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Abstract: [ Objective] To quantify the impact of mining area development and construction on regional soil
erosion, and to provide a scientific basis for future soil erosion prevention and ecological restoration in open-pit
mining areas in the Shanxi-Shaanxi-Inner Mongolia region. [ Methods ] Heidaigou and Harwusu coal mines, the
largest open-pit mines on the Ordos Plateau, were taken as the research objects. High-resolution topography and
vegetation status of the study area were obtained based on remote sensing images, statistical data and field
surveys. The revised wind erosion equation (RWEQ) model and the revised universal soil loss equation
(RUSLE) model were used to calculate the moduli of wind and water erosion in 1990, 2000, 2010 and

2020, respectively. The proportional changes in erosion modulus levels in the mining and natural control areas
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from 1990— 2000, 1990 — 2010 and 1990 — 2020 were calculated to analyze the impact of open-pit mining on the
two soil erosion forces. [ Results] The overall moduli of wind and water erosion in the study area showed a
declining trend from 1990 to 2020. The proportion of areas with reduced moduli of wind and water erosion in the
mining area was smaller than that in the control area, while the proportion of areas with increased or unchanged
moduli was larger than that in the control area. This indicates that open-pit mining operations have accelerated the
natural erosion rates of wind and water erosion to a certain extent. [ Conclusion ] Soil and water conservation effors
in the region have achieved periodic results. Wind and water erosion may have a certain mutual inhibitory effect,

and soil and water conservation in mining areas still requires further consideration for the control of soil and water

loss under combined erosion.
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0 4 8 km

| I —

AR R/ (mes )
2 s v
o W (=} W
T T T 1
=

w
n

e
=)

- »=0.013 6x+3.624 3, R*=0.048 3

1 1 1 ]
2005 2010 2015 2020

1

1 1 1
1990 1995 2000

600 - (b)
550 1
500 |

£

Easof

i)

2400

®asof

o
300 |
250

200 L

»=1.839 2x-3 279.105 8, R*=0.029 3

1990

1995

2000

B5 1990—2020 FA R XMW FEFHREMEFEKET L

Fig.5 Changes in annual mean wind speed and annual precipitation in the study area from 1990 to 2020

24 FREIEI KRN

[7i) JRU ik 8 BFF 5 T 0 — B0, 4 I e 0 DX PN S R X
HE X 1990—2000 4F ,1990—2010 4F . 1990—2020 4F- %%
AR A BOA [R) A A A B A TR B ph 3 3 AT e X

8 DX 7K e a sz e 32 S AR A B 52 I, 1990—2000 4F
- HEK PR T AN AR YN B TR S LA 245 1990—

20104F 57.456 %6 (1) 11 AR - HEAK 8 i, £ 20.679 %6 19
T AR K b /) 5 T 1990—2020 4F 63.091 %6 14 X 45
- HEK Dk AR, 8.459 %0 B IX 5k A 3K ph . X 4
K ik B 5O b [ %o A X — 5, A [ - 3 XUk —
e, 1 X A K PR T A TR B BB R T R X+
SR ik B ASCHE Jn ) Te AR EG BB 4 DX S Kk R AT
N AN = 7 DA N RPO s B o ) X %@ RN S TR 2 E
il o R ANOV A (5 22 53 81 ) 0 H8is 47 b 35 Ve
By, HAE AT L@ @ = 0.05 B E MK P 5, 3L 9 X
KRR 1 A8 Ak TR e BRI B 25 5

2005
a

2010

2015

2020

R3 TEAKMEHTHERLL S %

Table 3 Area proportion of soil water erosion modulus change

3§l

1990—

2000 4¢

1990—

2010 4F

1990—2020 4F

B IX

Xof B IX

X

Xof B X

X

X IR IX

K m
— e hm
JLFA7E
— AR

9.544
16.132
45.355
18.666

8.666
25.938
32.685
25.676

28.893
36.502
19.703
12.032

12.626
44.830
21.864
16.915

4.750
11.263
29.361
26.128

0.916
7.543
28.451
30.358

BFEMBAL 10.304  7.036 2.870 3.764 28.499 32.733

X H 1990—2020 4% 4 HE oK bl 45 %K 75 A] A 4k
CE 6O U H B DX K folt Jod 25 488 i ) X ok = 22 45 A
TE PG AL HE 1= 37, b DX 38 ) 5 B A K, R £ 4 F i 4
A e A DX B, L A 0T T DX I e A s v A XS A
TE 7K ik 38 A A% 0, T R TR D e X B N G
G S 3 J3 50O b A v 1 DX T K gk 2D Y
DX 35k = 40 A A AH B K B2 3 1 i DX B SR A Y
T G Hh Al o

http. // stbexb.alljournal.com.cn



88 KRR

%039 %

S XA 9k T R
o SR XS
o Xl R
T+ E L
= S Rm
= — 4N
§ = | AT

= — i
=
0 2 4km
T R e MR o

B6 1990—2020F tiEKMEHTEETK

Fig.6 Spatial distribution of soil water erosion modulus
from 1990 to 2020

3 3T i

1990—2020 4F- 8" [X A1 X B8 X (1 4 398 XU gkt 117K okt
BEBCR R Y B 3 TR 3, 5 A G o gt R
AR — B, B T X O R B K R X
{2 R ) — I B0 AE o ERS R BT IXH 1990 4]
11, 4w 7 o5 T P AR 1 34.836 %0, W X AN B ]
VU g 7 1) 5, R b T BN W N K, 2010 AF A 9k A T
J¥ 3K 51.238 % , L% I et A% IR 5 X J8 4 A 25 2R
Btk B0 B 0 . 2R X Ry 3 AR R
T3 TR LB B ) A R R T R XY
S XA ol 7 6 B R RR F 42.435 %, HUA Bk K 52 B I I
N —Je i TR R A SR SR R TR IR R R
F 1R B A MR A R A A A A 1Rl X IR B A T ek
SV (ER RN URE S TR R e W R AR C AR NG SR L7 B
S AE B P 1 Tk

1990—2020 4%, A 5% X Ay JRU kA5 450 T 7K foft A5 25
BRM PN FE 2R TR, 88 K IR M5
i Xof A 48 42 ol oA 7= A 0 DX A g A DA AR 2 R
W A5 Ak, H M AR Dl S 50 Ak 1) T RO L 9 X SR il
15 2 PR T B R R R AT BT 22 5. FEXT)
2 b, A KU i R T X T R 1
A 7 T A AIC S 2 1 AUk ) T 8 R SR 1Y
Hi I AR Ak X KUk A — 5 BELASAE F 5 78K 142 ik |, K
Tl RSB ) e S B i R R T SR 3 Y R 11 38 T
{20k 5 Ml 2 MR 1 K R . B X T X S
Xof B DXy I K e S R 22 ) R K SR o R ke A 0
KR B Ry L LSRR L NIRRT X IR
JEX IR X, HB A — R B K b AR R RS i, A SR K
FEAE it B, 32 20 o 3 R AR B AR R R R, AR
AT DX 7K R R 15 it B804 T 1E — 25 B0, 76 4
JE WK F AR BN R LA B R E AR AT W
KRB,

2 P {3 Dok B 0 AR A [R) B B 1 Hb XA E — E A
TG B AE o R BEAT R R B, BB B

BHRAEEZEZ LAE A KA 55 Y, DU B %
T MR IEAT I RAE M o R R A B R S
R4y R 25 K40 )2 05 Hie BEOA LR 0T % 2
i i b A e RN (B ATTIE 2 AL B S A
VB T M R4S & AR B R AR fb AR 8 A, — i
X2 G BBl 55°~757, 3 10 ms A A A By
— e 55°~65", W i 10 m; R £ 3 30 2 0 Bl T A —
B 327, Bl 15 m'™ L 3 R AR Ak K i b R R
P e DX A 1 BT XU R T, AE B R 11 Bk A A5 K
TR PSR . X A M R Y R R A, R
)RR VD Y LR IX, D A R e o A A R B R
B RS B A T DXVE b ) S 2 3 H 7 Hh
2 150 m DL By DXl oK o BB L) A A S R
B ALY A I A B R O [RA E A A x
JK AR A= ok BE O A A T 25 R (HL RS A Y
J22 B 235 A 5 A5 DX 4 8 4 b it — 25 n

DX 35 1 10 A R 2 XU R R ki S L B
RO FEF R B = A A I S5 %
T T LS R AN T, — T T [ A 3 ) A 3 KRR
SR R ER R, T W5 E R
HEW) IR, 1 K T A= T R X7 A A )
VbR 5 — i HE S S B R 2
Ty TE BTN A FH T T 3 T 428 3, B 3 A% I TE 4
K 1, 51 &K £k, H E P A A
Aok g E S L, RS MG R B Z 5 XA RN
HERS IR X 5 32 B X A= ik K T 42 0l i & A
FH DR 1 A8 Al & /e i BB IR R . A
SCORTETEN X KA 1y 2 = b 38 Ty R BB &R 5 22 51,
X XA KUK E A R S AT A R, ROk T
X6 2 A il 5 7 i AR TR F gk — 20 R WL i Y
I P B A U0 0 i R AR Y 2 B AT A T R IE LA
& TR B AL 1 o
4 45 g

1)1990—2020 4F , WF 5% X 3% {4 + 3¢ X Sy 4= 1 A
JK T 4= e R B 5 Dk Bl T B R A, XK DR AR
A By B sk

2) A\ 1990—2020 4F 14 R sk 1 7K ol 455 0 A8 A6 R
W DX A2 Dl S 5 348 o 9 Lo 481 v T X BRI, 5 B R R T
KA My — 5 B FE b0 3 4 3 XU R A R OK il 1 SR
12 ot 3R, A Xt K ok A R i O

3) MRS A3 ok R K A= e 1 5 T 43 A &, KUk
R it A — 7 ke P b DX A7 A6 AH B AR L 2T X
TP R g 15 3 P P i R R DX RN HE 4 37 3 B B 1

http. // stbexb.alljournal.com.cn



XUER 45 - S8R 22 307 w8 JEL0™ DX i R T SR X M4kt ) 5% i 89

%4l
SE Lk
(1) A PRHE BREE e . o [l i KA 70 4F B 1o JB % o it ek

[3]

[5]

[7]

[9]

RIEBRRZ [T] 24, 2024, 49C1) : 235-260.

CAI Q X, CHEN Y L. Review of 70 years'achievements
and high-quality development architecture system of sur-
face coal mining in China[J].Journal of China Coal Soci-
ety,2024,49(1):235-260.

SO RL BRI, A B B XK B R A
TE W 258 3 AL 43T+ LS 990 22 R0 Bl RS I [T]. 22 4x
535 T, 2014,21(3):1-6.

JING M, BAI Z K, CHEN X H, et al. Analysis of the
spatial-temporal evolution of terrain in large opencast
mines of loess hilly region: A case study of anjialing
opencast coal mine [J]. Safety and Environmental Engi-
neering,2014,21(3):1-6.

KR IR . AT PG R KT DX Ml B K XU A (DL AL T
BT T TR R K2, 2022.

ZHANG C B. Risk assessment of geological disastersin
Fushun west open-pit mine area [ D]. Fuxin, Liaoning:
Liaoning Technical University, 2022.

E S BT Landsat B A9 1 MM 88 R0 DX A 28 BB R
BERFAEID ] A7 B 1L 7 LARFOR K, 2022.
WANG D N. Scale characteristics of ecological environ-
ment in Haizhou open-pit mining area based on Landsat
data [D]. Fuxin, Liaoning: Liaoning Technical Univer-
sity, 2022.

00 o, SRR . B R XA A IR B A O B
ARG S [T A4, 2020, 45(4) - 1211-1221.
PENG S P, BI Y L. Strategic consideration and core
technology about environmental ecological restoration in
coal mine areas in the Yellow River basin of China[J].
Journal of China Coal Society,2020,45(4):1211-1221.
X8 T 5 DX EE R 47 42 HEHCR AR BCHO 8 30 48 0 1Y
WD) B8 AT R, 2017

LIU W. The opencast mine dust characteristics in arid
land and its impact on the surrounding plants [D].
Urumgqi: Xinjiang University,2017.

KB #E KB X COL KBRS 2 LB (D] U I 45 B
PO M A, 2023,

ZHANG A. Study on temporal and spatial variation of
CO, concentration in open-pit mining area [D]. Mian-
yang, Sichuan: Southwest University of Science and
Technology,2023.

PRTT R, 38 B AE . KU UM 4Rk IS kS (] op [ v
#£,2020,40(5):65-73.

CHEN S X, DONG Y X. A review of the research on
wind erosion climatic erosivity [J]. Journal of Desert
Research, 2020,40(5) :65-73.

THE & B ] g SR K Al IR 2 g3 S ke AR B SR Bl R R

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HrID 155 R (AR R 2, 2024,

YIN Z T. Analysis of spatio-temporal differentiation char-
acteristic and influencing factors of soil water erosion in
the Yellow River basin [D]. Jinan: Shandong Normal
University, 2024.

SR, A e, £ P E R ki R 2 2 T A8 ) 3R
S RS LT 22 RO b 3R A [l ) 455 80 ) 43 Ap [T .
e gl K274l , 2024, 43(6) : 29-38.

LIK K, ZHOU Z H, WANG Z. Analyzing socio-economic
spatial factors driving soil erosion in China based on multi-
scale geographically weighted regression model[ J].Journal of
Huazhong Agricultural University , 2024 ,43(6) : 29-38.
BORRELLI P, ROBINSON D A, FLEISCHER L R,
et al. An assessment of the global impact of 21 st century
land use change on soil erosion[J]. Nature Communica-
tions, 2017,8:e2013.

AR IR, R e, 55 B R RN R R
o 2 QAR [T B 2 4R, 2024, 79C7) 1 1787-1803.

SHI X J, ZHANG B, GUO J L, et al. Spatial-temporal
evolution of soil erosion in a typical watershed of the
Loess Plateau[ J].Acta Geographica Sinica, 2024,79(7) :
1787-1803.

Widrite, {7 95 , Ahmd Ehab Talat, %5 . 3 F PLUS-CSLE
TR % S5 S YT A T - b ) A AR S Y b AR il
oy M B 1 [1/OL ). 36 58 B %, 1-15[2025-04-09].
https://doi.org/10.13227/j.hjkx.202406130.

CHEN Y C, HE Y, TALAT A, et al. Analysis and
prediction of soil erosion under different land use
change scenarios in Kuye River basin based on PLUS-
CSLE model[J/OL].China Industrial Economics, 1-15
[ 2025-04-09 ] .https : //doi.org/10.13227/j.hjkx.202406 130.
WEISE, BEAL R, A T DR SR I B - g AR T B
FEHERLT] LR, 2023,41(3) :492-500.

XIE J L, XIONG L, TAN Y B, et al. Progress in
research on remote sensing monitoring and soil erosion in
mining areas[ J].Jiangxi Science,2023,41(3):492-500.
MR EBeE s b X ae A L5 (D] dbat. b
ROE K2, 2010.

ZU 7 J. Study on energy development in the border area
of Shanxi, Shaanxi and Mongolia [D]. Beijing: Central
University for Nationalities, 2010.

W%, Bz b, 2R A, HT T K i b A A FR
BEfa F 3 L0 b K AR 4, 202006 : 11-15.

CAO B,BATIY G,LIY S, et al. Soil and water loss and
ecological environment damage in Xinjiang coal mine[J].
Soil and Water Conservation in China, 2020(6):11-15.

T IAE . 50K 22 307 3 A JR HERIE A0 o B XL A T
BLAIIEFE LD ] Ab 5 A [ b UK 2 (dE 50, 2019.

FAN S H. Study on diagenesis and weathering mecha-

nism of pisha sandstone in Zhungeer banner of Ordos

http. // stbexb.alljournal.com.cn



90

PSRV R 3

%039 %

[18]

[19]

[20]

[21]

[22]

[23]

basin[ D ].Beijing : China University of Geosciences,2019.
SR RIS 73 G NP NE 3 .| PO (2 SP N R
DXAE S R GENR A5 052w LSRR 22 i S 0 [ ). 6 I B
K 5IF R ,2022,42(4):153-159.

MAO X Y, LIANG J, HOU H P, et al. Study on the
impact of human activities on ecosystem services in the
ecological critical mining areas of western China: Taking
Ordos City as an example [J]. Mining Research and
Development, 2022,42(4) :153-159.
RS, SCRE, X IE A, A R RWEQ B ALY Py 52 7y
fey JEL A XU WF 5 (). AR S B B 22 4T, 2018, 27 (6D ¢
1024-1033.

CHI W F, BAIW K, LIU ZJ, et al. Wind erosion in
Inner Mongolia Plateau using the revised wind erosion
equation[J].Ecology and Environmental Sciences, 2018,
27(6):1024-1033.

JREE W SCE X EAM LS R GRS R
BT A0l TR, 2019,35(24) : 154-161.

ZHANG P, YAO W Y, LIU G B, et al. Research prog-
ress and prospects of complex soil erosion [J]. Transac-
tions of the Chinese Society of Agricultural Engineering,
2019,35(24):154-161.

rhAe N R A A TR AT A A BOIR OO 18 A T Al 4
ARG 25 R GRS D REVEAG HY 1173 —2021(S]. b
50 E BREERL A A, 2021

Ministry of Ecology and Environment of the Peoples
Republic of China. Technical specification for investiga-
tion and assessment of national ecological status: Ecosys-
tem services assessment HJ 1173 — 2021 [S]. Beijing:
China Environmental Science Press, 2021.
Bt b, A5k 5t , XU T, % L Jb At e X 5 K O
FELCL. 4 [~ /K AR5 W 2 AR AT 218 Sc . i
W ,2005:7-17.

DUAN S H, LI Y G, LIU B Y, et al. The equation of
soil loss in Beijing area [ C]. Proceedings of the Second
National Symposium on Soil and Water Conservation
Monitoring. Wuhan, 2005:7-17.

HhAe R R T KR L A AR T 43 2 O3 bR HE SL
190—2007[S J. Jb 5T - b [ /KR K Ha AL, 2008.
Ministry of Water Resources of the People’s Republic of
China. Standards for classification and gradation of soil

erosion SL 190—2007 [S]. Beijing: China Water and

[24]

[25]

[27]

[28]

[29]

[30]

Power Press, 2008.

e 42 1961—2014 4F PN 53y i X fe v A IR IR £k
FRAELT]. SR AR, 2020(8) : 104-105.

JIANG Y F. Variation characteristics of maximum and
minimum temperatures in Inner Mongolia from 1961 to
2014[J].Modern Agriculture,2020(8) : 104-105.
RV, Tk A A M I R A AR S R
W EEPEA [T Vb, 2016, 36(5) : 1265-1270.
ZHOU Y, CAO Y E, YANG JJ, et al. Assessment of
wind erosion hazard degree in the Zhundong area, Xinji-
ang, China[J].Journal of Desert Research, 2016, 36(5) :
1265-1270.

FEARRT 25 SO SO L AR AU R B R AL X Atk D
DR I 7S R A S W [T K PR R 5T, 2023,
30(5):31-40.

DURZ, LI WD, GAO W H, et al. Influence of climate
and surface cover changes on spatiotemporal changes of wind
erosion in pisha sandstone area [J]. Research of Soil and
Water Conservation, 2023, 30(5) : 31-40.

B, T H R, SELEZ 5 B A AR ol i s
AR AR SRR AELT ] T VR, 2023,43(3) : 305-317.
CHIW F, WANG Y T, DANG X H, et al. Temporal
variation and spatial pattern of soil erosion in the Yellow
River basin[ J].Journal of Desert Research, 2023,43(3) :
305-317.

52 LSRR 22 T A AR IR A Ak K SE R R R BER D .
Loy M P E LR, 2023.

ZHAO M E. Study on ecological environment change and
influencing factors in Ordos City [D]. Xuzhou, Jiangsu:
China University of Mining and Technology , 2023.

AR ER TE 2w Y, Ak e, 25 R KA e B 3 X - 7K
S R ST [T]. h Tk K 2 2 4R, 2020, 49 (6)
1223-1232.

SHAO Y Q, WANG Y J, LIY F, et al. Study on soil
water-wind compound erosion of prairie coal-electricity
base[J].Journal of China University of Mining and Tech-
nology,2020,49(6):1223-1232.

T . S IR PR AS Vi R R N HE 1 3 i R T 4y
HriD] L7 B L7 TR KR, 2007.

YANG L P. Analysis the slope stability inner spoil dump
of Zhunge'er Heidaigou open-pit coal mine [D].Fuxin,

Liaoning: Liaoning Technical University, 2007.

http. // stbexb.alljournal.com.cn



