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Abstract: Over-exploitation of mineral resources aggravates the ecological environmental pressure in mining areas. As solid
wastes containing potential heavy metals. tailings cause damage to soil organic matter (SOM) through stockpiling. which has
become a key issue in ecological restoration. The SOM monitoring system of tailings was established based on hyperspectral
remote sensing technology. Taking a mining area in Tangshan, Hebei Province as the research object, vegetation canopy
hyperspectral data were obtained using an ASD ground spectrometer and GF-5 satellite, and tailings samples at the
corresponding points were collected for physicochemical property analysis. After screening sensitive bands with the Boruta

algorithm, four types of models such as multiple stepwise linear regression (SMLR), partial least squares regression (PLSR),
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random forest (RF) and extreme gradient boosting (XGBoost) were constructed and verified for accuracy. The results show
that the XGBoost model has the best prediction effect on the ground ASD spectral data (R*=0.92, RMSE =0.37), which is
suitable for fine monitoring. The GF-5 satellite data perform best with the XGBoost model (R*=0.73, RMSE =0.53), which

meets the needs of large-scale rapid assessment. The study confirms that ground-space multi-scale SOM monitoring can be

realized through the collaborative optimization of spectral mathematical transformations and linear and nonlinear models, with

efficiency significantly enhanced compared with traditional detection methods. The research results can provide a scientific basis

for ecological restoration of mining areas, promoting environmental management of mining area and the sustainable

development of mining industry.
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Table 1 Spectral index and its calculation formula
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I3 — K A4 B 8 20 (Normalized Difference Vegetation Index, NDVI)
9 —1k 154348 % (Normalized Difference Salinity Index, NDSD)

(NIR—R)/(NIR+R)
(R—NIR)/(R+NIR)

GX(NIR—R)/(NIR+C{ XR—CyXB+L)
NIR —R
NIR/R
60X (NIR—G)—100X(R—G)
(NIR—G)X(NIR+G)
(NIR—R) X (1+L)/(NIR+R+L)
1.16 X(NIR—R)/(NIR-+R-+0.16)
(G—R)/(G+R—B)

1455 A 9% 48 0 (Enhanced Vegetation Index, EVID)
2 H #% 38 U (Difference Vegetation Index,DVI)
L A 9% 78 50 (Ratio Vegetation Index. RVI)
= AP FE %0 (Triangular Vegetation Index, TVI)
2k (0, )9 — AL M 8 38 %0 (Green Normalized Difference Vegetation Index, GNDVI)
3898 35 FE W45 22 (Soil Adjusted Vegetation Index, SAVID)
PR - 39 8 5 A B 8 £ (Optimized Soil Adjusted Vegetation Index, OSAVI)
] UL KA BH BT 48 £ (Visible Atmospherically Resistant Index, VARI)
I 4 22 4 B 5 8 (Green Chlorophyll Vegetation Index, GCVD (NIR/G)—1
9 — 1k 2% {5 46 5 (Normalized difference Index, NDI) (G—R)/(G+R)
W NIR RRIELLAME B R R B G KRB B BRI Cr=6,Co=7.5; L 4 LR REGBUEEF D 0~1,
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Fig.1 Original spectral reflection curves of tailings pond collected by ASD groud spectrometer and GF-5 satellite
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Fig.2 Correlation analysis between SOM content and spectral index of tailings
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Fig.3 Scatter plots for verifying the optimal prediction values of ASD and GF-5 spectra with measured values

W gE I 2R 45 A S M RO M 48 AR kB, AE
ASD Ytk # 1, ASD-XGBoost-FD # 5 5 K
FasE . ¥k & ASD-RF-SG Hl ASD-PLSR-SD #i#,
XS B BAT B B9 SOM i E /1. 78 GF-5
T AR e, e T AR 7Y J& GF-5-XGBoost-FD,
HIK & GF-5-RF-FD #il GF-5-RF-SD, 1 1 #ii 75 4
Xof 1o A ASE Y e, ASD Y i 4 B R T0IORS FE HE R
RF>XGBoost>>PLSR>SMLR, GF-5 i i) % {4

T kS BE HE T~ XGBoost>RF>PLSR>SMLR,
3 it

B 2wy ENREF =Y. A BT S
I H B 0 R AR A% B 1 2 JREUE 0 AT T TR M
A SR A b B o G B, BEIE=E K,
6 H R B 6 Bl A e R R R AR AR L b
T WIS RIMERE . BT Bk = A R0R0 R AE R B



192 g LB R S5 A

2026,46(1)

FHEO R E SOM & i 55 5 Z 45 bR (14 T A 4% 1
By, BRI 2R T MR EE IR BRI SR . i Boruta LAY
4 [ A B RS R v AR RIS TR
1 3 v 2 R A2 2% 1) B R L RT DL EE el L )
FLIE B 0 68 77 0 06 1% RE AR L G U 4 M 7SR JE G
8 T R TR T ) o R R T
I, ASHF 58 %8 B Boruta 8k U 47 45 A0 D6 3% 07 1€ L 3t
i 2 1 ASD ds By R AR O % 133 4>, GF-5 £dis 19
FEAE G 38 A, 25 B 1A BIORR B Kl 42 o T R A
BATRUE,

TE P BE B AL 25 45 SR b, FD Al SD A8 8 7
% AT e B AR B SR . R A 3T e A 46
FE A% A A5 b 9 /0 5 2 SR RS R S MR S, DT 0 2 4
SROGTE (S 5 1 BRI RS E T PR T X S L 5t
() 2847 35 A, SG AR il 3k 11 O 15 i O 22
P BRI AL T S MR S s 5 R A Y AR AL
B BAROGIEIEECE SOM & 5 1 8B RCHR A fn LA
b7 ARG BT AT LIAE A AR B AE S8,
BT SOM & it 5 6185 2 8] (Y e B 56 &

TG AR E T Z R e AR L ik,
I e O v S Xk K 7 R HEAT AR L AR Sk A
AR YL T mE AR, LT S 5 g A
FEI [ 3 26 v ) P o DG i S S R W S R
i E AT 0 B0, dE MR G0 SRR ) & AL
(SVM) \RF ¥ BA RIFMPERE. E0 XA
BIL ST Ak 000 5 SR v, S 2 I )3 2R [) A 4 A A v 1Y
KGR, ARk 2% 2 J5 2 (i XGBoost £ RF) 55 % iy
T AR B R A% e 0 £ i (A PLSR Al
SMLR)., XGBoost Fl RF % %1 i i #4 £ K & ok 56
B I 45 A 25 5L L BB % o 4 b A HE O IS S dE P 2
FRARLR M R, X SR Y fE A7 T R K
L MEA G B ) A& R L BR A A Rk Ak B v 4E 1 L
SR SR N E /TR

AHEE 2Z2 R, PLSR K B 8K 75 e 6 5L 6 715 7t 1]
AR OG5 T A R A B TE A B 58 15 1Y S5 A
L H TN M BE R fE 1A 8] RE A XGBoost #5181 A 7k
-, SRR R AR AT OV 4 PR A TP i 2 e X
FEE LR RAE , 2 15 20000 B R AL . SMLR
TR B B A RUON X 22 F G 2 1 [ B, {H 7 ASE A B
FzALRE ) E R BIR R BB T . I e
W SOM [ I H , JE e A7 (I XGBoost #1 RF)
Al A% (AL B o ) T o P RS A L, R B T R
{1%) 50 fiE

A GT LA IR B8 15 G KURS: =5 19 B2 A 2 Sk F 55 X

2 R4S ASD PG IE AL  GEF-5 TLE SRy = Dt 1

Bds 455 A DG % A2 e 5 0635 45 20 ) PLSR,

SMLR . RF il XGBoost % 4 f ik # B# SOM

AR 45 a0 R iy E2EL58
(1) 7EMFFE XA SOM ) i 6 i3 10 ) A% 74 i

FE SR — B B ko 7 4 S AR AR AL 3T

454 XGBoost RF FE R4 M 485 )y i, ] D)t 35 42

TR e, XL 7 A X T ASD 5 GEF-5

8 v DG B a3
(2) FERBEARIIRIN 45 S rfr , ASD %540 A5 RDRS B 55

B AR ASD-XGBoost-FD(R? =0.92, RMSE =

0.3V RERE HEAT BN AG 0 09 A~ SOM Ak, 35 FH 7

e 20 A W0 55 40 A7 . ARDRE T L GF-5 B4 AR ARG

FERAR , fe A BB GF-5-XGBoost-FD (R? = 0. 73,

RMSE =0.53) HAESEAT I Bl A4 RL I Ak I L 5 T

LY DB MR, ISR A R AT T L PR R AR A K

e PO AR b 2
(3) BH SOM &&= Z Z M F K Fm, T W

53 KGR SR WA W A AR TR AR HE DL 5 4

ISR SR PR 2R 0 5 2 A HAR T R R R v

TRBE 27 > S HOR , LR THEE A 1Y 3 30 A6 BB ) Rk

T 5, 0 s ASE T80 2% SR %) ik Bk L o R 3R R % L

AR (38 TN AR 5, 32 T 4 1 52 Bn AT AR Y R T B

i,

5 2 3Lk (References) :

(1] TARBE, X2 &, B, S5 T b R 5 T RS0 L 3R 8E 1F 4L
N BE PR ALFE &R LT ] HE 5B B R ,2022.50(6) :321-328.
WANG Gensuo, LIU Honglei. WU Qiang. et al. Resource
development and utilization of positive environmental
impacts of abandoned mines under carbon neutrality [ J].
Coal Science and Technology,2022.,50(6) :321-328.

(2] SZOHMR. AR, 8 S B E S AT L AESBE P

N FABESE LT3R 29 5 34, 2023(6) 1 45-48.
PENG Li'na, SHI Mujun, HU Hao. et al. Research on the
application of solid waste in ecological restoration of mines
[J]. Resources Economization & Environmental Protection,
2023(6) :45-48.

(3] Wi, BB, 8855 6, %10 75 3% + B R M UTRG K A &
WEEIR S5 Z W [T ] R B2 50K ,2020,48(4) :70-79.
HU Haifeng, LIAN Xugang. CAI Yinfei. Study on
ecological environment damage and restoration for coal

mining-subsided area in loess hilly area of Shanxi Province

[J]. Coal Science and Technology,2020,48(4) :70-79.



EHRFATEXRENRT AN ASEFEMNRERFR[]]F5 LB RS FL,2026,46(1). 193

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

LIUSL, LI WP, QIAO W, et al. Zoning method for mining-

induced  environmental  engineering  geological  patterns
considering the degree of influence of mining activities on
phreatic aquifer[ J].Journal of Hydrology.2019.578:124020.
2T, WL, A, F EEE I A SR SRS
PR R B ILR AR 22440, 2015, 32(3) . 467-477.
YAN Wenbo, LIU Dan, PENG Danli, et al. Technology
advances of ecological restoration and environmental
remediation of heavy metal mines[]J]. Journal of Zhejiang A
&. F University,2015,32(3) :467-477.

XV, B B AR R G & B R TE 1 S R S
U A B 5 % e [0 A 36 51 ) 2 2241 2020, 39 (12)
2699-2709.

LIU Yanping, LUO Qing, CHENG Hefa. Application and
development of hyperspectral remote sensing technology to
determine the heavy metal content in soil [J]. Journal of
Agro-Environment Science,2020,39(12):2699-2709.
TEPRAE oI, RS A I R O 3 R S A U R (). B U
£ 4¢,2016,20(5) :689-707.
TONG Qingxi, ZHANG Bing, ZHANG Lifu. Current
progress of hyperspectral remote sensing in China [ ] J.
National Remote Sensing Bulletin,2016,20(5):689-707.
AR TG AR AR — AR SCOK B W TR
SWOT B4 iE B2 T 5 e B[] ). B3R B 4% 3E i, 2024, 39
(4):374-390.

YAO Jiaqi, CHANG Huanyu, WANG Mengran, et al.
Characteristics, application, and prospects of a new
generation hydrological and water resources monitoring
satellite; SWOT[J]. Advances in Earth Science, 2024, 39
(4):374-390.

PR, 5 %8, Xk, 55 2 T Hyperion #5065 R 0 4 /N 22
M bR e S L] A WU 4 . 2018, 49(4) :199-211.
REN Jiangiang, WU Shangrong, LIU Bin, et al. Retrieving
winter wheat above-ground dry biomass based on Hyperion
hyperspectral imagery [ ] ]. Transactions of the Chinese
Society for Agricultural Machinery,2018,49(4) :199-211.
T A7 L, w2 e R B S B A W K 5 e
PR3 —— LA AL 8 1l S i [ . o 1ok e B 2 (o 3
30),2023,21(6) :111-120.

MA Lei, LI Cheng, SI Hongtao, et al. Dynamic monitoring
and influencing factors of vegetation restoration on a mine
park: a case study of Tongluo mountain[ J]. Science of Soil
and Water Conservation,2023,21(6):111-120.

HU K, FENG X Y, ZHANG Q. et al. Review of satellite
remote sensing of carbon dioxide inversion and assimilation
[J].Remote Sensing,2024,16(18):3394.

ZHAO S H, WANG Q. LI Y, et al. An overview of
satellite remote sensing technology used in China’s
environmental protection [ ] ]. Earth Science Informatics,
2017,10(2) :137-148.

sk RBFE R HF T EANZ LM LR S &
SR RAF 5 [T AL IR AR B4, 2024, 52(20) : 32-41.

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

ZHANG Jin, WU Chundu, ZHANG Bo, et al. Inversion
model of soil total nitrogen content based on UAV multi-
spectrum[ ] ]. Jiangsu Agricultural Sciences,2024,52(20)
32-41.

B SR VA AF BT R L A Y L PR Y
SRR AT ] AR M AU 4, 2017, 48(3) 1 164-172.
YE Qin, JIANG Xueqin, LI Xican, et al. Comparison on
inversion model of soil organic matter content based on
hyperspectral data[ J]. Transactions of the Chinese Society
for Agricultural Machinery,2017,48(3) :164-172.

AR AR BRR A G T TR 28 S A ST Y S8 R 43
()38 %4R , 2024, 28(3) :610-623.

YU Long, LIJun, HE Lin, et al. Class-independent domain
adaptation for hyperspectral image classification [ ] J.
National Remote Sensing Bulletin,2024,28(3) :610-623.
WRERSE 2 VR I, 5B 7 o A5 R T RO 1S AR 1 9% B K R K AR
s (e MR A0 53 2E L] 28 [ B 24 241, 2024,44(1) 1 103-113,
CHEN Zhulin, LI Tianyu, ZHANG Yaofang, et al. Land
cover classification from hyperspectral data in the water
ecological space of Miyun Reservoir[ J]. Chinese Journal of
Space Science,2024,44(1):103-113.

EEY, T BUE FEETRSESRGEEZ RN TR
DR it Al R R A3 A L) ). 63 4 5 063 4 . 2023,
43(7) :2278-2286.

WANG Huimin, YU Lei, XU Kailei, et al. Estimation of
salt content of saline soil in arid areas based on GF-5
image [ J ]. Spectroscopy and Spectral
Analysis,2023,43(7) :2278-2286.

JIAOL L, SUN W W, YANG G, et al. A hierarchical

hyperspectral

classification ~ framework of  satellite  multispectral/
hyperspectral images for mapping coastal wetlands [ ] ].
Remote Sensing,2019,11(19):2238.

LU S5 I R S A o I\ G T O WP Sl = S A
#t,2000.

BAO Shidan. Soil agrochemical analysis[[ M ]. 3rd edition.
Beijing: China Agricultural Press,2000.

LIW Y, XIANG Y Z, LIU X C, et al. Estimation of soil
moisture content based on fractional differential and optimal
spectral index[ J].Agronomy,2024,14(1):14010184.

LIU H H, GUO B, YANG X C, et al. High spatiotemporal

resolution vegetation index time series can facilitate

enhanced remote sensing monitoring of soil salinization[ ] ].
Plant and Soil,2024,510(1) :1-23.

W ST, 20 SR X, A T I AR R R A R T R R A
FAOFR AR R AR R S KA X RO ES SR,
2024,44(13) :5596-5608.

YAO Haoxin, LI Qingquan, ZHAO Liang, et al
Evolutionary characteristics of extreme high temperature
and drought composite events in the warm season of the
Huaihe River Basin and their relationship with climate and
vegetation [ ] |. Acta Ecologica Sinica, 2024, 44 (13):

5596-5608.



194 g LB R S5 A 2026,46(1)

[23] EJktG, EBR, D2, 5 5T B0 A0 T AL 38 O i 98 4L [27] SOH6ER SRk ML, 55, 3% T A ML R B AR 0 B e R
A5 L HLT & e [J . 148, 2023,55(5) :1106-1113. JE KA 7 5 A T A i L] Aol B U BR B 2
WANG Xinyi, WANG Changkun, MA Haiyi, et al. 2024,41(6) : 1-14.

Estimation of soil organic matter content based on dual JIA Zenghui, ZHANG Jizhen, HAO Hang, et al. Field-
temporal satellite remote sensing spectral index[J]. Soilss scale maize yield estimation and growth stages optimization
2023.55(5):1106-1113. based on UAV hyperspectral image [ J ]. Journal of
Agricultural Res s and Envi t,2024,41(6) :1-14.
[24] QUANZJ, CHENG Y X. TSUBO M, et al. Sensitivity gricultural esources and Environmen
. . . . [28] LID, HU Q Q, RUAN S Q. et al. Utilizing hyperspectral
and regulation factors of soil organic carbon content in
reflectance and machine learning algorithms for non-
steppe and desert-steppe grasslands of the Mongolian . . . o
destructive estimation of chlorophyll content in citrus leaves
Plateau[ J].Plant and Soil,2024,509(1) :1-17. [J7.Remote Sensing,2023,15(20) : 15204934,

[25] GUO H X, WU F, YANG K, et al Sentinel-2 [29] NAVROZIDIS I, PANTAZI X E, LAGOPODI A, et al.
multispectral satellite remote sensing retrieval of soil cu Application of machine learning for disease detection tasks in
content changes at different pH levels[ ] ]. Agronomy, 2024, olive trees using hyperspectral data[J]. Remote Sensing.
14(10):2182. 2023,15(24) :15245683.

[26] NIAN Y, SU X, YUE H, et al. Estimation of the rice [30] LIU Y, FENG H, FAN Y, et al. Improving potato above

aboveground biomass based on the first derivative spectrum
and Boruta algorithm[ ] ]. Frontiers in Plant Science, 2024,

15:1396183.

ground biomass estimation combining hyperspectral data and
harmonic decomposition techniques [ J ]. Computers and

Electronics in Agriculture,2024,218:108699.



