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Abstract

The mining activity in Jinchuan has a history of many years. Copper and
nickel mining not only plays a supporting role in the local social and economic
development, but also has a significant impact on the ecological environment
of the region. Based on Landsat series remote sensing data from 1994 to 2024,
the impacts of copper and nickel mining on ecological environment in Jin-
chuan region were studied. Then, the characteristics of ecological environ-
ment and temporal and spatial changes were analyzed by using remote sensing
Ecological index (RSEI). The results show that the environmental change is
related to mining exploitation and annual precipitation. From 1994 to 2024,
the overall ecological quality of the study area has improved. Areas with im-
proved ecological quality are mainly distributed in the northeast. In a few areas
in the south where mining activities are concentrated, the ecological quality
has declined. This change is mainly due to large-scale underground mining,
and necessary measures should be taken to improve the environmental qual-

ity.
Keywords

Jinchuan Area, Copper-Nickel Mining, Ecological Environment, Remote
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1. Introduction

The exploitation of mineral resources plays a vital role in driving economic devel-
opment, especially in resource-rich regions. However, mining activities are often

accompanied by serious ecological and environmental problems, especially in the
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case of long-term, large-scale development [1]. Located in northwest China, Jin-
chuan area is an important copper and nickel mineral base in the country, and its
mining has a history of decades. These mining activities have not only made im-
portant contributions to the local socio-economic development, but also had a
significant negative impact on the ecological environment of the region [2].

In recent years, with the increasing awareness of ecological environment pro-
tection, more and more studies have begun to pay attention to the ecological
changes and sustainable development of mining areas [3]. Due to its special geo-
graphical location and intensive mining of mineral resources, the local ecosystem
in Jinchuan region is faced with a series of challenges such as vegetation degrada-
tion, soil erosion and soil pollution. In order to better understand the impact of
mining activities on the environment and provide scientific basis for ecological
restoration, remote sensing technology has been widely used in the monitoring
and assessment of ecological environment due to its advantages of wide coverage
and long time span [4].

Based on Landsat series remote sensing data from 1994 to 2024, this paper stud-
ied the temporal and spatial effects of copper and nickel mining on ecological en-
vironment in Jinchuan region. Based on the Remote Sensing Ecological Index
(RSEI), the changes of the ecological environment were systematically analyzed to
reveal the spatio-temporal evolution trend of the environmental quality in the
mining area. RSEI has been proven to be an effective tool for assessing eco-envi-
ronmental quality over large areas [5].

From 1994 to 2024, the overall ecological quality of the study area has improved.
Areas with improved ecological quality are mainly distributed in the northeast. In
a few areas in the south where mining activities are concentrated, the ecological
quality has declined. This change is closely related to large-scale underground
mining activities and the change of annual precipitation [6]. In order to mitigate
the negative impact of mining on the ecological environment, it is necessary to
take effective environmental management and restoration measures to improve
the environmental quality of the region [7].

The research in this paper not only provides a scientific basis for understanding
the environmental impact of mining activities in Jinchuan area, but also provides
an important reference for formulating environmental protection policies and
sustainable development strategies of mining areas. This research method, which
combines remote sensing data with ecological assessment indicators, has wide ap-
plication value for ecological environment monitoring and assessment in similar

areas [8].

2. Overview of the Study Area

Jinchuan District of Jinchang City is located in the central part of Gansu Province,
at the junction of Qilian Mountains and Loess Plateau. Its geographical coordi-
nates are about 38°10' to 38°40' north latitude and 102°30' to 103°00' east longi-
tude. The terrain of Jinchuan District is high in the west and low in the east, show-
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ing a typical combination of mountain, hill and plain landform. The west is dom-
inated by Qilian Mountains, which are high in height and rich in forest resources.
In the east is the flat Loess Plateau, where the soil is fertile and suitable for agri-
cultural production. In terms of climate, Jinchuan District belongs to the temper-
ate continental climate, four distinct seasons, short and hot summer, cold and dry
winter, the average annual temperature of about 7°C, less precipitation, annual
precipitation of about 200 mm. Due to the influence of terrain and climate, the
natural ecological environment of Jinchuan District is quite different. The moun-
tain area is rich in vegetation coverage, with alternating distribution of forest,
grassland and desert, while the plain area is mainly agricultural land, mainly plant-
ing wheat, corn and other crops. The ecological environment of Jinchuan District
is facing certain pressure, especially the shortage of water resources and the ex-
pansion of desertified land. Therefore, in recent years, Jinchuan District has
strengthened the work of ecological restoration and soil and water conservation,
and strived to achieve the coordination and win-win of economic development

and ecological protection. The remote sensing map of the study area is shown in

Figure 1.
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Figure 1. The remote sensing map of the study area.

3. Research Methods

1) Acquisition and processing of remote sensing data

In this study, Landsat series remote sensing image data from 1994 to 2024 were
used to analyze the impact of copper and nickel mining on ecological environment
in Jinchuan area. Landsat satellite data has the advantage of long time series,
which can provide reliable data support for the study of spatio-temporal dynamics
of ecological environment changes [9]. Data processing mainly includes image
pre-processing and correction, with specific steps including radiation correction,
atmospheric correction and geometric correction to ensure image accuracy and

consistency.
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2) Calculation of remote sensing Ecological index (RSEI)

In order to evaluate the change characteristics of ecological environment in Jin-
chuan area, this study introduced RSEI to analyze. RSEI is a comprehensive index
based on various ecological factors, including greenness index, humidity index,
heat index and dryness index. These factors are integrated into a comprehensive
index through principal component analysis (PCA), which is used to evaluate the
ecological quality of a region [10]. The calculation process of RSEI includes the
following steps: First, the main factors of ecological environment are obtained
through the extraction of remote sensing indicators such as NDVI, WET, LST and
NDSI; Then, these factors are comprehensively analyzed by PCA to obtain the
ecological quality index.

The RSEI (Remote Sensing Ecological Index) is chosen to evaluate the environ-
ment of the study area due to its numerous advantages. The RSEI is a comprehen-
sive assessment tool. It is integrated through principal component analysis based
on multiple factors such as greenness, humidity, heat, and dryness, enabling it to
comprehensively reflect ecological quality, which is difficult to achieve with a sin-
gle indicator or method. The remote sensing data it relies on, such as Landsat
series data, is characterized by long-time series and wide coverage. This provides
reliable data for the study of the temporal and spatial changes of the ecosystem.
Moreover, the data processing methods are mature. Steps like radiometric correc-
tion, atmospheric correction, and geometric correction can ensure the accuracy
and consistency of the images.

The RSEI can conduct time-series analysis. By comparing the values of different
years, it can clearly reveal the changing trends and spatio-temporal characteristics
of the ecosystem. It can also perform correlation analysis with other environmen-
tal factors to uncover the driving factors of ecological changes. Using software
such as ArcGIS, the RSEI can carry out spatial interpolation and change detection,
identify the areas where the ecological quality has changed, and quantify the spa-
tial characteristics. It can also analyze the differences in ecological quality among
different regions.

In addition, the RSEI has been widely applied and proven effective in multiple
regions and ecosystems. It is highly efficient and accurate in data acquisition, pro-
cessing, and analysis, showing obvious advantages compared with traditional eco-
logical assessment methods. Therefore, in this study, the RSEI is adopted to eval-
uate the environment of the study area.

3) Temporal and spatial change analysis

After obtaining the RSEI value, this study analyzed the temporal and spatial
changes of ecological environment in Jinchuan area. ArcGIS software was used to
carry out spatial interpolation and change trend analysis on RSEI images of dif-
ferent periods, identify the changing regions of ecological environment quality,
and quantify the spatial-temporal characteristics of the increase in the area of poor
ecological quality and the decrease in the area of good and excellent ecological

quality through change detection method [11]. Based on the time series analysis
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of RSEI values from 1994 to 2024, the changing trend of ecological environment
and its relationship with mining in Jinchuan region were revealed.

4) Correlation analysis of environmental factors

In order to further understand the driving factors of ecological environment
change, this study combined mining activity data and annual precipitation data
to analyze the relationship between these factors and ecological environment
change. The correlation analysis method was used to evaluate the impact of factors
such as mining intensity and precipitation on the change of ecological environ-
ment quality [12]. The results showed that there was a significant positive corre-
lation between the increase of mining intensity and the decline of ecological qual-
ity, and the change of precipitation also had an important impact on regional eco-

logical environment.

4. Results

1) The change of ecological environment quality

Through the analysis of Landsat remote sensing data from 1994 to 2024, the
ecological environment quality of Jinchuan mining area has changed significantly.
From 1994 to 2024, the overall ecological quality of the study area has improved.
Areas with improved ecological quality are mainly distributed in the northeast. In
a few areas in the south where mining activities are concentrated, the ecological
quality has declined. The results indicate that the ecosystem quality of the mining
area and its surrounding areas has generally shown a worsening trend over the
past 30 years. The index maps of LST, NDBSI, NDVI, WET, and RSEI are shown
in Figures 2-6.

2) Characteristics analysis of spatio-temporal changes

In terms of spatial distribution, the areas with poor ecological quality are mainly
concentrated in the mining core and the areas with large mining influence, while the
areas with good ecological quality or excellent ecological quality are gradually away
from the mining core and distributed in the relative edge zone. In terms of time, the
ecological degradation was mainly concentrated in the 1990s and early 2000s, which
were the peak period of large-scale mining activities in Jinchuan Mining area.

3) Driving factors of environmental change

The study found that environmental change is closely related to mining activi-
ties and annual precipitation. Large-scale underground mining activities in min-
ing areas are the main reason for the deterioration of ecological quality, resulting
in land subsidence, vegetation destruction and soil pollution. In addition, the an-
nual precipitation of Jinchuan area also has a significant impact on the change of
ecological environment. The lack of precipitation further limits the recovery abil-
ity of regional vegetation, resulting in a more fragile ecological environment.

4) Regional differences of ecological degradation

There are significant differences in the degree of ecological degradation in
different regions. The core area of mining area is affected by long-term large-scale

mining activities, the ecological degradation is particularly obvious. In the areas
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far away from the mining area, the impact of mining activities is small, and the

degree of ecological degradation is relatively light, and the vegetation in some
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Figure 2. The index map of LST (1994, 2004, 2014, 2024).
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Figure 3. The index map of NDBSI (1994, 2004, 2014, 2024).
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Figure 5. The index map of WET (1994, 2004, 2014, 2024).
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Figure 6. The index map of RESI (1994, 2004, 2014, 2024).

areas even has a certain ability to recover. This indicates that there is a significant
correlation between the degree of ecosystem degradation in mining area and the
spatial distribution of mining.

5) Suggestions for improving the quality of ecological environment

In order to reduce the negative impact of mining on the ecological environ-
ment, necessary ecological restoration and protection measures should be taken.
For example, the disposal of waste should be strengthened to reduce the discharge
of pollutants; Vegetation restoration projects should be carried out to increase
green coverage; And reasonable management of groundwater resources to miti-
gate the impact of mining activities on the water table. Through the implementa-
tion of these measures, it is expected to improve the ecological environment qual-
ity of Jinchuan mining area and promote the sustainable development of the area.
The change curves of LST, NDBSI, NDVI, WET and RSEI indices in 1994, 2004,
2014 and 2024 are shown in Figures 7-11 as follows.

5. Discussion

1) The impact of copper-nickel mining on ecological environment
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Figure 7. The change curve of the LST index.
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Figure 8. The change curve of the NDBSI index.
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Figure 9. The change curve of the NDVI index.
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Figure 10. The change curve of the WET index.
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Figure 11. The change curve of the RSEI index.
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This study reveals the significant impact of 30 years of copper-nickel mining on
ecological environment in Jinchuan area. In the mining area, the area of poor eco-
logical quality increased significantly, while the area of good and excellent ecolog-
ical quality decreased gradually, which indicates that the pressure of mining on
the regional ecosystem is increasing day by day. This change is mainly attributed
to surface subsidence, soil pollution and vegetation destruction caused by large-
scale underground mining activities. Waste and heavy metal pollution from min-
ing activities have had a serious impact on soil and water bodies, further aggra-
vating the decline in ecological quality in the region.

2) The contradiction between mining development and ecological protec-
tion

Mining in Jinchuan mining area has played an important role in promoting
regional economic development, but it has also been accompanied by serious eco-
logical and environmental degradation. This phenomenon reveals the contradic-
tion between mining development and ecological protection. On the one hand,
the mining of mineral resources has brought huge benefits to the local society and
economy, providing support for infrastructure construction and the improvement
of residents' lives. On the other hand, the vulnerability of the mining ecosystem
continues to emerge under large-scale mining activities, and the ecological degra-
dation seriously threatens the biodiversity of the region and the quality of life of
the residents.

3) The influence of climate factors

In addition to mining activities, climatic factors, especially the fluctuation of
annual precipitation, also have a significant impact on the change of ecological
environment. The annual precipitation itself is low in Jinchuan area, and there are
significant inter-annual fluctuations, which limits the resilience of the ecosystem
to environmental disturbances. In dry years, vegetation recovery is difficult, and
the vulnerability of the ecosystem is more prominent. Therefore, the superim-
posed effect of climatic conditions and mining activities further aggravated the
deterioration of ecological environment in Jinchuan region.

4) Challenges and coping strategies of ecological restoration

In view of the ecological degradation in Jinchuan area, a series of ecological
restoration suggestions were put forward. However, due to the particularity of
mining environment, ecological restoration faces many challenges. First of all,
long-term mining leads to the destruction of soil structure and heavy metal pol-
lution, making vegetation restoration difficult. Secondly, due to the arid climate
in the region, the shortage of water resources limits the growth and recovery of
vegetation. To address these issues, it is recommended to implement ecosystem-
based restoration strategies, such as strengthening waste management and reduc-
ing emissions of pollution sources; Vegetation restoration using drought-resistant
native plants; And reasonable management of groundwater resources to support
ecological restoration needs (Zhao et al., 2024).

5) The necessity of sustainable development in mining area
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The results of this study emphasize the necessity of sustainable development of
mining areas. In order to realize the sustainable development of Jinchuan mining
area, it is necessary to find a balance between economic interests and ecological
protection. The government and mining enterprises should jointly assume the re-
sponsibility of environmental protection, strengthen the ecological restoration of
the mining area, and reduce the negative impact of mining on the environment.
In addition, it is also necessary to enhance the public's awareness of environmen-
tal protection and actively participate in ecological restoration and protection,
with a view to realizing the coordinated development of economic, social and en-
vironmental benefits.

6) Limitations of RSEI index

The Remote Sensing Ecological Index (RSEI) has certain limitations in evaluat-
ing the quality of the ecological environment. Firstly, RSEI is sensitive to atmos-
pheric conditions. Clouds, aerosols, water vapor, etc. in the atmosphere can scat-
ter and absorb electromagnetic waves, reducing the clarity and accuracy of re-
mote-sensing data and affecting the calculation results of RSEI. For example, in
areas with heavy cloud cover, it is more difficult to acquire and process remote-
sensing data, resulting in deviations in the calculation of RSEI. Secondly, RSEI is
also quite sensitive to the selection of data pre-processing. Different data pre-pro-
cessing methods, such as radiometric correction, atmospheric correction, and ge-
ometric correction, can significantly affect the quality of remote-sensing data, and
thus influence the accuracy and reliability of RSEI. For instance, insufficient radi-
ometric correction may lead to inaccurate radiance values of remote-sensing data,
affecting the calculation of RSEI.

7) Impact of the complex interactions among the RSEI index, mining, pre-
cipitation, and other environmental factors on the environment

There are complex interactions among the RSEI index, mining activities, pre-
cipitation, and other environmental factors, which have a significant impact on
the ecological environment. Firstly, the damage of mining activities to the ecolog-
ical environment is obvious. Large-scale underground mining activities can cause
surface subsidence, vegetation damage, and soil pollution, thus reducing the RSEI
value. For example, in the Jinchuan area, in the southern region where mining
activities are concentrated, the ecological quality has declined significantly, and
the RSEI value has decreased. Secondly, as an important climatic factor, precipi-
tation plays a crucial role in the restoration and maintenance of the ecological
environment. The annual precipitation in the Jinchuan area is low and has large
inter-annual fluctuations, which limits the vegetation restoration ability and fur-
ther exacerbates the vulnerability of the ecosystem. In years with less precipita-
tion, the vegetation coverage decreases, and the RSEI value drops. In addition,
other environmental factors such as land-use types, topography, and human ac-
tivities also affect the RSEI. For example, changes in land-use types, especially the
transformation from natural vegetation cover to construction land, can signifi-

cantly reduce the RSEI value. The interactions of these factors make the changes
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in the RSEI value more complex, and it is necessary to consider multiple factors
comprehensively to accurately assess the changes in the quality of the ecological
environment.

8) The impact of mining methods on the environment

Both open-pit mining and underground mining have significantly impacted
the environment of the Jinchuan study area. Open-pit mining mainly causes
problems such as soil erosion, ground subsidence, and dust pollution by altering
the surface landforms, damaging vegetation and soil structure, thus affecting the
regional ecological balance. Underground mining, on the other hand, mainly
leads to surface subsidence, vegetation damage, and soil pollution. These activ-
ities not only reduce the regional ecological quality but also further exacerbate

the degradation of the ecosystem by changing the land-use types and topogra-
phy.

6. Conclusions

Based on Landsat remote sensing data from 1994 to 2024 and remote sensing Eco-
logical Index (RSEI), this study analyzed the temporal and spatial changes of the
impact of copper and nickel mining on ecological environment in Jinchuan area.
The results show that the ecological environment of the mining area has under-
gone significant degradation in the past 30 years, especially in the area where min-
ing activities are concentrated. From 1994 to 2024, the overall ecological quality
of the study area has improved. Areas with improved ecological quality are mainly
distributed in the northeast. In a few areas in the south where mining activities
are concentrated, the ecological quality has declined. These changes are mainly
attributed to large-scale underground mineral mining activities as well as fluctu-
ations in annual precipitation within the regions.

Although mining activities have played an important role in supporting the lo-
cal social and economic development, they have also caused a negative impact on
the ecosystem of Jinchuan that cannot be ignored. The degradation of the ecosys-
tem not only weakens the carrying capacity of the regional environment, but also
poses a threat to the quality of life of residents and the sustainable development
of the region.

Therefore, in order to realize the sustainable development of Jinchuan mining
area, it is necessary to take effective ecological restoration and environmental pro-
tection measures in the future. This includes reducing the ecological damage
caused by mining, strengthening waste management, implementing vegetation
restoration projects and rational use of water resources. Through the implemen-
tation of these comprehensive measures, the ecological environment quality of
Jinchuan mining area can be effectively improved and the long-term sustainable

development of the mining area can be promoted.
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