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ABSTRACT

The rare earth mining area in South China is the main production base of ionic rare earth in the world, which has
brought inestimable economic value to the local area and even the whole nation. However, due to the lack of mining
technology and excessive pursuit for economic profits, a series of environmental problems have arisen, which is a great
threat to the ecosystem of the mining area. Taking Lingbei rare earth mining area in Ganzhou as an example, this paper
discriminated and analyzed such aspects as the ecological source, ecological corridor and ecological nodes of the min-
ing area based on the landscape ecological security pattern theory and the minimum cumulative resistance model (MCR)
method, and constructed a landscape ecological security pattern of the mining area during the 2009, 2013 and 2018. The
results show that: i) The patch area of the ecological source of rare earth mining area is small, mainly concentrated in
the east and west sides of the mining area. ii) During the selected year, the ecological source area, ecological corridors,
radiation channels and the number of ecological nodes in the rare earth mining area are increasing, indicating that the
landscape ecological security of the rare earth mining area has been improved to some extent, but it remains necessary
for relevant departments to make a optimized planning to further reconstruct the ecological security pattern of the rare
earth mining area.
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ARTICLE INFO 1. Introduction

Ecological security pattern refers to the arrangement, design, com-
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and multi category spatial allocation scheme composed of points, lines,
areas and networks. Due to the continuous development of various
resources on the earth, there is a serious ecological imbalance, and
various ecological security problems arise, such as resource shortage,
sharp reduction of species and environmental pollution. People from all
walks of life and scholars are paying more and more attention to eco-
logical research, and further think and discuss the definition and deri-
vation of its concept based on ecological security research. Therefore, a
series of related studies are carried out around the theme of ecological
security!"?.

In the 21* century, rare earth, as an extremely important national
strategic resource, plays an important role in high-tech and military
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fields such as military weapons and new material
manufacturing”’. Ton adsorption rare earth ores are
scarce in many types of rare earth ores and have
important mining value'*. The main production area
is located in the south of Jiangxi Province, China,
and its reserves are as high as 80% of the world’s
total. However, due to its special mining process, the
ionic rare earth mine in southern Jiangxi will bring
direct damage to the surface vegetation and soil, re-
sulting in a series of ecological and environmental
problems, such as large-area vegetation degradation,
farmland damage, soil erosion and desertification.
According to statistics, more than 100 km” of moun-
tain forest land in Ganzhou City has been damaged
due to rare earth mining'®. The land that has been
treated is very few, which puts great pressure on the
ecology of the region. In recent years, the maturity
of GIS and remote sensing technology has laid a
technical foundation for the ecological monitoring
of rare earth mining areas. As early as the end of the
20" century, Horvath, Luise, and Monjezi analyzed
and comprehensively evaluated the impact of open-
pit mining on ecological security, and formulated
a series of ecological restoration and optimization
measures, which opened a good beginning for later
research'””. Domestic scholars have also opened the
road of ecological security in the mining area and
achieved many results. Liu Xitao, Fan Xiaoshan and
Yang Jianjun all tried to establish an ecological secu-
rity evaluation index system for the mining area'"’ ',
They put forward suggestions for ecological man-
agement of the mining area. As a result, some eco-
logical problems were alleviated.

When exploring the ecological security pattern,
MCR is a widely used model, which reflects the in-
ternal relationship of ecological security, integrates
applicability and scalability, and plays an important
role in technical methods and practical application'".
Based on the MCR model, many scholars have con-
structed the ecological security pattern of land use
from many aspects and put forward corresponding
optimization schemes!”'®. However, for the current
research, the Minimum Cumulative Resistance Mod-
el (MCR) is mainly used to evaluate the ecological
security pattern of urban land, and is rarely used in
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rare earth mining areas. Therefore, the present paper
takes the Dingnan Lingbei rare earth mining area in
Ganzhou as the research area to further explore the
changes in landscape and patterns in this mining area
by using QuickBird multi temporal high-resolution
images and fully considering the landform of the
rare earth mining area based on the manual vector
map of the area. MCR model is used to analyze the
landscape ecological security pattern of rare earth
mining area, so as to further understand the change
characteristics of landscape ecological security pat-
tern of rare earth mining area and provide basic data
and scientific decision-making for controlling the
ecological environment of mining area.

2. Overview of the study area

Lingbei rare earth mining area is mainly located
in the north of Dingnan County, Jiangxi Province,
between 114°58'04" E ~ 115°10’56"” E and 24°51'24"
N ~ 25°02'56" N, including towns such as Jingnao
and Huangxiang (Figure 1). It is a subtropical mon-
soon humid climate area, with an annual average
temperature of 19 °C, precipitation of 1774.3 mm,
and uniform and sufficient light and heat throughout
the year"”'®). Among them, Lingbei mining area is
composed of Laohukeng, Chenaoxia, Qingjingtang,
Longchuankeng, Zuojaxing, Jiazibei, Aobeitang and
other major ore occurrences. The mining area is rich
in minerals and the rare earth grade is among the
best in China. So far, it has a mining history of about
30 years. Taking 2001 as the watershed, the previ-
ous mining methods were more traditional, mainly
pool leaching and heap leaching. This method will
directly promote the vegetation, alleviate the dam-
age degree of vegetation, and relatively reduce the
ecological pressure. However, the ecology of some
ore spots has not been improved, indicating that this
method cannot fundamentally solve a series of envi-
ronmental problems produced in the process of rare
earth mining.
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Figure 1. Location of the study area.
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2. Data sources and research meth-
ods

2.1 Data sources

The land use classification data used in this pa-
per mainly comes from QuickBird image data. The
spatial resolution of the data is 2.44 m. The data
comes from Google Earth. Combined with field in-
vestigation, the mining area is manually vectorized,
which is mainly divided into water body, buildings,
orchards, roads, tailings land (a large area of exposed
area after mining) and sedimentation tank (including
high pool), vegetation (mainly refers to natural for-
estland), reclaimed vegetation and farmland. DEM
data has a spatial resolution of 30 m, mainly from
geospatial data cloud platform (http://www. gscloud.
cn). DEM is used to extract elevation and slope as
resistance factors. The vector boundary is extracted
from the national administrative division boundary
map.

2.2 Research methods

2.2.1 Minimum cumulative resistance model
(MCR model)

The minimum cumulative resistance model
(MCR model) refers to the model of the total resis-
tance that species need to overcome in the process
from a “source” point to the target location"”. Gen-
erally speaking, the resistance coefficient will be de-
fined as a specific value, and the minimum resistance
value is the source point, which is usually defined
as 1. The determination of other impact factors is
usually determined by comprehensively considering
the actual situation of the mining area and the estab-
lishment path objectives of the study area. And the
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element resistance coefficient varies with different
targets. The specific formula is expressed as follows:
MCR = fiin Zj"frrll(Dij X R;) (D
where MCR is the minimum cumulative resistance
of rare earth mining area, and f is the undetermined
monotonic increasing function. D represents the
spatial distance from ecological land landscape units
i toj. R; is the resistance coefficient of landscape unit
i to a certain movement; m, n represents the number
of landscape units i and ecological sources j respec-
tively.

2.2.2 Identification method of ecological
source

Ecological source is the “source” of ecological
land protection. It generally selects areas with strong
ecological function and rich biodiversity. It is the
habitat of existing species and the source of species
exchange and diffusion. It is of great significance in
meeting the ecological needs of rare earth mining
areas and the integrity and healthy stability of land-
scape pattern”®?'", The construction of ecological
source shall at least meet the following three princi-
ples:

1) It is necessary to select the ecological source
in the area with high habitat quality. Habitat quality
refers to the living environment quality around spe-
cies, which decreases with the increase of land use
type intensity near the area””. Generally, it is defined
as a large area of water and a large area of massive
vegetation suitable for species habitat.

2) It is necessary to comprehensively consider
the species diversity, land use type and environmen-
tal quality of the area in combination with the actual
ecological status and land use of the mining area, so
as to select the ecological source according to local
conditions.

3) It is necessary to select the area with high
ecological service function and can provide suitable
habitat for species as the ecological source, which
can make the ecological environment develop in a
healthy direction and better serve the ecosystem.



3. Construction of comprehensive
spatial resistance surface

The important influence on the construction of
MCR model is the selection of its resistance fac-
tor’™!. The rare earth ore research area in this paper
is located in the hilly area of southern China. Ac-
cording to the complex surface characteristics, the
resistance factors such as slope, land use type and
elevation that have a great impact on the mining en-
vironment are selected.

1) Land use type. The closer the land use type
is to the protection source type in the study area, the
smaller its resistance to the exchange and diffusion
between species and its resistance value will be. The
tailings land caused by rare earth mining is the most
important factor affecting the ecological security of
the mining area. As a land use type, combined with
the unique landscape of the rare earth mining area,
the land use type factor is determined to be the most
important of all factors, and its weight is given to
0.8"4,

Due to the particularity of each study area, the
land use types are different. At present, the research
on the resistance value of land use types is mostly
aimed at cities or larger areas. Due to the particular-
ity of Gannan rare earth mining area, the resistance
coefficient should be given its own value in combi-
nation with the actual situation of the mining area.
In this paper, combined with the actual situation of
rare earth mining area, various ground objects are ar-
ranged in the order of resistance from small to large,
as follows: vegetation < water body, reclaimed vege-
tation < orchard < farmland < road < building < sed-
imentation tank (including high-level tank) < tailings
land. See Table 1 for details. It can be seen from the
table that the vegetation with the lowest resistance
coefficient in the mining area has the greatest service
value to the ecosystem; The resistance of reclaimed
vegetation is also small, because it is closely related
to the source land; Water body has little influence on
ecological security pattern, and its resistance coeffi-
cient is also small. However, the mined tailings land
is easy to cause many ecological problems such as
soil environmental damage and water and soil loss,
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which makes its ecological service value the small-

est, so the resistance coefficient is the largest com-
[13,22,25].

pared with other types

Table 1. Resistance factor and drag coefficient of land use type
in mining area

Resistance factors Resistance coefficients
Vegetation 1

Reclaimed vegetation
Water body

Orchard

Farmland

Road

Building

O 0| | | W[ D]

Sedimentation tank
Tailing land 10
2) Slope. Rare earth mining area is located in

typical hilly and mountainous areas, with significant
soil and water loss. Slope is one of the influencing
factors of land environmental problems such as land-
slide and soil erosion. In addition, it will also have
a certain impact on species exchange and ecological
flow diffusion in rare earth mining areas”**”’. There-
fore, when constructing the ecological pattern of
rare earth mining area, the influence of slope should
be considered. Based on the DEM data of rare earth
mining area, this paper extracts the relative slope of
rare earth mining area as one of the resistance fac-
tors. Since the mountain slope in the mining area is
relatively gentle and the impact of slope is relatively
small, this weight is given 0.1. According to the ac-
tual situation of rare earth mining area, the slope fac-
tors are classified. See Table 2 for details of different

- . 13,25
grades and resistance coefficients! >,

Table 2. Slope resistance factor and resistance coefficient in the
mining area

Resistance factors

Resistance coefficients

0°~5° flat slope

1

5°~15° gentle slope 3
15°~25° steep hill 5
25°~35° steep slope 7

>35° extremely steep slope |10

3) Altitude. Elevation will also have a certain
impact on species migration and the diffusion of
ecological flow. When species migrate in areas with
similar elevation, it will be easier to pass, otherwise
it will be more difficult. The elevation is regarded
as one of the resistance factors in this paper, and its



weight is given to 0.1. Since the elevation of the rare
earth mining area in this paper is between 290 ~ 8§00
m, it is classified into four resistance factors. The re-
sistance coefficients of different grades are shown in
Table 3",

Table 3. Height resistance factor and drag coefficient of mining
area

resistance coefficients, the cost-distance tool in
ArcMap software platform is used to obtain the re-
sistance surface data of land use type, elevation and
slope after calculation. The resistance surfaces of the
three resistance factors are superimposed according
to the weight. The superimposed formula is: slope
factor resistance surface x 0.1 + elevation factor

Resistance factors (m) Resistance coefficients
<300 1
300~400 3
400~600 5
600~800 8

resistance surface x 0.1 + resistance surface of land
use type factor x 0.8, the minimum cumulative resis-
tance surface models of the study area in 2009, 2013

According to different resistance factors and

—
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and 2018 are obtained after calculation by superposi-
tion formula (Figure 2).
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Figure 2. Schematic diagram of ecological sources in different years.
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Figure 3. Model of minimum cumulative resistance surface in different years.

It can be seen from Figure 2 that the overall re-
sistance value of rare earth mining area was high in
2009. The main reason for this situation is that in the
three years studied in this paper, the tailing land area
of rare earth mining area was the largest in 2009, and
the tailing land area gradually decreased after 2009.
However, the tailing land is the largest resistance
factor of the resistance factor of land use type, so it
has a great impact on the overall ecological resis-
tance value of rare earth mining areas.

4. Analysis on landscape ecological
security pattern of rare earth min-
ing area from 2009 to 2018

4.1 Spatial distribution of ecological source

According to the above source selection prin-

ciples and landscape ecology knowledge, we know
that high-quality ecological source areas have high
ecological services and their value. Most scholars
at home and abroad directly select ecological parks,
large-area vegetation or water areas as the source of
ecological security pattern™™. However, according
to the field investigation and the actual situation, the
rare earth mining area in southern Jiangxi is located
in the low mountain and hilly area in the south, and
the vegetation is the main land use type. Therefore,
the area with dense vegetation and of more than 10
km’ is selected as the ecological source (Figure 3)
™1 Due to the long-term large-area rare earth mining
in the middle of the area in 2009 and 2013, the veg-
etation in the middle of the mining area is seriously
damaged, and the ecological source is mainly distrib-
uted on the east and west sides. However, after 2013,
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the environmental protection department has formu-
lated and implemented some mining area reclama-
tion measures, and the ecological environment of the
mining area has been improved to a certain extent.
By 2018, based on the distribution characteristics
of the first two years, the ecological source has also
increased to a certain area in the south of the mining
area.

4.2 Construction of ecological security pat-
tern

The construction of landscape ecological pattern
can effectively guide people’s production activities in
the mining area, including the ecological restoration
and planning of key vulnerable areas, as well as
the balanced and sustainable development between
economy and ecology, so as to provide a theoretical
basis for the rational planning of mining land. To
construct the landscape ecological pattern, besides
the selection of ecological source, it is also necessary
to distinguish, select and combine the ecological
corridor, ecological node, radiation channel, patch
and ecological matrix""”. Based on the cost-distance
analysis technology, through the construction of eco-
logical resistance surface and the synthesis of mini-
mum cumulative resistance surface for the selection
of ecological sources, it is also necessary to extract
ecological corridors, nodes and radiation channels,

2.2009 Year

~——Radiation cha

Resistance value

5042.11
|

0

® Ecological node

nnel

Ecological corridor

! I Ecological source

so as to form the ecological security pattern of rare
earth mining areas.

1) Identification of ecological corridor. Ecolog-
ical corridor refers to the most efficient path for the
maintenance and diffusion of different species, that
is, the low resistance valley line between the two
sources” . This paper identifies the ecological corri-
dor based on hydrological analysis, so as to connect
the two adjacent source patches in the mining area.

2) Radiation channel is similar to ecological cor-
ridor?. Tt plays a channel role in species diffusion
and maintenance, that is, it is a low resistance valley
line for the outward diffusion of ecological source,
which plays a key role in the protection of species
diversity and the evolution and development among
species.

3) The ecological node is the tangent point of
the equal resistance line between the ecological
sources according to the morphological characteris-
tics of the minimum resistance model of the mining
area, so it is regarded as the ecological node of the
rare earth mining area*",

According to the landscape ecological security
pattern of rare earth mining area in 2009, 2013 and
2018 (Figure 4), the number of 3a ecological corridors
is 1, 4 and 6 respectively. The number of radiation
channels is 14, 16 and 19 respectively, and the number
of ecological nodes is 1, 4 and 6 respectively.

- l b.2013 Year

| Radiation channel

“Ecological corridol

Ecological source

c.2018Year

®Ecological node
~——Radiation channel

~ Ecological corridor
B Ecological source

Resistance value

Figure 4. Integrated ecological security pattern of rare earth mining areas in 2009, 2013 and 2018.
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Compared with 2009, the ecological source
area, ecological corridors, radiation channels and the
number of ecological nodes in the rare earth mining
area increased in 2013, and the maximum resistance
value decreased. In 2009, due to excessive mining
in the middle of the mining area, a large amount of
tailings was accumulated and the resistance value
was high. The ecological source areas were mainly
distributed in the east and west. There was only one
ecological corridor and a small number of radiation
channels, which greatly hindered the circulation of
species between the east and the west. Combined
with the images and field investigation, it can be
seen that in 2013, due to the introduction of a series

of environmental protection measures, such as the
wide application of in-situ leaching technology, tail-
ings land reclamation, returning farmland to forest,
mining standardization, etc., the vegetation in the
mining area has been protected to a certain extent.
The area began to grow, and the ecosystem began to
repair itself or man-made. It can be seen from Table
4 that the total area of source patch in the mining
area in 2009 was 34.833 km’, mainly concentrated in
the vegetation position. The total source area in 2013
was 37.286 km’, an increase of 2.452 km’ compared
with 2009. The source of the mining area tends to
shift to the west, and the source areas in the middle
and west have increased (Figure 5).

Changes in the source of
the mining area

from 2013 to 2018
Change of mining area
source from

2009 to 2013

No change of mining
area source

from 2009 to 2013
Zero mining area
source area

Figure 5. Spatial change of ecological source of rare earth mining areas in 2009-2018.

Table 4. Changes in ecological source area of rare earth mining
areas in 2009—-2018 (km?)

Year Total area of ecological source [Area change
2009 [34.833 -

2013 |37.286 Increased 2.452
2018 [36.465 Decreased 0.82

Note: — means no data was available.

Compared with 2013, the area with high resis-
tance value in rare earth mining area decreased, and
the part with high resistance value moved eastward
in 2018. Besides, the number of ecological corridors
increased by 2, and the number of radiation channels
increased by 3. Combined with Figure 5 and Table
4, it can be seen that the ecological source area is
distributed in the east-west south, and some source

areas are transferred to the south. The total source
area is 36.465 km’, which has decreased by 0.820
km’ compared with 2013, and the source area has be-
come more concentrated, mainly because the source
growth location was originally the tailings land of
the mining area, and the land has been seriously
damaged.

After 2013, benefiting from the instructions of
Several Opinions of the State Council on Supporting
the Revitalization and Development of Gannan and
Other Former Central Soviet areas (http://www.gov.
cn/zhengce/content/2012-07/02/content_4618.htm),
the ecological environment in southern Jiangxi has
been highly concerned by the party and the state.
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Since then, the environmental protection department
has issued a series of policies for the treatment of en-
vironmental problems in rare earth mining areas, and
invested a lot in the treatment of ecological and en-
vironmental problems in rare earth mining areas. In
these five years, the ecological security of the mining
area has been further improved.

The ecological corridors in rare earth mining ar-
eas are mainly connected to two large source patches
in the East and West. However, due to the accumu-
lation of a large number of rare earth ore points in
the middle of the mining area and the exploitation of
rare earth ore points, there are a large number of rare
earth tailings and sedimentation tanks in the middle
of the mining area, so the resistance value in the
middle of the mining area is high and there is poor
connectivity between the eastern and western parts
of the mining area. For only one ecological corridor
connecting the eastern and western ecological source
patches, and the two ecological corridors intersect
with multiple roads and rare earth tailings, there are
multiple vulnerable parts with insufficient stability.
Once any problem occurs, it may lead to the fracture
of the overall ecological structure of the mining area.
The ecological nodes located in the mining points
and construction areas are relatively dense, and its
construction goal is to build a secondary source for
the maintenance of ecological functions in the min-
ing area. In this case, this type of ecological nodes
are also most vulnerable to human interference and
destruction, so the construction and protection of
this type of ecological nodes should be strengthened.
Due to the large number of sedimentation tanks
and tailings in the central area of the mining area,
affected by rare earth mining activities, it will also
interfere with the ecological corridor and ecological
nodes, which reduces the stability of the ecological
security pattern of the mining area.

There is little difference in the size of patches
in the ecological source areas of rare earth mining
areas, and the distribution is relatively concentrated.
The number of ecological corridors is small. The
ecological nodes are mostly distributed near rare
earth tailings and buildings. The connectivity and
stability between the east and west parts are low, but
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the overall ecosystem stability is constantly improv-
ing in these 9 years, so relevant departments also
need to further plan the ecological security space of
rare earth mining areas.

5. Optimization measures of ecologi-
cal security in rare earth mining ar-
cas

As the core area of the landscape ecological
security pattern of the mining area, the ecological
source is an insurmountable red line for rare earth
mining and residents’ life. The overall goal of the
optimization of the ecological source of the rare
earth mining area is to protect the existing ecological
source and continuously expand the area of the eco-
logical source. During the nine years, the ecological
source areas on the east and west sides of the rare
earth mining area are relatively stable and are the
object of key protection and construction. Protective
measures such as building buffer zones around them
can be taken to protect the original vegetation and
make it better play its role of ecological service; with
the goal of restoring the original condition, the rec-
lamation is accelerated at the junction of the original
vegetation and the mining area. For the small patch
sources increased in the later stage, artificial interfer-
ence should be reduced to prevent damage, and con-
struction and human activities of any nature should
be prohibited to make them develop in the natural di-
rection; For the area where the reclaimed vegetation
becomes the source, because the vegetation coverage
of the area is low and belongs to the ecologically
weak area, measures such as supplementary planting
and fertilization should be taken to accelerate the
growth.

To increase the construction of ecological corri-
dors in the East-West source areas, in the process of
construction, the primary vegetation in the mining
area should be selected, and a reasonable corridor
width should be formulated according to the land use
type, slope and elevation of the mining area, and the
resistance value should be reduced to build the best
ecological corridor in the mining area, reduce the
flow obstruction between species in the East-West
ecological source areas, and strengthen the connec-



tivity between the East and the West. The ecological
corridor in the central area is increasing year by year,
which is the concentration area of mining points.
When the ecological corridor passes through arti-
ficial landscapes such as buildings, sedimentation
tanks and roads, appropriate isolation zones should
be established around the environment, buffer zones
should be established by strengthening the construc-
tion and protection of artificial green spaces, and
more ecological corridors and radiation channels
should be built around the ecological source and it
shall strengthen connectivity between sources. In
previous years, farmland and orchards were main-
ly concentrated in the east, but in recent years, the
construction of ecological corridors in this area has
become better and better, and the number has grad-
ually increased. When the corridors intersect with
farmland or orchards, the natural components of the
ecological corridor area or the land use types similar
to the natural components should be preserved, so as
to improve the ecological stability and prevent the
fracture of the overall ecological corridor.

From the landscape ecological security pattern
of the constructed rare earth mining area for 3 years,
it can be analyzed that more ecological nodes are
located near the tailings land of the mining area,
which is also the weak part of biological exchange
in the mining area. Especially in the part with high
resistance value in the middle, the land use types are
mostly tailings land and sedimentation tank. The rec-
lamation measures for this location should be accel-
erated. The main land use types should be planting
vegetation or building other land use types with low
resistance coefficient. It is strictly prohibited to carry
out rare earth mining, production and construction
in the area of ecological nodes, so as to reduce the
interference of human activities.

6. Conclusion and discussion

In this paper, patches with important ecological
significance are extracted as the ecological source,
and three factors as land use type, slope and eleva-
tion, which have a great impact on the ecological
environment of the mining area, are selected to con-
struct the ecological resistance surface based on the
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MCR model. On this basis, the best ecological corri-
dor between adjacent ecological sources and the ra-
diation channel connecting with the outside are iden-
tified, the ecological nodes with important ecological
significance are determined, and the security pattern
for protecting species diversity is constructed. The
conclusions are as follows:

1) From 2009 to 2013, the area with high re-
sistance value in the mining area decreased year by
year, the location of ecological source continued to
shift to the direction of high resistance value, and the
source area also increased, which was concentrat-
ed in the east and west sides. The original land use
types on the east and west sides were mostly tailings
land and farmland, the area of reclaimed vegetation
also increased, and the ecological pattern of the min-
ing area became more and more reasonable. Land
damage caused by mining has improved.

2) In the three years studied, the number of eco-
logical corridors, radiation channels and ecological
nodes in the mining area has increased, but the con-
centration area of mineral points in the middle is still
the place with the highest resistance value, and the
ecological security status of this area is the worst in
the region. Moreover, the ecological corridors mostly
intersect with roads, rare earth tailings and farmland,
forming an ecological fragile area in the corridor. In
order to maintain the stability of the ecological pat-
tern and the connectivity of the ecological corridor,
we should strengthen ecological regulation, focus
on protecting the ecological land around the mining
sites and timely reclamation, and advocate returning
farmland to forest and primitive land use types, so as
to ensure the circulation among species.

Considering the landscape connectivity of the
mining area, the protection of biodiversity and the
stability of the regional ecosystem, this paper com-
prehensively constructs the landscape ecological
security pattern of the rare earth mining area, obtains
the corresponding optimization measures for the
landscape ecological security of the mining area and
establishes the ecological corridor construction of
the rare earth mining area, and makes the ecological
security pattern of the mining area more systematic
and complete. However, there remain some limita-



tions. It is one-sided to only select vegetation as the
source patch identification while ignoring other land
use types that may have little impact on the whole
area but are of great importance to the local area,
which should be further explored in the future re-
searches.
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