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Abstract. Studying the spatial distribution of soil organic matter (SOM) and exploring its driving factors in
semi-arid grassland open-pit coal mining areas is crucial for sustaining ecological development and security.
Currently, research on SOM in mining areas lacks large-scale investigation, sampling, spatial distribution, and
driving force research for semi-arid grassland open-pit coal mining areas, and it is unable to comprehen-
sively grasp the distribution characteristics and driving force of SOM in open-pit coal mines. In view of this,
this study took the Shengli Coal Field in Xilinhot City, the hinterland of Xilingol Grassland, as an example to
research the spatial distribution and driving forces of SOM in the semi-arid grassland open-pit coal mining
area. The results show that: (1) Areas with high SOM content were mainly distributed in the north of open-
pit germanium mine, west No. 2 open-pit mine, and No. 1 open-pit mine. Areas with low SOM content were
mainly distributed on the east and southeast sides of the city. From the spatial distribution perspective, min-
ing has a certain impact on SOM in the study area. (2) Natural factors have a higher impact on SOM changes
than human factors. The order of influence degree of each factor on the spatial distribution of SOM is NDVI >
Water > Agriculture > Mine > Town > Industry. The sources of influence on SOM in the research area are
relatively complex. (3) The interaction between two factors presents two relationships: nonlinear enhance-
ment and dual-factor enhancement. A single factor is lower than the interaction between various factors. In
the interaction between factors, the explanation rate of interaction between Town, Agriculture, Mine, NDVI,
Water, and all other factors is above 0.85. This study has important practical significance for soil management
in mining areas, ecological restoration, and planning of national land space, etc.

Keywords: soil organic matter, open-pit mining areas, spatial distribution, driving forces, semi-arid grassland.

MCorresponding author. E-mail: wzhdjtc@126.com
MM Corresponding author. E-mail: yugiao@jsnu.edu.cn

1. Introduction

of China’s economic construction, on the other hand, has
also brought a series of ecological and environmental is-

China leads the world in coal production, consumption,
and import. Coal is one of the most important basic ener-
gy and chemical raw materials in China, and has an impor-
tant strategic position in the development of the national
economy (Edenhofer, 2015). The large-scale exploitation
of coal resources, on the one hand, has met the needs

sues. Currently, coal resources in central and eastern Chi-
na are increasingly depleted production is shrinking, and
coal development is accelerating the transfer to western
and northern regions such as Inner Mongolia and Xinji-
ang, where the ecological environment is fragile. Due to
the non-selective location of coal mines, the exploitation
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and utilization of mineral resources inevitably occupy and
destroy a large amount of land where coal resources
are located, and at the same time affect and pollute
the surrounding ecological environment, resulting in
serious damage to the original ecological environment
and a series of unavoidable ecological environmental
problems. According to the different mining methods
of coal, coal mining is divided into underground mining
and open-pit mining (Wu, 2020). Open-pit mining is the
direct stripping of topsoil and overlying strata of the ore
layer, exposing the ore layer before mining, and stack-
ing the stripped rock, soil, gangue, tailings, and other
wastes in layers inside and outside the mining area to
form a stepped pagoda shaped waste dump with al-
ternating platforms and slopes. Open-pit mining coal
mining has irreversible effects on the physical, chemical,
and biological properties of the soil in the mining area
(Feng et al.,, 2019). The main elements of mine recla-
mation are soil, plants, water, microorganisms, and so
on, among which soil is the most important element of
reclamation.

Soil is the life layer in the earth’s surface system,
with the richest biodiversity and the most active bio-
geochemical energy exchange and material cycle (trans-
formation). Soil organic matter (SOM) refers to organic
compounds that exist in the soil in various forms, in-
cluding humus (i.e., substances formed by decomposi-
tion and transformation of dead residues such as plants,
animals, and microorganisms entering the soil) and
plant residues (Zhang, 2018). The content of SOM is an
important indicator of soil fertility. SOM is not only a
supporter of various nutrients required for plant growth
but also determines the formation of soil structure and
improves soil physical properties (Tao, 2014). SOM is an
important source of various nutrients in the soil, provid-
ing plants with the nutrients they need, and playing an
important role in the formation of soil structure and the
improvement of physical properties. It is known as the
“nutrient bank” of plants, and its content is an impor-
tant indicator of soil fertility (Cheng et al., 2009). SOM
also plays an important role in improving soil structure
and texture, as well as coordinating physical properties
such as soil fertilizer, water, heat, and air. Its dynamic
changes affect soil fertility characteristics and water salt
movement (Wang et al., 2012b). Revealing the spatial
distribution and changing characteristics of SOM can
ensure soil quality, improve crop yield, and increase soil
carbon sink, thereby achieving sustainable development
of agriculture and animal husbandry. The spatial dis-
tribution of SOM is of great significance to the global
carbon cycle, food production, and other issues (Luo
et al,, 2022). Especially in grassland ecosystems, SOM is
the largest organic carbon pool, accounting for about
90% of the entire system’s organic carbon. SOM is the
center of plant nutrient cycling (Gao et al., 2004).

Soil is the foundation of agricultural and animal hus-
bandry production and the key to rebuilding the ecosys-
tem of mining areas. Studying the spatial distribution and
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driving forces of SOM in mining areas has scientific guid-
ing significance for the practice of land reclamation and
ecological reconstruction. Nan Xia et al. conducted spatial
analysis of SOM content in desert mining areas and found
that the average SOM content in industrial and mining
land was the highest at 7.35 g/kg (Xia et al., 2016). Zhang
et al. (2018) studied the impact of coal mining subsid-
ence on the spatial variability of SOM content in the loess
region. Wang et al. (2012a) studied the succession law of
reclaimed soil quality in the open-pit mining mine waste
dump in the grassland area. Zhang et al. (2020) studied the
spatial distribution of SOM in the coal mining subsidence
area of Zhaogu Mine in Henan Province, China. Zhang
et al. (2023) believe that the effects of mining activities
on the SOM vary depending on the soil depth. Studying
the influencing factors and spatiotemporal variability of
SOM content in mining areas is not only important for
understanding the changing laws of soil quality in mining
areas, but also has important guiding significance for the
selection of soil covering technology and vegetation types
in waste dump sites (Li et al., 2016). Although scholars
from various countries have conducted a large amount
of research on SOM in mining areas, the current focus
is mainly on small-scale research within the mining area,
and there is a lack of large-scale investigation, sampling,
spatial distribution, and driving force research on SOM in
open-pit mining mines in semi-arid grassland areas, which
makes it impossible to grasp the overall distribution char-
acteristics of SOM in open-pit mining mines, it is even
more difficult to grasp the impact of open-pit coal mining
on SOM in surrounding farmland and pastures, especially
for open-pit coal mining in ecologically fragile areas such
as semi-arid grassland. In view of this, this study aims to
(1) determine the content of SOM in the Shengli coal-
field and its surrounding area in Xilinhot, Inner Mongolia
Autonomous Region, China; (2) analyze the characteristics
of the spatial distribution of SOM in the semi-arid grass-
land open-pit coal mining area; and (3) analyze the driving
forces of the spatial distribution of SOM in the semi-arid
grassland open-pit coal mining area.

2. Materials and methods

2.1. Study area

The study area is located in Shengli Mining Area, Xilin-
hot City, Xilingol League, China (Figure 1). Xilinhot City
is an important ecological barrier in northern China,
belonging to the northern ecological function zone of
wind prevention and sand fixation in China’s ecological
function zoning. Shengli Mining Area is located in the
core area of Xilingol Grassland. The geographical co-
ordinates of the study area are 115°24'26"~116°26'30"
E, 43°54'15"~44°13'52" N. The study area belongs to a
temperate semi-arid continental monsoon climate, with
short spring and autumn, no intense heat in summer,
and long winter. The soil types mainly include chest-
nut soil, meadow chestnut soil, meadow soil, etc. Some
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Figure 1. Location of the study area

areas present sandy and gravelly chestnut soil due to
grassland degradation, with low SOM content and poor
soil fertility. The natural vegetation type is generally
dominated by typical grassland vegetation. The geo-
morphology consists of four geomorphic units: tectonic
denudation terrain, denudation accumulation terrain,
erosion accumulation terrain, and lava platform.

2.2. Data source and processing

The data sources are shown in Table 1. ENVI 5.1 soft-
ware is used for remote sensing image preprocessing.
The Normalized Difference Vegetation Index (NDVI) is
calculated using the band operation method (Equa-
tion (1)). The land classification system and data in 2017
were based on existing research results (Wu et al., 2021,
2022) (Figure 2). The Distance To the Nearest (DTN)

Table 1. Data source

Name Source
Geographical State Monitoring Cloud Platform
DEM :
website
Landsat 8 | US Geological Survey website

townland, the DTN agricultural land, the DTN industrial
storage land, the DTN mining land, the DTN road net-
work land, and the DTN water land are obtained using
the European distance method in ArcGIS spatial analy-
sis. The mining land consists of open-pit, waste dump,
and mining industrial square land in the mining area.
The slope and aspect are calculated using Topographic
Modeling in ENVI.

NDVI = PR ~Pred 1
PNiR T PRed

where ppo4 stands for the red band, pyz stands for the
near-infrared band.

2.3. Collection and testing of soil samples

152 surface soil samples were collected in August 2017
(Figure 3). In this study, a dedicated soil sampler was
used to collect soil samples. The depth of the soil sam-
ples is 0-20 cm. Mark the polythene bags containing
the soil samples and take photographs of the site. SOM
was determined by the potassium dichromate-external
heating method.

Legend:
I Open-pit
["1 Waste Dump
. % ‘ I Mining Industrial Square Land

WY ¥ | I Town Commercial and Residential
‘22\,: - Service Land
7N\ | I Industrial Storage Land

I Greenland
[ ] Water Land
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[ Extremely Healthy Grassland Land

[] Unhealthy Grassland Land
» B Agricultural Land

I Road Network Land
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Figure 2. Land use classification map of the study area
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Figure 3. Spatial distribution of soil sample plots

2.4. Making of the spatial distribution map of
soil heavy metals

SOM data were identified as outliers using the mean
+3 times the standard deviation, and data outside this
range were marked as outliers and replaced with the
maximum and minimum values of the normal data, re-
spectively. SPSS software was used to conduct descriptive
statistical analysis, K-S test, and one-way analysis of vari-
ance on the sample data. Canoco software was used to
analyze the typical correspondence between terrain factors
and SOM. Semi-variance function analysis and theoretical
model fitting were carried out through the geo-statistical
software GS+9.0. Conduct trend effect analysis, Kriging in-
terpolation, and cross-validation on the ArcGIS platform,
as well as map editing to produce a spatial distribution
map of SOM (Zhao et al., 2020).

2.5. Analysis method for driving forces of
spatial distribution of SOM of open-pit coal
mining area

According to the characteristics of the study area and the
needs of this study, elevation, slope, aspect, vegetation
(NDVI), and DTN water are selected as natural driving
factors in this study. The DTN mining land, the nearest
townland, the nearest industrial storage land, the nearest
agricultural land, and the nearest road network land are
selected as human driving factors. The geographic detec-
tor is a new spatial statistical method that was first pro-
posed by Jinfeng Wang et al. to detect spatial heteroge-
neity and reveal driving factors (Wang & Xu, 2017; Wang
et al., 2016b). This study mainly applies its two functions
of factor detection and interaction detection to carry out
research.

(1) Spatial differentiation and factor detection. The
spatial heterogeneity of detection y(SOM) and the extent
to which detection of each factor explains the spatial het-
erogeneity of the attribute y(SOM). Measured with a g
value, the expression is:
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L
2
2
1 h=1

g=1- @

No?
where g represents the interpretation rate of the influenc-
ing factor, with a value range of 0 to 1. The larger the g
value, the stronger the interpretation rate. The X and Y
variables are superimposed in the Y direction to form an
L layer, represented by h = 1, 2, 3,.., L. N;, and N are the
sample numbers of the subregion h and the entire region,
respectively. o7 and o?is the discrete variance of the sub-
region h and the entire region Y, respectively

(2) Interaction detection. Identify the interactions be-
tween different independent variable factors, that is, evalu-
ate whether the combined effects of factors X; and X will
increase or decrease the explanatory power of the depen-
dent variable y. The evaluation method is to first calcu-
late the g values of the two factors X; and X, for y: g(X4)
and g(X5), and calculate the g values when they interact:
q(X1nX5), and compare g(X7), q(X;), and g(X;nX5). Table 2
shows the relationship between the two factors.

Table 2. Types of interaction between two covariates

Interaction types Judgement criteria
q(X1nX5) > q(Xq) and g(X5)
qX1nXy) > q(Xq) + q(X)
qX1nXy) < q(Xq) or g(X)
qX1nX3) < q(Xq) and q(X)

qX1nX3) = q(X7) + g(X3)

Enhance, bivariate

Enhance, nonlinear

Weaken, univariate

Weaken, nonlinear

Independent

Xy and X, represent the impact factors of vegetation
degradation. The symbol “n" represents the interaction
between X; and X.

3. Results

3.1. Spatial distribution of SOM
in the open-pit coal mining area

In this study, the natural breakpoint method was used to
divide SOM spatial distribution into three parts: low, mod-
eled, and high-content regions of SOM. The basic idea of
the natural breakpoint method is to minimize the average
deviation between each category and the average value
of the category and to maximize the deviation between
each category and the average value of other categories
(Ding et al., 2019). As can be seen from Figure 4, areas
with high SOM content are mainly distributed in the north
of open-pit germanium mine, west No. 2 open-pit mine,
and No. 1 open-pit mine. Areas with low SOM content
are mainly distributed on the east and southeast sides of
the city. Overall, the SOM in areas far from the city is rela-
tively high. The reason behind this is that areas far from
cities are mainly pastures, so animal manure can increase
SOM content. As can be seen from Table 3, the spatial
distribution of SOM content shows a normal distribution
pattern. The area of the Modify Content Regions of SOM
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Figure 4. Spatial distribution map of SOM

is the largest, 5 times the area of the Low Content Regions
of SOM, and 93 times the area of the High Content Re-
gions of SOM. The distribution of High Content Regions of
SOM s relatively scattered, while the distribution of Low
Content Regions of SOM is relatively centralized. From the
spatial distribution perspective, mining has a certain im-
pact on SOM in the study area.

Table 3. Area and proportion of low, moderate, and high
content regions of SOM

/ \

Low content Moderate High content
Types regions of content regions regions of
SOM of SOM SOM
Areas (km?) 142.05 706.57 7.60
Proportion 13.91% 69.18% 0.74%

3.2. Driving forces analysis of the spatial
distribution of soil organic matter

(1) Single-factor analysis of detection factors

From Figure 5, it can be seen that NDVI, the DTN townland,
the DTN agricultural land, the DTN mining land, and the
DTN water all exceed 0.8 for the g value of SOM, indicat-
ing that NDVI, town, agriculture, mining, and water have

¥

el
' Legend:

I Town Commercial and Residential Service Land
I Industrial Storage Land

I Agricultural Land

I Greenland

I Road Network Land

[ ] Water Land

[ Scope of the Mining Areas

I High Content Regions of SOM

1 Moderate Content Regions of SOM

[ ] Low Content Regions of SOM

0 5 10 km

Scale:

a strong driving effect on the spatial distribution of SOM.
The DTN industrial storage land has a g value of more
than 0.6, indicating that industry has a significant driving
effect on the spatial distribution of SOM. The g values of
distance, elevation, slope, and aspect to the nearest road
network land are all less than 0.4, indicating that these
four driving factors have no significant driving effect on
the spatial distribution of SOM.

From the perspective of the entire study area, natural
factors have a higher impact on SOM changes than human
factors. Li et al. (2024) obtained similar results.The order
of the impact of each factor on the spatial distribution
of SOM is: NDVI(0.995009) > Water(0.921762) > Agricul-
ture(0.870131) > Mining(0.842113) > Town(0.830109) > In-
dustry(0.647151). Among natural factors, NDVI and water
area have the most significant impact. The g values of
NDVI and water area are 1.00 and 0.92, respectively, with
an interpretation rate of over 90%. Among human factors,
agriculture, mining, and town have a significant impact
on the spatial distribution of SOM, with g values of 0.87,
0.84, and 0.83, respectively, with an explanatory power of
over 80% (Figure 5). Water bodies and areas with high
vegetation coverage will attract animals, thereby increas-
ing SOM content. Continuous fertilization of agricultural

Town
Agriculture
Industry
Mine

Road
‘Water
Altitude
Aspect
Slope
NDVI

0.647151

Legend:

Ry
%,
“

)
B

Figure 5. Interaction detector results of spatial distribution driving factors of SOM



land can also increase SOM content. Continuous human
disturbance around urban and industrial areas can cause
soil compaction, leading to a decrease in SOM content. It
can be seen that the sources of influence on SOM in the
research area are relatively complex.

(2) Analysis of interaction between detection factors

As can be seen from Figure 5, the interaction be-
tween the two factors shows two relationships, namely
non-linear enhancement and two-factor enhancement,
with no independently acting factors. In the interaction
between factors, the explanation rate of interaction
between Town, Agriculture, Mine, NDVI, Water, and all
other factors is above 0.85. The eight groups with an
interpretation rate of 1.000000 for the spatial distribu-
tion of SOM by the interaction between two factors are
Town n NDVI, Agriculture n Water, Agriculture n NDVI,
Industry n Water, Mine n Water, Mine n NDVI, Road n
NDVI, and Altitude n NDVI. The results show that Town,
NDVI, Agriculture, Water, Industry, Mine, Road, and Al-
titude interact together to affect the spatial variation of
SOM in the study area.

4. Discussion

4.1. Analysis of influencing factors of SOM

According to the results of this study, NDVI, water, mine,
town, agriculture, and industry all have an impact on
SOM. Vegetation is the nutrient source of SOM, and the
quantity and quality of its inputs have an important ef-
fect on the formation and transformation of SOM (Kirch-
mann et al., 2004). In the grassland environment, a large
number of dead roots of herbaceous plants enter the
recycling and transformation process of organic mat-
ter in the soil every year (Fang & Lin, 2024; Han et al.,
2022). The water conditions in semi-arid grassland areas
directly affect plant growth and residue input, as well
as indirectly affect the decomposition and accumula-
tion of SOM by influencing microbial activity. Under the
condition of insufficient water, the grassland ecosystem
is more conducive to the preservation and accumula-
tion of SOM. The reduction of litter input, destruction of
aggregates, and disturbance of microbial communities
caused by tillage activities are the main factors hinder-
ing the formation and transformation of SOM in farm-
land (Liu et al., 2010). In farmland, different cover crops
also play an important role in the formation process of
SOM (Fang & Lin, 2024). As a comprehensive reflection
of land activities, land use can change land productiv-
ity, soil quality, and fertility, thereby affecting SOM. The
impact of the town on SOM is mainly reflected in the
decrease in soil organic carbon density and soil fertil-
ity. The impact of industrial activities on soil organic
matter is mainly reflected in soil pollution, which not
only directly affects soil quality and agricultural produc-
tion, but also has a significant impact on global climate
change.
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4.2. Effects of coal open-pit mining on surface
soil organic matter

The semi-arid grassland has a flat terrain, and the greatest
impact of open-pit coal mining on ecology is the changes
in topography and geomorphology. As the elevation of
the open-pit continues to decrease, surrounding surface
water and groundwater converge towards the pit, indi-
rectly affecting the ecological function of the surrounding
area, and further affecting the content of surface SOM. The
external waste dump has a high terrain and unstable geo-
logical structure, which is extremely prone to water and
soil loss, and will also affect the ecological functions of the
surrounding areas, further affecting the content of organic
matter in the surface soil. Dust will be generated during
coal excavation, transportation, and production, and sub-
stances such as heavy metals in the dust will also have an
impact on the content of organic matter in the surface soil
in the surrounding area.

Water is the source of life, especially in semi-arid grass-
land areas. Water is the most critical factor affecting land-
scape ecological health. Groundwater is a key factor for
maintaining surface water resources and biological growth
in semi-arid grassland. The drainage of groundwater from
open-pit coal mining has led to the gradual drainage of
the phreatic aquifer in the semi-arid grassland, and the
water replenishment, runoff, and drainage conditions of
the groundwater have also changed. The groundwater lev-
el has decreased, resulting in a decrease in the runoff of
surface rivers in the semi-arid grassland, a cutoff of surface
water, a decrease in the ability to conserve and regulate
water sources, a gradual shrinkage of wetlands, a sharp
decline in biomass, and gradual degradation of grasslands,
further affecting the organic matter content of surface soil.

At the same time, the open-pit mining process gen-
erally adopts ultra-large off-highway truck drainage and
ultra-large wheel bulldozers for leveling. The use of large-
scale heavy machinery leads to the crushing of recon-
structed soil, the disturbance of soil internal structure, the
decrease of soil pore number, the decrease of connectivity
and water seepage capacity, and the increase of soil bulk
density (Liu et al, 2016; Bai & Zhao, 2001). Studies have
shown that the reduction of soil porosity is a substantial
problem causing soil compaction, which directly changes
the biology, physical, and chemical properties of soil, water
transport, and SOM status (Zhang et al,, 2016).

4.3. Remediation of soil organic matter in
mining areas

The ultimate goal of studying the spatial distribution and
driving forces of SOM in open-pit coal mining areas is to
guide the improvement and remediation of soil in min-
ing areas. Open pit mining destroys the structure of the
surface soil layer and vegetation distribution, greatly dam-
aging land resources. Through reclamation of the mining
area land, it can improve the soil structure and biology,
physical and chemical properties (Wang et al., 2012a).
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Remediation measures for SOM in mining areas mainly
include physical, chemical, biological, and engineering
measures (Wang et al., 2016a). Physical measures include
topsoil removal, guest soil removal, deep tillage, and soil
plowing. Chemical measures include acid, alkali, and salt to
improve soil acidification. Biological measures include the
application of organic fertilizers, sawdust, manure, organic
sludge, etc. Engineering measures can be summarized as
an integrated process of “stripping-disposal-reclamation”.
Shengli Coal Field is adjacent to the northern suburb of
Xilinhot City. Urban sludge and its compost are good or-
ganic fertilizers and soil conditioners, which have broad
application prospects in soil improvement and remedia-
tion in open-pit coal mines. At the same time, it can also
solve the problem of urban sludge disposal, with good
environmental, ecological, economic, and social compre-
hensive benefits through treating waste and turning waste
into treasure (Gao et al., 2016). Bryophytes play an impor-
tant role in vegetation restoration and soil nutrient enrich-
ment in mining areas. Bryophytes can serve as pioneer
species in damaged mines, overcoming extreme environ-
ments such as heavy metal pollution, poor soil, nutrient
imbalance, and drought in mining areas and settling well.
The accumulated bryophytes and humus can create condi-
tions for the settlement of other species (Chen & Zhang,
2010). Bryophytes can also form moss crusts, which can
greatly improve the ability of soil in coal mine reclamation
areas to resist wind and rain erosion (Feng et al,, 2022).
Therefore, it is possible to consider using bryophytes to
increase the content of SOM in the mining area.

4.4. Limitations and uncertainties

A total of 152 sample points were collected and tested
in this study. If more sample points were collected, more
accurate results of the spatial distribution of SOM would
be obtained. The research area is a regional complex inlaid
by various ecosystems such as industry (including ther-
mal power plants, cement plants, etc.), agriculture, animal
husbandry, mining (including coal, petroleum, germanium,
etc.), and cities. This study only uses the method of geo-
graphical detectors to analyze the driving forces of the
spatial distribution of SOM, without in-depth research on
the impact mechanism of various natural and human fac-
tors on the spatial distribution of SOM. In addition, con-
tinuous collection of SOM data for many years and analy-
sis of the spatial distribution and driving forces of SOM
in mining areas in time series can reveal more problems.
However, these limitations and uncertainties are not large
enough to affect the general results of this study.

5. Conclusions

This study took the Shengli Coal Field in Xilinhot City, the
hinterland of Xilingol Grassland, as an example to study
the spatial distribution and driving forces of SOM in the
semi-arid grassland open-pit coal mining area. The results
showed that: (1) The spatial distribution of SOM showed a

normal pattern, and the area of Moderate Content Regions
of SOM was the largest, which was 5 times that of Low
Content Regions of SOM, 93 times that of High Content
Regions of SOM. The distribution of High Content Regions
of SOM was relatively scattered, while the distribution of
Low Content Regions of SOM was relatively centralized.
Areas with high SOM are mainly distributed in the north
of open-pit germanium mine, west No. 2 open-pit mine,
and No. 1 open-pit mine. Areas with low SOM content
are mainly distributed on the east and southeast sides of
the city. From the spatial distribution perspective, mining
has a certain impact on SOM in the study area. (2) Natural
factors have a higher impact on SOM changes than human
factors. The driving factors that affect the spatial distribu-
tion of SOM include vegetation, water, mining, town, agri-
culture, and industry. The order of impact of each factor on
the spatial distribution of SOM is NDVI > Water > Agricul-
ture > Mining > Town > Industry. The sources of influence
on SOM in the research area are relatively complex. (3) The
interaction between two factors presents two relationships:
nonlinear enhancement and dual-factor enhancement. A
single factor is lower than the interaction between various
factors. In the interaction between factors, the explanation
rate of interaction between Town, Agriculture, Mine, NDVI,
Water, and all other factors is above 0.85.
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