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Criterion

Indicator

Proportion/

%

Evaluation of obstacle factors of ecological restoration in mining
area

Edaphic condition Total phosphorus content of soil 15.06 1361
Soil total nitrogen 8.48 7.6
Soil available phosphorus 648 5.86
content
Soil alkaline nitrogen content 256 233
Organic matter content 271 245
Site condition Gradient 1974 1784
Vegetation coverage Vegetation coverage 334 302
conditions
Ecological landscape Landscape fragmentation 13.40 1211
conditions
Patch density 15.06 1361
Shannon diversity index 256 231
Surface damage conditions Damage degree 2125 1920
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Description IMF1 IMF2 IMF3 IMF4 IMF5 Residual component

‘ period 10 36 86 100 100

‘ variance contribution 19.15% 30.05% 20.59% 1.82% 0 28.39%
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Climate factors Description

Residual component

LST period 10 36 79 | 92
variance contribution 17.3% 36.48% 19.75% { 116%
precipitation period 10 36 8 ‘ 9
variance contribution 22.85% 3451% 15.92% ‘ 122%
sunshine period 10 34 8
duration
variance contribution 36.86% 30.02% 19.07%
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Description IMF1 IMF2 IMF3 IMF4 IMF5 Residual component

‘ period 12 36 86 100 100

‘ variance contribution 1191% 1642% 8.98% 0.49% 0 622%
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Monitoring indicator Description

Aboveground Biomass Dry weight of each plant species within the unit area (g/m?)
Coverage Ratio of the vertical projection of aboveground plant parts to the ground area (%)
Dominant Species Species with significant influence on the community and minimal effect from other species
Height Distance of vegetation from the ground (cm)
Crown Width Diameter of the vegetation’s coverage range (cm)
Abundance Number of plants (individuals or clumps)

Growth Status Condition of plant growth, including health, withering, and pest conditions
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Area type Sunny slope Platform Background area

Crown Width (cm) 5 1077 883
Height (cm) i 233 1195
Abundance (individuals or clumps) X 243000 2,506.50

Coverage (%) g 74.00 86.00
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Area type Sunny slope Platform Background area

‘ Shannon Diversity Index 046 032 056
‘ Pielou Evenness Index 050 037 053

‘ Margalef Richness Index 0712 0.4339 14604
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Area type Sunny slope Platform Background area

*Sunny Slope 1
‘ Platform 0.73 1

‘ Background Area | 0.48 037 1 ‘
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Layer Criteriol

Evaluation of obstacle factors of ecological restoration in mining area Edaphic condition

Indicator

Soil total phosphorus 0.0840

Soil total nitrogen 00731

Soil available phosphorus 0.0833

Soil alkaline nitrogen 0.0886

Soil organic matter content 0.0988

Site condition Gradient 0.1014
Vegetation coverage conditions Vegetation coverage 0.0884
Ecological landscape conditions Landscape fragmentation 0.0846
Patch density 0.0796

Shannon diversity index 01125

Surface damage conditions Damage degree 0.1057






OPS/images/fenvs-13-1552181/fenvs-13-1552181-t005.jpg
Obstacle degree

Level Soil conditions Site condition Vegetation Ecological Surface damage
coverage landscape [elelgleliilely]
conditions conditions

Area/ Proportion/ Area/ Proportion/ Area/ Proportion/ Area/ Proportion/ Area/ Proportion/
km? % km? % km? % km? % km? %

level |

Level Il

Level Il

Level IV

Footing





OPS/images/fenvs-13-1552181/fenvs-13-1552181-g009.gif





OPS/images/fenvs-13-1552181/fenvs-13-1552181-g010.gif





OPS/images/fenvs-13-1552181/fenvs-13-1552181-t001.jpg
Data type Application

Raster DEM 2023 https://www.gscloud.cn/ Extract the slope data of the study area
Landsat 8/9 OLI satellite data | May 2023 hitps://www.usgs.gov Extraction of vegetation coverage in the study area
Vector Mining subsidence data 2003-2022 CHN Energy Shendong Obtain the degree of land damage in the study area

Coal Technology Research Institute
Land use data 2021 ‘The third national land resource survey | Get the ecological landscape data of the study arca

Fieldwork Soil data May 2023 Field collection Extraction of soil nutrient distribution in the study area
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No TN g/kg TP g/kg OM g/kg ANN mg/kg

Al 042 035 058 2

A2 0.14 021 | 0.12 8 08
A3 052 041 0.60 16 20
Ad 026 039 | 0.23 15 16
B 036 043 033 2 27
B6 024 043 | 028 16 20
B7 034 038 034 26 12
B8 038 045 0.21 19 038
B9 056 0.60 055 34 42
BI0 020 034 | 028 12 26
Bl1 035 047 043 38 21
B2 033 040 036 18 22
Bl4 043 051 048 12 22
BI5 062 0.66 073 32 26
Bl6 055 0.63 0.60 26 50
B17 068 058 0.69 25 24
BIS 044 050 0.44 28 26
B19 052 050 055 44 24
B20 040 053 | 0.40 28 10
B21 039 030 036 34 10
B22 045 035 033 33 20
23 | 053 0.40 | 071 I 31 24
cu 031 042 031 26 21
25 042 0.44 | 0.70 | 27 34
C27 051 073 0.76 32 34
c28 020 029 | 034 12 13
c29 056 042 057 30 22
30 021 046 0.13 16 56
C31 0.68 043 0.70 46 336
c32 044 043 | 048 27 16
C33 056 049 | 0.67 I 30 V 18
D34 032 045 0.56 20 20
D35 0.15 077 0.16 19 16
D36 026 0.64 047 16 24
D38 099 0.97 176 76 206
D39 0.19 0.63 022 46 18
D40 032 0.64 047 32 14
D41 037 0.40 | 039 40 24
D42 042 030 0.42 32 13
D44 034 028 | 038 25 18
D45 053 0.42 0.61 32 16
D46 052 041 0.69 38 46
D47 0.10 032 0.04 16 08
D48 017 032 0.14 18 11
D49 046 031 0.44 32 26
D50 046 041 | 0.44 20 32
D51 030 0.40 0.46 26 18
D52 041 047 050 33 29
D53 047 049 0.46 28 17
D54 039 058 037 20 16
D55 024 043 038 | 26 19
D56 0.60 057 | 0.67 2 24
D57 037 046 036 24 13
D58 023 051 ‘ 0.20 19 30
D59 038 057 0.20 20 06
D60 031 054 | 022 23 18
D61 038 043 034 23 16
D63 044 037 | 032 28 26
E64 046 030 0.64 13 35
E65 021 034 | 0.16 2 26
E66 026 049 0.20 28 12
E67 074 045 074 42 20
E68 042 0.44 | 042 27 22
E69 036 039 0.40 19 18
E70 0.16 030 0.10 15 28
E71 024 033 0.18 18 07
E2 032 028 035 16 20
E73 044 043 | 032 10 20
E74 024 035 0.14 16 14
E75 024 042 0.14 16 07
X1 047 0.56 050 32 32
X2 028 113 | 031 18 14
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Target layer Standardized layer Indicator layer Indicator

attributes
Level of ecosystem National land space GDP per unit of land 10,000 yuan/km® Positive
services
Built-up area as a proportion of urban area % Positive
Number of general higher educational institutions Count Positive
Per capita road area m? Positive
Housing area per capita m? Positive
Population density People/km® Negative
Afforestation area as a percentage of jurisdictional area % Positive
Per capita green area of parks m? Positive
Socioeconomic development Urbanization rate of permanent resident population % Positive
Tertiary industry as a proportion of GDP % Positive
Engel’s coefficient % | Negative
Investment in education 10,000 yuan Positive
Total labor productivity Yuan/person Positive
Per capita GDP Yuan Positive
Per capita disposable income Yuan Positive
Urban registered unemployment rate % Negative
Resource and energy use Land use per unit GDP m?/10,000 yuan Negative
Energy consumption per unit GDP Tons of standard coal/ Negative
10,000 yuan
Electricity consumption per unit GDP KWh/10,000 yuan Negative
Water consumption per unit GDP Cubic meters/10,000 yuan Negative
Solid waste utilization rate % Positive
[ Per capita arable land acre Positive
Pesticide usage per unit of arable land kgfacre Negative
Wastewater treatment rate % Positive
Institutions and inputs I R&D investment as a percentage of GDP % Positive
Industrial pollution control investment 10,000 yuan Positive
Environmental pollution control investment 10,000 yuan Positive
Proportion of fiscal expenditure on energy conservation and % Positive
environmental protection
I Green travel volume 10,000 person-trips/ Positive
10,000 people
Area of natural reserves as a percentage of national land % Positive
Ecological environmental Nitrogen oxide emissions per unit GDP kg/10,000 yuan Negative
protection
Sulfur dioxide emissions per unit GDP kg/10,000 yuan Negative
Wastewater emissions per unit GDP Cubic meters/10,000 yuan Negative
Greening coverage rate in built-up areas % Positive
Proportion of days with good air quality % Positive
Forest coverage rate % Positive
Rate of harmless treatment of urban domestic waste % Positive
Cumulative area treated for soil and water loss km? Positive
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Statistic Prob. Statistic Prob. Statistic Prob. Statistic
Yiss ~9.34017 0 -3.18153 0.0007 472745 00002 818532 0
X1 | oooes 0 -241232 0.0079 495184 0.0001 86,0564 0
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X3 | s 0 -494259 0 498171 00001 649783 0
X4 sasms 0 -411271 0 516041 0 65,3674 0
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X6 ~5.75019 0 ~151379 0,065 380534 00038 89.9891 0
X7 | e 0 ~256101 0.0052 500139 0.0001 63.6017 0
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Type of test Stati
Fotest 10866672
Lagrange Multiplier Test 7306631 0.0003
Hausman Test 27761655 0.0019
Heteroscedasticity Test 310017 0.0003
Wooldridge Autocorrelation Test 4701284 0.0221
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Explanatory variable Hybrid model Fixed effects Random effects FGLS Coefficient

coefficient (Prob.) coefficient (Prob.) coefficient (Prob.) (Prob.)
Number of General Higher Education 0.239 (0.019) 0231 (0.037) ~0.009 (0.839) ~0.185 (0.000)
Institutions (X1)

Per Capita Road Area (X2) 0,027 (0.439) 0,078 (0.045) ~0.018 (0.636) 0.208 (0.000)

Per Capita Disposable Income (X3) 0.332 (0.000) 0.067 (0.485) 0.387 (0.000) 0.229 (0.000)

Electricity Consumption per ~0.144 (0.000) -0.112 (0.001) 0121 (0.000) ~0.387 (0.000)
GDP (X4)

Green Coverage Rate in Built-up 0.131 (0.063) 0.160 (0.038) 0.194 (0.011) 0.201 (0.009)
Areas (X5)

R&D Investment as a Percentage of 0,072 (0.003) 0.082 (0.002) 0,077 (0.003) 0.106 (0.000)
GDP (X6)

Urban Registered Unemployment 0017 (0.697) 0025 (0.598) 0035 (0.446) ~0.099 (0.005)
Rate (X7)
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First Second Third

category category category
2010 04192 03640 02712
2011 04618 03860 02834
2012 04748 03999 03120
2013 04931 04166 03481
20u 05057 04389 03638
2015 05389 04793 03685
2016 05580 04929 03977
2017 05631 04965 04149
2018 05643 0.5090 04344
2019 05924 05221 04289
2020 06178 05312 04318
Growth 0.1986 0.1671 0.1606
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Statistic b Statistic

Panel v-Statistic -2.128979 09834 Group rho-Statistic 4451314 1
Panel rho-Statistic 3216624 09994 Group PP-Statistic ~10.19461 0
Panel PP-Statistic -8.584762 0 Group ADF-Statistic -3915962 0

Panel ADF-Statistic ~3.643833 0.0001






