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Analysis on Temporal and Spatial Characteristics and Driving Factors of Soil
Erosion in Shendong Mining Area
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(1. College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China; 2. National Energy Group Shendong Coal Group, Ordos,
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Abstract According to the problems of soil erosion and ecological damage in Shendong mining area and the influence of
coal mining on soil erosion in mining area, based on RUSLE model, this paper proposes a research method to explore the
evolution characteristics of soil erosion in mining area based on mining area and mine scale and analyze the driving force with
geographic detector. The results showed that :(i) At the scale of mining area, soil erosion increased by 30.2810° t from 1989
to 2019. In space, slight and mild erosion was distributed throughout the whole region, followed by moderate and intense
erosion, and extreme and intense erosion were the least. (ii) At the mine scale, Bulianta and Yujialiang mine are negatively
affected by mining, Daliuta mine is positively affected by ecological measures, and the negative effects of Huojitu and
Shigejie mine are eliminated by positive effects; (iii) The explanatory power of each factor on soil erosion is slope > land use
type > rainfall > VEGETATION coverage, and the explanatory power of factor interaction is stronger than that of single
factor. The area with slope >35< rainfall of 416.10-420.69 mm, vegetation coverage of 0.5-0.6 and unused land is the high
risk area of soil erosion. This research method can find out the soil erosion change law of mining area and the disturbance of
mining activities, and provide decision support for ecological management in mining area.

Key words Shendong mining area; soil erosion; RUSLE; geographical detector; mine
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Fig.1 The location of study area and the Digital Elevation Model
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Fig.2 Changes of Soil Erosion Modulus, Erosion Amount (a) and Erosion Grade Area (b)
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Fig. 3 Spatial Distribution of Soil Erosion in the Shendong Mining Area
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Fig.4 Spatial Distribution of Soil Erosion Grade Transfer in Shendong Mining Area
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Tab.4 Soil Erosion Intensity Transfer Matrix from 1989 to 2019 in Shendong Mining Area %
2019 4
1989 4 s BitEN BitEN
W B U Eitics A S5 IS Py g
W 43.15 30.92 13.40 5.87 5.04 1.62 0.00 56.85
B 9.23 7458 15.58 0.50 0.11 0.00 9.23 16.18
O 12.91 467 55.61 25.04 157 0.21 17.58 26.82
R 16.04 0.07 5.78 32.79 44.66 0.67 21.89 45.32
W 16.91 0.00 0.88 5.01 53.12 24.09 22.79 24.09
JilZE 13.44 0.00 0.00 0.19 5.31 81.06 18.94 0.00
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Nt — AR FURA G SR X AR P (5o, 8 O 20 XA 4> 32 B HoR XA ER X
(LA T B A S A EEHEAT GE i (3R B) o AMEET AR IX LR (£ 2000, 2010. 2015
FANTARRIX, fE 2005, 2019 K TARRIX, HRXMAER X232 2= R KRN, fE
2005 fFZSFIE R KIS HR X A2 ph I/ TR X H ARG H i1 —24.2000 45 22 F T} 51—
4.5%, B HRIX . AR X LR Z R AE 2000—2019 FEAWG D AR HR X LR
PIEADNTAERK, REXMARR X -2 2 0oy 8% Rt T —38.26%~—16.72%) , HUL
2005 FNFH AR A D MR R IR EMED TAERK, KX AR X LR M FAE
2005 K, ZJa RS REIMIES; A2V H BRI IE D TARRIXAE 2019 FH JyRIX
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Tab.5 Soil Erosion Amount and Change Ratio between Main Mining Area and Non-mining Area in Shendong Mining Area

W4 Ay FIX/(thm?a)  HERIX/(Uhm?a)  ALHI(%) T4 Ehy KXI(thm?a)  JERX/(thm?a)  2R{LEH (%)

<2000 4 5.993 6.5606 -8.65 <2005 4 5.1006 8.2608 -38.26
<2005 4F 4.1898 3.5896 16.72 <2010 4F 15.5552 20.2955 -23.36
A
ANEES <2010 4F 9.1154 9.2843 -1.82 <2015 4F 10.1342 13.2098 -23.28
<2015 ¢ 6.0741 6.3596 -4.49 <2019 /F 19.4644 26.2681 -25.9
<2019 /¢ 13.2231 12.9993 1.72 <2005 4F 16.8759 23.8042 -29.11
<2000 £ 11.1434 14.702 242 <2010 4F 25.9256 28.9761 -10.53
i 3
<2005 £ 7.161 9.2126 -22.27 <2015 4F 22.8915 27.5203 -16.82
KM <2010 4 17.768 19.2061 -7.49 <2019 4 44,5443 53.0198 -15.99
<2015 ¢ 11.9132 12.4635 -4.42 <2010 4F 10.7364 11.6613 -7.93
<2019 4F 25.9123 27.1331 -45 fize <2015 4F 7.0073 7.4523 -5.97
RS <2000 4E 11.3324 13.6083 -16.72 <2019 4F 14.1979 13,5618 4.69

(FE: D000 TR xoox HE 2 FIIRIX T @%bt CRIX EH R R-AER X EH R /AER X -3 i i <100%)

KIX HIER X LIRS 40 2 RAGER DN & TR MEEN Z R, MRX S5IERXESH
B3I AN TR B A S PR 8596 B BUR IO S B 350 T eI X Bl 22 5, 2R UL R RIS sh s, B R
P I 25 AT X T 90 FARFF M R, 1989 fFib AR SZKU 52, KR AR A 2
1989 4, DAL B IR IX 5 R X 22 5B HOA R AR AR b, SRIFIRASIERL 2019 4, #3R
Ja RS Z R R T RATPRES, Yo H R X 2 20R0 76 s i A s & | R, Mx,
AT 52 B 1 AR A OR3P 15 it 1) 1 1 52 1 1281

AR X 5 ANFEEY I RX GIERXEES 1990 4. 2018 ) 32 vh & S n B w15 2%
X 53R X W62 SRR JG 2 78 0. B3R 6 TRl AMNEBT 2010 F 1K 5 Bk /TR pr AR
bt HRFEM KT RATARMIL, SR AMNEST HR X R TGSl G 7 IRl KEs™
FEIR JE A /N TR ATAR A B, 30 B RIS ™ 19 R X 33842 ol I R RR A V& 3 i, mT e A2 31
TSR IER R SR MR EZ I AE 2000, 2005 KT oRETAELLEL, 2010,
2015, 2019 /N T RATARA LG, U BTG Sl H R X AE 2005 4F DLRT 52 2R A& 30 1Y) 57 T 520 1 18452
POINEE, 2010 4F 2 J58 S St (0 A2 25 3R 55 28 W0 10 IE T S M HR 9 1 3t R SR IS B 0 L 2 e, SCHR[28]
BHE SR HAE 2007, 2010 AEAREHE AR S @I IE T SZMHEE 1 H R R4 TS 306 RE B 1 £ T S
Wi R HAE 2005 K52/ T KA L EL, 2010 4E M 2 5 ¥R BN R 5 224k oK TR i 281k
b, U B KR T 2 R TS sh I S s S B R N E T 4G T 2010 4 AIZ AR IR G
BALELAE 2010 £ KT RATARftl, 2015, 2019 EFAL NN T RATAILLL, W 2010 FHIZE0 I
KX Z 3 T AR IR N E, (HE 2015 2 6 TH RS BT R IR A A R 1 I O THT R 1 9
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Tab.6 Relative Change Ratio of Mining Area and Non-mining Area in Each Mine %
SR IX Y6 AR K& MR eSS Vb A=
<2018 4 -0.44 9.75 -19.66 -26.47 26.42
1000 EKTE & B4 RS <2015 4¢ -4.02 4.64 -21.28 -24.90 8.64
KATAET RE H
- - <2010 4 -1.41 -2.43 -14.02 -23.99 -11.37
R AER L <2010 %
<2005 4 1.39 -13.15 -49.19 -16.07
<2000 4 -25.57 -15.24 -36.88
<2018 4£ 1.72 -4.50 -25.90 -15.99 4.69
2018 4T A A BG4 <2015 4 -2.41 -9.43 -29.71 -16.92 -7.03
KA RE H
— = <2010 -2.86 -15.45 -22.70 -19.76 0.24
RIS A L <2010 47
<2005 4 7.37 -25.78 -38.64 -28.14
<2000 4 -11.67 -38.06 -17.69
<2018 4 2.16 -14.25 -6.24 10.48 -21.72
<2015 4¢ 161 -14.07 -8.42 7.98 -15.66
K5 5 R IZ A <2010 £E -1.45 -13.02 -8.68 423 11.61
<2005 4 5.98 -12.63 10.55 -12.07
<2000 4 13.89 -22.81 19.19
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DRI HR I 28 IS AT S5 R (R 7)) R, ASEFEWE B0 LR vk i) i B i EE AR B 22 e, 52
W) A7 3558 0 99% I W E MR R, q H MR BIMMK ROy B (0.5262) . R A SRR
(0.0507) . P& & (0.0460) FUEMEEHE (0.0029) . Hr, WM q {Hixm T HadszmEy, &
W PR R X AR 2 8] AR 1) = T A 5 R R R B IR R ik s B EXT
BEAZ P I R M T MR R s M7 A T S R R B 55 S P ARETIX NV AR, MRS
B S I, AR Y 78 55 FE T T SRAR T P S I R S RN B

T IR kR RN KT g fE
Tab.7 The g Value of Influencing Factors

EZLSES Wz LK T i L et R SRR

qfi 0.5262 0.0460 0.0029 0.0507

3.3.2 TEEMANIEFZEERRN

M EARNEEER (R 8) Al WA T AR g [EERT 81, RIw R 3L AR e+
AR R AR 5 TR o SRS A RS i IR (0 P R P e, I KT HAR R T B R AR T
Hop, WES LR A SRR AP FE T e, q (B A 0.6519, B R b A FH SR FL IR 1 A5 W] 2
P, HUCUBE SHEPCE SRR FEEN, g {679 0.5649, LR AT 194 {5, Kk, f£
MARY X R, NSRS BT, IR TR M A HEE, O s R AR R AT AL,
e R o 38 BB 38 58 R AR LA, A B I IR o0 A6 U5 3 X ST A AT IR R AN, 4R R
BARTAPEV IRE ST, T L2 0h. PR &S LR SR RS BAR I g 1608 0.1237, 73
P2 B R B S R SRR AR 1 2,67 2.44 £, FTAREEAT X RS A4 AT AR, RAET X L
HRIAK Sy, PR E B N 98 B2 K PR 4 T 0 X S s Mt 7 i AE — e R P2 4] 3R ik 1R R 2
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Tab.8 The g Values of Dominant Interactions

S H ¥ Wz SRR TV 5 R A R
e 0.5262 0.5431 0.5649 0.6519
K E 0.5431 0.0460 0.0521 0.1237
A7 o 0.5649 0.0521 0.0029 0.0541
i 0.6519 0.1237 0.0541 0.0507

3.3.3 TEEMmE XK XiH i 5l

XS IR M AF IS R (R 9, HWERT 35 XN 2 thr s R X, #F— PR A K
DR R X AR e it 5 I 1 R 3 K 3G 568, SR [29]40 48 H 35842 Tl R 400 55 30 A7 A I 35 11 1E A
KK Z, KR > 35 H X2 w0 R0 XK LBy A 5 X 38 P WEN 416.10~420.69
mm ) X X A2 Tl 1 RS X, PRASOAS [R) S ) P T & R I8 AR Tl i 5 B R B, P 3 AR kg
i % T B MG O T MG O MR RSN 0.5~0.6 [ IX N IR R m R X, PR ORI, MR R R
T 0.5~0.6 Z B AIGFE, KT XAEAE, HEE bR E SN EAmEm, & Tk
FHE, TR DhEE 8 I 0 BTN, X SRR [22]% = A T s A A R B R R A R
AU A SRR bk 2 SRR i ) RS By, ARARET IXVE N IR B K R R R, R SE, 5 ES
RIPTEE, SR A K LR ERE S e T, NN sEK b AR EEAR R B )T, BRI
FH b 1 39845 53 E 11 XU

9 PRy e IR X 4 K g 2 i
Tab.9 High Risk Areas and Mean Value of Soil Erosion

SR WREI(D LB K E/mm T4 78 5 P I 28
TR AR X >35° 411.81~416.10 0.5~0.6 AR A
T IR R (Y (hm? 4)) 185.976 26.703 20.935 17.563
4, HERIE

ASCHETAEIE@E A T IER L TR (RUSLE) , 454 GIS fI RS HiR, FT4 X R H X
AKX 1989-2019 4F T IAZ Tl 2= 70 A A 3EAT oA, R TH HRERA EEZY HRIX . ERX -
HEAR D) 22 5 KR X 2 R VG sh T4, R BRI 23 3R 7T X L3RR th i IR 3 /7. BB EE R
T

D ETFHXREE, MR X-P52 s 5 R & E s b 2 LT, 30 a (A 3582 h 1
Bn 30.282x105t, 2005 FARUHFEE AR, 0 2019 FAR i N E ., MR X CUHE AR RO 3
(HEA 62.58%~86.53%) , fE&XHIE /M, REBBIEICHRAME R, PEMBER MR (LR
12.43%~28.15%) , 2 pUREENSM T XA WS 7 LG ALEB R 0 o0 B AR A ) 2
2 (HEN 1.04%~9.28%) , S ACRDMEN XA E. LA

2) BT IFRE, *MEEY 2R 7 Az, KOS 0] 5852 2 7 A ORI 15 it 1Y) 15 17 52
Wi, V5 XS G HAE 2005 SEHTAZ B VG S A, 2010 4F 2 J5 B 50 1 A A5 PR 5% i 5 1 IR T
AR T UL AR, MR A2 B I SR S B Ui s T 4G T 2010 4F, {HJ2 2015 4
A Y G 0 57 1) A7 TH] R B A A R A Y L THT 2 9 B

3) M EARM A ML TR, BH PR X A2 00 B WK BNMRIR N 3
(g=0.526 2) . THLF|FHIEA (g=0.050 7) . B&M&E (g=0.046 0) FIMEHEE G E (g=0.002 9) ; WA
FALFEAE A IR O R s TR R T, SRS oAb s R T P R A B IX AR
EEWE. MWENEIEL, ST IEAENEEESERIEWL, FIHE>35 FREA
416.10~420.69 mm. FE#EE 55 54 0.5~0.6 S A FIFH Hb A DX 3302 fh R X A 388452 e g v XU X o
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A FAFEA L ZATE T YRR 7 LS IIRELLL 30 m 43 ¥R ) DEM %4 5L, 1+
BARST DEM 43 F R LA UK R0, N — P a3 T RS AN DEM i E47 3R EL /K AR R A
F P AT Landsat 52458 (30 m 23 #E) LRI R0 S0 45 5, 0 HESR AN R B 008 %) 43 2k FE 1)
M2 PR PRI R, DR — B T T B IR S S 0 O RS R R, IR AT S b B 8% 5
SRR, HAN, AT RIEE IR IR T, MA SRR E, DIRARAHESEFEAN
G BN AR R S L
S % Lk

[1] MELIHO M,KHATTABI A,MHAMMDI N.Spatial assessment of soil erosion risk by integrating remote sensing and GIS techniques:A case
of Tensift watershed in Morocco[J].Environmental Earth Sciences,2020,79(10):1-19.

[2] RENARD K G,LAFLEN J M,FOSTER G R,et al.The revised universal soil loss equation[M]//Soil Erosion Research
Methods.[S.l.]:Routledge,2017:105-126.

[3] TOY T,0STERKAMP W R.The applicability of RUSLE to geomorphic studies[J].Journal of Soil and Water Conservation,1995,50(5):498-
503.

[4] JAIN S K,KUMAR S,VARGHESE J.Estimation of soil erosion for a Himalayan watershed using GIS technique[J].Water Resources
Management,2001,15(1):41-54.

[5] GANASRI B P,RAMESH H.Assessment of soil erosion by RUSLE model using remote sensing and GIS-A case study of Nethravathi
Basin[J].Geoscience Frontiers,2016,7(6):953-961.

[6] FU B J,ZHAO W W,CHEN L D,et al.Assessment of soil erosion at large watershed scale using RUSLE and GIS:A case study in the Loess
Plateau of China[J].Land Degradation & Development,2005,16(1):73-85.

[71 &%, ARG, BAF, %, JET RUSLE BEAY 0o 8 ek vl i 2 R 7T [J]. A28 %R, 2020, 40 (10) : 3473-3485. (LI
Jialei, SUN Ranhao, XIONG Mugi, et al. Estimation of soil erosion based on the RUSLE model in China[J]. Acta Ecologica Sinica,
2020, 40 (10) : 3473-3485. )

[8] XIBEs%, ®a, A, . MALSTLRE LR SRR LB RSP P EK L REERS, 2019, 17 (6) : 69-
77. (LIU Lulu, CAO Wei, HE Tian, etal. Analysis on spatial-temporal variation of soil loss and its driving factors in North-south Pan
River watershed[J]. Science of Soil and Water Conservation, 2019, 17 (6) : 69-77. )

[9] JIN Fengmei,YANG Wuchao,FU Jinxia,et al.Effects of vegetation and climate on the changes of soil erosion in the Loess Plateau of
China[J].Science of the Total Environment,2021,773:145514.

[10] R 45 IE i, 77 g M. 2006—2015 A ERGEVLINL L2 A B[], P EK L RRRS (hEsr) , 2020, 18 (6) : 33-
42 . (LIANG Shizhengxiong, FANG Haiyan. Dynamic changes of soil erosion in Qiantang River Catchment from 2006 to
2015[J]. Science of Soil and Water Conservation, 2020, 18 (6) : 33-42. )

[11] 5%, WeMi, Mooy, . TR 82 s 2SR AE 2 Fh BRI 0] B S5 RA B4Rk, 2021, 37 (3) : 305-314. (JIA
Lei, YAO Shunbo, DENG Yuanjie, et al. Temporal and spatial characteristics of soil erosion risk in Weihe River basin and its
geographical exploration[J]. Journal of Ecology and Rural Environment, 2021, 37 (3) : 305-314. )

[12] FAA, MiHR, ZRUE. W 0 il i 5t BH 7 2008—2018 4F - 345 il i 28 RRAE 542 1l Fh 5 A8 Ak A3 M [3]. K L ARFRE 2R, 2020, 34
(5) : 94-102. (WANG Zhijie, LIU Shujun, SU Yuan. Spatial-temporal characteristics of soil erosion and erosion hotspots in
Guiyang city of Karst plateau mountainous region in 2008-2018[J]. Journal of Soil and Water Conservation, 2020, 34 (5) : 94-102. )

[131 & E % . ArcGIS (5 B RAE = MM LK HAFEM]. dbal: B2 A4, 2006: 363-422. (TANG Guoan. The Experiment
Tutorial of Spatial Analysis with ArcGIS[M]. Beijing: Science Press, 2006: 363-422. )

14 W=, XEIL, BILHK. RUEFEWARMET D], KEHEFE¥WR, 2000, 14 (4) : 6-11. (XIE Yun, LIU Baoyuan, ZHANG
Wenbo. Study on standard of erosive rainfall[J]. Journal of Soil Water Conservation, 2000, 14 (4) : 6-11. )

[15] WILLIAMS J R,JONES C A,DYKE P T.A modeling approach to determining the relationship between erosion and soil
productivity[J].Transactions of the ASAE,1984,27(1):129-144.

[16] FkBHFI, 2308, L. hE gl ek R A S 0], LESER, 2007, 44 (1) : 7-13. (ZHANG Keli, PENG Wenying,
YANG Hongli. Soil erodibility and its estimation for agricultural soil in China[J]. Acta Pedologica Sinica, 2007, 44 (1) : 7-13. )
[17] MCCOOL D K,BROWN L C,FOSTER G R,et al.Revised slope steepness factor for the universal soil loss equation[J].Transactions of the

ASAE,1987,30(5):1387-1396.

[18] LIU B Y,NEARING M A, RISSE L M.Slope gradient effects on soil loss for steep slopes[J].Transactions of the ASAE,1994,37(6):1835-1840.

[19] MOORE | D,BURCH G J.Physical basis of the length-slope factor in the universal soil loss equation[J].Soil Science Society of America
Journal,1986,50(5):1294-1298.

[20] ZEs=y, T, shEME, %%, R USLE BB 53 (5 B A4 IDRISI Fill /b sk HIER e B AR [0]. K423, 2000, 14
(2) : 19-24. (CAI Chongfa, DING Shuwen, SHI Zhihua, et al. Study of applying USLE and geographical information system
IDRISI to predict soil erosion in small watershed[J]. Journal of Soil Water Conservation, 2000, 14 (2) : 19-24. )

[21] BTG, ARA %, XIEB, 5. /N Ak 4R i 2 R R R e R 3 o BT 0], MR ERME BB AEH, 2019, 21 (11) @ 1755-
1767. (NIU Linan, SHAO Quangin, LIU Guobo, et al. Analysis on spatiotemporal characteristics and factors of soil erosion in
Liupanshui city[J]. Journal of Geo-Information Science, 2019, 21 (11) : 1755-1767. )

[22] B, miLyk, GESCHR. BT M R W0 38 1 w8 ke A R 50 A 2K B0 X - 32 pdue B AR [J]. A% 4R, 2018, 73 (9) : 1674-
1686. (WANG Huan, GAO Jiangbo, HOU Wenjuan. Quantitative attribution analysis of soil erosion in different morphological types of
geomorphology in Karst areas: Based on the geographical detector method[J]. Acta Geographica Sinica, 2018, 73 (9) : 1674-
1686. )

3N Ezhig, HlA. HMERWUS: FESEREDND. #HE¥R, 2007, 72 (1) : 116-134. ( WANG linfeng, XU
Chengdong. Geodetector: principle and prospective[J]. Acta Geographica Sinica, 2017, 72 (1) : 116-134. )

[24] 88/K B, EW . BT X7 oK IR 45 25 6] = B0k % AR A3 A [9]. MBER 24k, 2020, 75 (3) : 607-619. (DAl Erfu, WANG


Administrator
高亮


14 MR

Yahui. Spatial heterogeneity and driving mechanisms of water yield service in the Hengduan Mountain region[J]. Acta Geographica
Sinica, 2020, 75 (3) : 607-619. )

[25] # 3Lk, ZH =H) 65 1km 3 e LR aR AR 4R (2015) [Z].  dbni: EXEEB&SEBIEHEES O, 2019, (ZHANG
Wenbo. Dataset of soil erosion intensity with 1km resolution in Pan-TEP 65 countries (2015) [Z]. Beijing: National Tibetan Plateau
Data Center, 2019. )

[26] H 4 N R IEFNE K FI 3B . 312 1k 40 54> FhrdE: SL 190—2007[S]. dbm: s E KA K HL 4, 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 Power Press, 2008. )

7Bk, ERFE, BEE. s BB kNP, WEBF 7, 2000, 19 (4) : 337-343. (CHEN Shupeng, YUE
Tianxiang, LI Huiguo. Studies on geo-informatic tupu and its application[J]. Geographical Research, 2000, 19 (4) : 337-343. )

[28] X 3. AN XM RS HEEEBREMHFR[D]. bt FEy K (dbx) , 2013. (LIU Ying. Vegetation and soil
moisture monitoring by remote sensing in Shendong mining area[D]. Beijing: China University of Mining & Technology, Beijing,
2013. )

[29] WU, ZRZ0y. T GIS A1 RUSLE M r L X L IR iy =338 m iAo B[], MR, 2021, 32 (2) : 629-
637. (CHEN Feng, LI Hongbo. Spatial-temporal variations of soil erosion in Southern Yunnan Mountainous Area using GIS and
RUSLE: a case study in Yuanyang County, Yunnan Province, China[J]. Chinese Journal of Applied Ecology, 2021, 32 (2) : 629-
637. )

[30] CHEN Hao,OGUCHI T,WU Pan.Assessment for soil loss by using a scheme of alterative sub-models based on the RUSLE in a Karst Basin
of Southwest China[J].Journal of Integrative Agriculture,2017,16(2):377-388.



