e., it increased
by about 10 times in 20 years. In terms of the spatial distribution, the areas with low
per-capita GDPs were distributed in the Mei-Zi-Nei-Sui-Guang-Da-Nan urban belt in the
central and northeastern parts of the study area. The high-value areas in Chongqing and
Chengdu as the two ends, and opening toward the northeast, the values along the Yangtze
River-Minjiang River form a U-shaped distribution in the Mian-De-Cheng-Ya-Le city belt
and southeast along the river city belt. The distribution characteristics are highly consistent
with the distribution of the landscape ecological risk areas. According to the statistics
(Figure 11 and Table 2), there was no significant correlation between the per-capita GDP
and the landscape ecological risk in the cities with relatively high economic development
levels, such as Chongqing, Chengdu, Dazhou, Deyang, and Mianyang, due to the good
ecological environmental foundation, effective protection measures, and mature urban
development model. In most of the other cities, the higher the per-capita GDP was, the
higher the landscape ecological risk was. In future development, the cities in the low-value
landscape ecological risk areas should be used as the future foci for economic development,
so that the future development will be based on the good ecological environmental back-
ground, and the ecological environmental advantages can be transformed into economic
advantages. While leading the economic development, the cities in the high-value land-
scape ecological risk areas should pay more attention to the protection of the ecological
environment, explore the path of green, low-carbon, high-quality, coordinated, and sustain-
able development, and realize the win-win situation of the simultaneous development of
the environment and economy.

Table 2. Per-capita GDP and ERI; statistics for the 16 cities based on the three-year average (2000,
2010, and 2020).

Per-Capita GDP Per-Capita GDP

City Name (Million Yuan) ERI; City Name (Million Yuan) ERIy
Chonggqing 3.59 0.17 Mianyang 2.93 0.15
Chengdu 5.37 0.15 Nanchong 1.77 0.15
Dazhou 1.82 0.15 Neijiang 2.04 0.15
Deyang 3.32 0.15 Suining 2.06 0.14
Guangan 1.95 0.15 Yaan 2.43 0.14
Leshan 2.93 0.19 Yibin 2.83 0.19
Luzhou 2.34 0.19 Ziyang 1.73 0.14

Meishan 233 0.15 Zigong 261 0.16
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Figure 11. Changes in the per-capita GDP from 2000 to 2020.

4. Discussion

The landscape ecological risk is used to evaluate the spatial and temporal distributions
and evolutionary characteristics of regional landscape features based on land use changes.
This method provides an efficient and convenient method of regional ecological risk as-
sessment based on geographical patterns. This evaluation model, which has been widely
used, is considered to be reasonable and applicable for evaluating landscape ecological
risk due to land use changes [20,43]. The evaluation results can provide a reference for the
overall layout of the regional territorial space. In this study, a landscape ecological risk
index evaluation model was established to analyze the spatiotemporal dynamic changes
in the urban expansion and landscape ecological risk in the last 20 years. The research
results provide a reference for space optimization, sustainable utilization of resources, and
ecological risk prevention and control in the CCEC. The research methods and technical
processes can provide a reference for the calculation of the landscape risk index across a
wide range of research areas.

In the last 20 years, the overall landscape ecological risk in the study area was at a
low level, and the resistance of the landscape pattern to external disturbances was stronger
than that in other regions in China. The low-risk area increased from 14.18% to 21.52%, and
it expanded in the core of the Sichuan Basin. The high-risk area decreased from 9.77% to
6.84%, and the high-risk areas changed from a banded distribution to a scattered planar
distribution. The ecological risk index values of 16 cities in the study area ranged from
0.02 to 0.28, which was at a low level compared with other regions in China. The spatial
distribution of the high per-capita GDP areas was highly consistent with that of the high
landscape ecological risk.

This study is the first to quantitatively evaluate and diagnose the temporal and
spatial changes in the landscape ecological risk in the CCEC. Our results suggest that
a high landscape ecological risk results from a high-value ecological source, important
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ecological corridors, and high-value ecosystem service functions, which overlap with the
development in the southwestern and eastern parts of the Chengdu-Chongqing Economic
Circle [44], which was found to be closely overlapped by the high-value area of landscape
ecological risk in this study. The high-risk area was located in the border region of the
Sichuan Basin, which is an ecological shelter area for water conservation, soil and water
conservation, and biodiversity in China [9]. This region is in urgent need of ecological
protection and restoration.

In recent years, government departments have gradually carried out planning for im-
portant ecological protection spaces such as red lines for ecological protection and protected
natural areas. The implementation of relevant protection policies and the strengthening
of protection is one of the important reasons why the distribution characteristics of the
high-risk areas have changed from a banded distribution to a scattered distribution. How-
ever, the delimited ecological protection space is fragmented and relatively independent.
In particular, the synergy and the linkage of natural ecological protection at the junction
of the two provinces is poor, making it difficult to adapt to the integrated development of
the CCEC [45]. Therefore, in the future, the landscape ecological high-risk areas identified
in this study should be included in the ecological protection red line, natural protection
areas, and other controlled ecological spaces. The areas of increased landscape ecological
risk in the study area are distributed in the area surrounding the expansion of land used
for human activities, which is basically consistent with the research results of a previous
study [46]. Therefore, the overall protection and restoration of the cultivated land and
the prevention of forest land fragmentation in marginal areas caused by urban expansion
should be strengthened in the territorial spatial planning and layout.

To some extent, the grid method divides the original natural ecosystem artificially,
which has a certain impact on the assessment and analysis of the local landscape pattern.
The specific size of the grid has obvious differences in reflecting the landscape as a whole
and in detail. A grid that is too large or too small will affect its ability to reflect the
real situation of landscape ecological risk. Based on grid scale analysis of the landscape
ecological risk assessment in the mountainous areas in southwestern China, it has been
found that when the grid scale is greater than 4 km, the difference in the landscape
ecological risk assessment results tends to be stable [47]. Therefore, in this study we
carried out landscape ecological risk assessment in the study area based on a 5 km x 5 km
grid to ensure the overall accuracy of the research results. In addition, the number of
grids in the study area was large, so the research results can reflect the local details of
the study area more clearly. However, due to the 30 m resolution of the source data, the
details of the landscape ecological risk are slightly weaker in the slender river ecosystems
with widths of less than 30 m and in the forest ecosystems with large slopes. Due to the
lag of satellite images, the global30 data are suitable for studies of large study areas and
low time requirements for the data source, but they are not recommended for studies
of small areas and precise data time requirements. In addition, in this study, a technical
model for landscape ecological risk assessment was established using a flowchart for the
computational processes, including ArcGIS, Fragstats batch processing, and other methods.
This method reduces the difficulty of the execution of the research, effectively avoids the
human error involved in the calculation process, and greatly improves the calculation
speed. To some extent, it lays a technical foundation for subsequent national scale and
larger scale research.

In this study, the threshold of the landscape ecological risk classification in the
Chengdu-Chonggqing region was quantified for the first time, which can be used as a
reference for landscape ecological risk classification in the Chengdu-Chongqing region and
even in the entire mountainous region in southwestern China. Based on the land use types,
in this study, the past landscape ecological risks in the study area were investigated, but
the prediction of future landscape ecological risks requires further research. Due to the
large scope and complex structure of the ecosystem in the study area, there are still some
deficiencies in this study. The grading threshold of the landscape ecological risk assessment
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results is suitable for longitudinal comparison within the study area, but its applicability to
other study areas in China and around the world needs to be evaluated.

5. Conclusions

From 2000 to 2020, cultivated land was the main type of land use in the study area,
accounting for more than 50% of the total land use. During the study period, the decrease
in cultivated land was mainly due to the conversion of cultivated land to forest land and
construction land. Among all of the land use types, construction land was the most changed,
with a two-fold expansion in the past 20 years, which mainly occurred in the decade from
2010 to 2020. Chengdu and Chongqing were the two cores of the rapid expansion in
all directions.

The average risk value of the 10,155 risk communities in the study area was about 0.16.
Human activities such as urbanization expansion and agricultural development led to an
increase in the landscape ecological risk in the areas surrounding the construction land and
cultivated land. For areas with increased or unchanged risk values, the land use structure
should be optimized, the coverage rate of the forest land and grassland should be increased,
and the construction of ecological corridors within the region should be strengthened to
ensure the connectivity and stability of the ecosystem. For the regions with reduced risk
values, the intensity of human activities should be controlled, the ecological function of
the landscape should be improved, and the high-quality coordinated development of the
regional economic society and ecological civilization should be promoted.

Our results suggest that cities with rapid social and economic development face
higher landscape ecological risks. Therefore, in the sustainable development of CCEC,
ecological environment protection along the Yangtze River should be strengthened. The
urbanization pattern along the Yangtze River should be optimized, as well as controls on
the intensity of development, construction, and agricultural cultivation. The development
of cities along the Yangtze River should be guided scientifically, The management of the
regional landscape ecological risk and economic development requires co-construction,
co-governance, joint prevention, and control.
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