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Soil Water erosion status and its impact on the ecological environment in Yulin
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Abstract: [Objectives] Yulin City, an important coal industry and chemical base in China, is also one of the regions with the most
severe soil erosion in the middle and upper reaches of the Yellow River. Studying soil water erosion and its impacts on the ecological

environment during coal development in Yulin City is crucial for promoting high—quality regional development. [Methods] This study
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uses multi—source data and the Revised Universal Soil Loss Equation (RUSLE) to estimate the amount of soil water erosion in Yulin
City from 1990 to 2020, and analyzes its spatio—temporal variation characteristics and potential impacts on the ecological environment.
[Results] The results show that the soil water erosion modulus in Yulin City has gradually decreased, with the erosion intensity shifting
to lower grades. The soil water erosion modulus in coal development areas is lower and has a faster decline rate. Coal development has
promoted the implementation of the "returning farmland to forest" policy and soil and water conservation measures by driving regional
economic development, leading to significant reductions in the vegetation coverage factor (C) and soil and water conservation measure
factor (P), an increase in vegetation coverage, and an overall improvement in the ecological environment. [Conclusions] The study
reveals that coal development in this region has minimal negative impacts on soil and water conservation. Through reasonable
ecological protection measures, a benign interaction between resource development and the ecological environment can be achieved,
which is of important practical significance for ecological environmental protection and sustainable development in the city.

Key words: soil water erosion; Yulin City; coal development; RUSLE model; spatiotemporal variation; ecological environment
Highlights: This study integrates multi-source data and the RUSLE model to quantitatively analyze the spatiotemporal variations in soil
water erosion in Yulin City from 1990 to 2020. By combining the coal development cycle with the implementation period of the "grain
for green" policy, it systematically interprets the spatiotemporal evolution characteristics of soil water erosion, breaking through the
research limitations of a single-policy or single-industry perspective.
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Fig. 1 Main coal development zone of Yulin City
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Table 4 Characteristic values of soil erosion factors in Yulin
HF AL FEHEAE 19904F 20004F 20104F 20204F
KMH 2020.80 1535.83 1970.7 2021.19
R (MJ.mm)/(hm®.h.a) /M 904.66 811.22 788.25 873.51
FHIE 1521.50 1165.16 1336.40 1491.90
EEONE] - - - 0.089
K (t.hm2)/(h.hm®.MJ.mm) He/IMA - - - 0
T - - - 0.064
S5 ONE] - - - 81.11
LS ToEH e/ ME - - - 0.01
R - - - 8.27
S5 ONE] 1 1 1 1
C P e/ ME 0 0 0 0
I 0.232 0.223 0.225 0.148
S5 ONE] 1 1 1 1
P TN /M 0 0 0 0
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S| 19904 -+ He b8/ (t-hm a1 + A S | 20004+ e 2 k(¢ ham 221 - A
g 7 :4198.46 = - 7 - 3837.88

- Yi§ =0 S0
[ ]#K [ ]#K
0 5 100 '2901;1 a 0 50 100  200km b
z, 108°30'0"E 7 108°30'0"E .
é 20104 4R A/ hm>a ™) v A E 20204 HEE B/ hm>a) A
< 1475626 < . 1 4369.95
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[ %K [ ]#K
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El6 HEKmBEL
Fig. 6  Soil erosion modulus
x5 HiskiX Tk mER
Table 5 Soil erosion in Yulin City
T H X35, 19904F 20004F 20104F 20204F G
MR KX 131.58 71.04 101.11 63.97 91.93
THKERIT R X 80.72 4131 64.86 31.65 54.64
N A NG RERR BRI R X 43.88 27.42 37.55 21.17 32.50
iﬁ::?:%fw HREILTT 41X 32.33 20.17 22.33 13.79 22.15
MR T & X 171.20 159.91 131.55 88.23 137.72
FFR XA 135.48 107.27 119.86 96.03 114.66
bk 128.10 100.84 110.67 85.57 106.29
PRI & X 2.36%10’ 1.27x107 1.81x107 1.15x107 1.65x107
THKERFIT KX 1.36x10’ 6.95x10° 1.09x10’ 5.33x10° 9.19x10°
o S NG RERR BRI R X 6.54x10° 4.09x10° 5.60x10° 3.15x10° 4.84x10°
igiiffi/ ML & X 8.67x10° 5.41x10° 5.99x10° 3.70x10° 5.94x10°
MR T 2 X 6.57x10 6.13x107 5.05%10 3.38x107 5.28x10’
FHEX b 5.24x10° 4.15x10° 4.64x10° 3.71x10° 4.44x10°
bk 6.42x10° 5.05x10° 5.55x10° 4.29x10° 5.33x10°
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Table 6 Soil erosion area at all levels in Yulin City km®

Vi1 X35k 19904 20004 20104F 20204F
HRFF R IX P 3260.97 3356.66 3349.74 3759.35

THEE AR WEIRTT R X Hh 8330.69 8789.18 8568.22 9551.08
Mt 11591.66 12145.84 11917.97 13310.43

PEBIT R IX A 347.15 1025.68 586.70 1844.77

IR R TREBTF K X Hh 2515.30 3339.03 2813.05 3798.28
S8aN 2862.45 4364.71 3399.75 5643.05

PERFF R IX A 1540.28 2196.92 2191.26 1768.46

R PRI K X Fh 3813.38 4132.11 3945.23 4055.92
it 5353.66 6329.03 6136.49 5824.38

SRETT R IX N 1488.35 920.75 1106.04 726.51

SR ARk BT K X Fh 3179.97 3225.99 3117.06 3197.85
Mt 4668.31 4146.74 4223.10 3924.36

PREIRTT R IX N 1231.28 890.63 1038.74 763.99

&AL BT K X Fh 4928.61 5206.30 5138.93 5056.67
Mt 6159.89 6096.93 6177.67 5820.66

PRERIT R IX N 1929.36 1406.74 1524.90 934.30

B PRI R X A 10354.86 8430.21 9540.32 7463.02
Mt 12284.22 9836.95 11065.22 8397.32

WF5E B BE PN, BT K X P IS TR 4R sk 45 4% 1)
1R IATEICHE A SR I R B, R b AR ol ) TR o,
FE & DX B, B R b B 4Rl 1 TR 3 S T
15%. 430%., 15%, JF & X A e B2 4= ) T
U I T 15%. 51% F1 6%, ¥ iE/NTIF & X
o T %2 IX PR | AR 5 TR 042 ok A oo ARk
R /N e B, AR Dl ARG IR ARG U A, R 2
FZUZ S5 g, mAU D T 51%. T & X AME5R1Z
Tl L R R A2 okt T AR AR AN, Tl B AR ok T AR N T
28%. MR UL, MR T T & XN - K P £
AR T IR X Ah, WAL T AT K gy, 1
HK M A GO AR ) N — GRS, o R L TRIZLR 0
1] R R R I & XA, BRH X P 7K 37 2k ) RS
B 7R K R, R X K AR G BT R
BN,
24 HBMETH

T 30 a ok, AT IR IT K& 5 A4 S IR BT R T
FE, RS RN B E S MEK R
ARBEB ARG, TR BT B, 133 fR R 13
58, ELREREAIR T IR VD AT, D8R T X EA R R K

PRI Y RRE; C P B AR FEREAR, AR i T i
EER T, JEUAS DR B AN Bl R AR 4 - % 25 K
SN RERE SRR IRV A S RO BT, A2 AR R G A
USR5, FERERIT A XA, i i R G
AR 7K b PR35 1 e A 2 K R TR S, Ml AR ok 5t
JE WIS AR, DIl A 2% Jd S B 1Y ol A AR 17 58 8
O] SR AVRRe SRa SR U NTIR HYIDE SR Gl UL
ARG E TG

33 ®

ACH T RUSLE A5 AL A At X 1990 4F
2000 4, 2010 4FH1 2020 AFARE R TF A2 15 A2 A A i
DX AR % I & X P A1 G A S K b s Bl 4T T
5, FET BRI AN T 5 KRB I 25 5l
BACFRE, 50 T BT XK AR5

TRVMRHI X K BRI R AR R AT S, 1990—
2000 AR I AE R KA, JRL R AT g 3224 P 5 I
D2000 4 {4 R TR A2 1 AR/ @1999 4FAR #FA
MRECR S 2 )5, FE TR B AR, K R RE it
KAk, C HFAEWIN, BB, K 13
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Fig. 7 Soil erosion is classified by intensity

PN = N P ok

2000—2010 AR pUBTEUE AL/, - HEoK phAs
AR SR 10 a [T 9%. M RUSLE
TR A R AR A 43 HT, 2010 AR R R 4=k 07 K+
R 2000 4F3K T 13%. A, AZRL 206 3h
X A SR ) 5 e R 2R G 5 . 2000 AF LUK, KT
R A U R b, EE I P SN, K A OR R e
YA D IR 0 T I | BES IR, S s
AL RN P AN . R R AR e 7 Ml 1o e
FE LS SR8 IR T A& SO0t st 25 s A 3l AR
B 7 55 P A, I E AR AL 2010 4F C {EI . £
FhIAFILEVER T, (15 10 a [l AR A B T4
X} Fe e X 8], 3% 5 A AF 5T 25 e — B (A a4,
2015) o fHJRIZUAZ b 1o R 2 AT — 8 72 BE 0 38
(11%), ULEHBEE IR BFAM TRE | BT & 55 AT
S FHATIFRE, MR K LA RRE A 8] T — 2
BE LR, (HAE R R i X AT AE AR R ZUAR 3 | 4= dy™

Y n)

2010—2020 4, BRI C R FREAK, AR
BRI FHEINT 10%, ZEEEITE 2020 4F ik 2]
AR, b 2010 4EFEAR T 30%, K 7= b 78 i ] B
IR RE R PR K, 6B B & 0o 1% (X HeK ik
BB T TS B PR FME A 1990 4EAY 0.738
B 25 2020 411 0.709 (FEIR 4% ), ZF8AR i ARt 7~
- A AR SR A B T ) AR S TR - AR R
Ji&” 2 IR G A o R 7 3K B A A A il
AR FECR AT R RE, Bl T B E T,
h A SRR A5 T A, Bk T P [ AR
FU, M AT R & A TR A S A SR
TRAEMANT T, S8 T 2 A S QR ES
BE M REE B, R T KIS R G R e .

TR GE IR 7= b B T & s I H, AEAE e i AR
WO ELEN 1 A By, BRI 2 B 1, = ik
(A RE (XIBE4E, 2022) o TR ARAS A 1 T 2 DX N
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T IR R BLECE R B AR 54%, TF R IX AR
29%(3% 5), X N AR ISR LE XA T A PR . X
ATRERE DR T e X 32 B0 A A A AR T B P L, 1%
DX 14 5 I 2 o T /1, o AR ) 2 [ 23 Af 22 57 5|
T KR AR . BRI R R I i B R
Wi S, BEIR I 4 5 R A U A 00 Al mT BE SR 7% X 1
BEK p T P AR AR U . BESE R, 30 a Sk, B
DA KA AN P 1% 4 i A, e T
KA T X b 25 (0845, 2013) o XK
Mo BE T IR R AR () BOR 9% 52, A A T80
PRI, FE RUSLE BRI C AIF{HFRAK. [, B
BT RARBE T IXIMZE T A Je, bk 7K AR R it
Ve ML, P IR TR 2P AR, K s R i T
W, TF % IX R K TR DA BB

4 %5 B

AU BB ARy FEF B, $EHC 1990 4
2000 4, 2010 4FF1 2020 47 4 A~EF )5 85, A RE
il . K] RS B9 NDVI AR . DEM., [ RS
i, IS ZREE, ARG T 1990—2020 4EA4
RH X 32 B e T R X R AR K Bl o, 455
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g R, MR 458,

(1) AMHE DX, A SEK iR 5 B A [R] 220 T A, 4
X AR A A 1990 4Ef4 128.10 t/(hm?-a) N [43]
2020 4Ef1) 85.57 t/(hm*-a)., +3EsK 254 £ 16 AR
— PR

(2) i Al IX. - 498K ok 2 A 1) X358 15 o T 4R e
T XS AE 25 ) e BE T, RARE N i 5 H 3K
Tt ELA A A A DG

(3)1990—2020 4F, i pkHbIX 5 PRI & IX +
B K A RS A i I [) 28 ek D, 3 s T 51%
61%. 52%. 57%. 48%, B K T & XM 29%.
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TR AR 5 M, e 0E A 2SR BE 3

References

Beasley D B, Huggins L F, Monke E J. 1980. Answers: A model for
watershed planning[J]. Transactions of the ASAE-American Society
of Agricultural Engineers, 23(4): 938—944.

Cai C F, Ding S W, Shi Z H, et al. 2000. Study of applying USLE and

geographical information system IDRISI to predict soil erosion in small
watershed[J]. Journal of Soil Water Conservation, 14(2): 19-24(in
Chinese with English abstract).

Cao W, Liu L L, Wu D. 2018. Soil erosion changes and driving factors in
the Three—River Headwaters region[J]. Acta Prataculturae Sinica,
27(6): 10—22(in Chinese with English abstract).

Chen F, Li H B. 2021. 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, 32(2): 629—637(in Chinese with English
abstract).

Chen H. 2019. Spatial and temporal changes of soil erosion and its
drivingfactors before and after the “Grain for Green” project in the
Loess Plateau[D]. Doctoral Dissertation of Northwest A&F University
of China(in Chinese with English abstract).

Chen J, Liao A P, Tong X H, et al. 2015. Global land covermapping at
30m resolution: A POK-based operational approach[J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 103: 7-27.

De Roo A P J. 1996. The lisem project: An introduction[J]. Hydrological
Prochydrological Processes, (10): 1021-1025.

Flanagan D C, Ascough J C, Nicks A D. 1995. Overview of the WEPP
erosion prediction mode[J]. USCD-Water Erosion Prediction Project.
Fu S H, Liu B Y, Zhou Y G. 2015. Calculation tool of topographic
factors[J]. Science of Soil and Water Conservation, 13(5): 105-110 (in

Chinese with English abstract).

Guo S Q, Han L, Zhao Y H, et al. 2019. Temporal and spatial changes of
soil erosion and landscape pattern in the Qinling area[J]. Chinese
Journal of Ecology, 38(7): 2167(in Chinese with English abstract).

Hu Z Q, Li Y, Chen Y. 2020. The mechanism and key technology of the
Yellow River sediment in ecological rehabilitation[J]. Journal of
China University of Mining & Technology, 51(1): 1-15(in Chinese
with English abstract).

LiB Y, Ren Z Y, Yi L. 2015. Dynamic change trend of soil erosion in
Yulin City from 2001 to 2010[J]. Arid Zone Research, 32(5):
918-925(in Chinese with English abstract).

Li G Z, Fu S H, Liu B Y. 2012. Sampling program of water erosion
inventory in the first national water resource survey [J]. Science of Soil
and Water Conservation, 10(1): 77-81(in Chinese with English
abstract).

Li T H, Zheng L N. 2012. Soil erosion changes in the Yanhe watershed
from 2001 to 2010 based on RUSLE mode[J]. Journal of Natural
Resources, 27(7): 1164—1175(in Chinese with English abstract).

Liu B Y, Nearing M A, Risse L M. 1994. Slope gradient effects on soil
loss for steep slopes[J]. Transactions of the ASAE, 37(6): 1835—1840.

Liu B Y, Nearing M A, Shi P J, et al. 2000. Slope length effects on soil
loss for steep slopes[J]. Soil Science Society of America Journal, 64:
1759-1763.

Liu G B, Shang Z P, Yao W Y, et al. 2017. Ecological effects of
ecological projects on the Loess Plateau[J]. Bulletin of the Chinese
Academy of Sciences, 32: 11-19(in Chinese with English abstract).

Liu Y, Wei J L, Yue H, et al. 2020. Analysis on temporal and spatial


https://doi.org/10.13031/2013.34692
https://doi.org/10.13031/2013.34692
https://doi.org/10.13031/2013.34692
https://doi.org/10.13031/2013.34692
https://doi.org/10.1016/j.isprsjprs.2014.09.002
https://doi.org/10.1016/j.isprsjprs.2014.09.002
https://doi.org/10.13031/2013.28273
https://doi.org/10.2136/sssaj2000.6451759x

1060 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

characteristics and driving factors of soil erosion in Shendong mining
arealJ]. Science of Surveying and Mapping, 47(1): 142—153(in
Chinese with English abstract).

Nachtergaele F O, Velthuizen, Verelst L, et al. 2012. Harmonized World
Soil Database (version 1.2)[DS]. International Soil Reference and
Information Centre.

Peng S, Ding Y, Liu W, et al. 2019. 1 km monthly temperature and
precipitation dataset for China from 1901 to 2017[J]. Earth System
Science Data, 11(4): 1931-1946.

Qin J X, Wang Z L. 2011. Research on predicting soil erosion in Conghua
City based on GIS and RUSLE[J]. Pearl River, 32(2): 37-41(in
Chinese with English abstract).

Tao H B, Wang W F. 2018. Analysis of nitrogen and phosphorus losses in

soil erosion process based on GIS Taking Dingxi City Anding
District as an example[J]. Journal of Green Science and Technology,
(24): 15—17(in Chinese with English abstract).

Wang B W, Yang Q K, Liu Z H, et al. 2007. Extraction of topographic
factor values of the modified universal soil loss equation based on
DEM and GIS[J]. Science of Soil and Water Conservation in China,
5(2): 18-23(in Chinese with English abstract).

Wang D H, Fang Y H, Li J L, et al. 2022. Analysis of precipitation
characteristics and precipitation prediction in Yulin area[J]. Yellow
River, 44(5): 30—34(in Chinese with English abstract).

Wang W Z, Jiao J Y. 1996. Qutantitative evaluation on factors
influencing soil erosion in China[J]. Bulletin of Soil and Water
Conservation, (5): 1-20(in Chinese with English abstract).

Wang Z Y, Chen X Y, Ma C S, et al. 2021. Changes in soil erosion and
ecological service value before and after the conversion of farmland to
forest in Yulin City, Northern Shaanxi[J]. Journal of Northwest
Forestry University, 36(3): 59—67(in Chinese with English abstract).

Wei J M, Li C B, Wu L, et al. 2021. Study on soil erosion in
Northwestern Sichuan and Southern Gansu (NSSG) based on
USLE[J]. Journal of Soil and Water Conservation, 35(2): 31-37,46(in
Chinese with English abstract).

Williams J R, Renard K G, Dyke P T. 1983. EPIC: A new method for
assessing erosion's effect on soil productivity[J]. Journal of Soil &
Water Conservation, 38(5): 381-383.

Wischmeier W H. 1971. A soil erodibility nomograph for farmland and
construction sites[J]. Journal of Soil and Water Conservation, 26:
189-193.

XuY H, LiJ Y, Ren C, et al. 2020. Dynamic evolution and prediction of
soil erosion in Yulin City, Shaanxi Province[J]. Journal of Anhui
Agricultural Sciences, 48(13): 63—69,77(in Chinese with English
abstract).

Yang R, Li Y C. 2013. The study on the standards of ecoligical
compensation for coal resources development in the north of
Shaanxi—Taking Yulin as an example[J]. Journal of Xi'an Shiyou
University (Social Science Edition), 22(2): 1-6(in Chinese with
English abstract).

Yang Y K, Xiao P F, Feng X Z, et al. 2017. Accuracy assessment of

seven global land cover datasets over China[J]. ISPRS Journal of

Photogrammetry and Rmote Sensing, 125: 156—173.

Zhang E W, Peng S Y, Feng H M. 2020. Sensitivity assessment of soil
erosion and its spatial pattern evolution in Dianchi Lake Basin based on
GIS and RUSLE[J]. Journal of Soil and Water Conservation, 34(2):
115-122 (in Chinese with English abstract).

Zhang K L, Cai Y M, Liu B Y, et al. 2001. Study on soil erodibility and
its application in the Loess Plateau area[J]. Acta Ecologica Sinica,
21(10): 1687—1695(in Chinese with English abstract).

Zhang Z, Ren Z Y. 2011. Temporal and spatial differences and its trends
in vegetation cover change over the Loess Plateau[J]. Resources
Science, Resourves Science, 33(11): 2143-2149(in Chinese with
English abstract).

Zhou L H, Wang P T, Cao R C. 2022. Analysis of driving factors of soil
erosion and evaluation of ecological security in Yan'an City from 2000
to 2022[J]. Journal of Ecology and Rural Environment, 38(4):
512-520(in Chinese with English abstract).

Zhu Q M, Wang N, Liu J E, et al. 2023. Changes in soil water erosion and
driving factors in the ecologically fragile area of northern Shaanxi — A
case study of Yulin City[J]. Research of Soil and Water Conservation,
30(5): 41-51,60(in Chinese with English abstract).

Zou Y D, He L, Zhang X P, et al. 2021. Characteristics of land use
structure change in Beiluo River Basin during 19702019 based on
Google Erath engine[J]. Journal of Soil and Water Conservation,

41(6): 209-219(in Chinese with English abstract).
Bt Fp 325 B Sk

Atk THSC, abde, 4. 2000. 7 F USLE #7053 IS B R 40
IDRIST F i /I 3 35 4 598 4= b o (0 BF 9 (00, 7K £ O $5 2548, )
19-24.

WA, XU, S5F. 2018, VTR X - 364= AR b K 3R 3 PR 47 (9],
FOl AR, 27(6): 10-22.

[, ZE2T k. 2021, 3£ T GIS M1 RUSLE FYTELRG Ll X 49042l i 25 3
AL A TG E I [0]. B A 52431, 32(2): 629-637.

T, 2019, B 4 5 R FEA BT 5 I3 - A= D ) 4 AR 2 3K 2l B
F W5 (D). PACRMABH R 2 A2 008 3

FrEAE, XS0, Btz 25, 2015, B KR 8 T (0], ik
AR, 13(5): 105-110.

SRIIR, WA, UK, 4F. 2019, Z2 0 Hh X 3R Pl s AR e A%
Jai (3], AR 223K, 38(7): 2167.

BAYRBL, 205, BRVE. 2022, FR DR AR SAEE v /R LI S 0G4
BRI, vh E w224 4], 51(1): 1-15.

ZERHSE, AR AL, BIR. 2015. 2001—2010 4FEHbkTT L3R 3h 25725 4k
BT, TRIXWES, 32(5): 918-925.

2R, FRANAE. 2012, 3T RUSLE FAIFFET i 3% 2001—2010 4F 1
WA AR (0], FSRYEIE A, 27(7): 1164-1175.

ZER)T, PR E AR, XIFE . 2012, FREDK R AR A Tk ],
K AR FRE, 10(1): 77-81.

XNEM, bR, Bhcl, 2. 2017, % b g 5 A 5 T AR AR R
B3 Rk BEBE I, 32: 11-19.

XUHe, Bma A, kg, 8. 2022, MURT X RO 23 45 AF K 3Kk 3h 1143


https://doi.org/10.5194/essd-11-1931-2019
https://doi.org/10.5194/essd-11-1931-2019
https://doi.org/10.1016/j.isprsjprs.2017.01.016
https://doi.org/10.1016/j.isprsjprs.2017.01.016
https://doi.org/10.3321/j.issn:1009-2242.2000.02.005
https://doi.org/10.11686/cyxb2017359
https://doi.org/10.3969/j.issn.1672-3007.2015.05.016
https://doi.org/10.3969/j.issn.1672-3007.2015.05.016
https://doi.org/10.3969/j.issn.1000-1964.2022.1.zgkydxxb202201001
https://doi.org/10.11849/zrzyxb.2012.07.008
https://doi.org/10.3969/j.issn.1672-3007.2012.01.013
https://doi.org/10.3969/j.issn.1672-3007.2012.01.013

FaakE oM

XA PEAS: JE T 7K i R AR AT AR I 304FE BT A it vp 3K Ty = itk Bl 1061

Bl MLRbE, 47(1): 142-153.

BT, FIRFL. 2011, F£T GIS Fl RUSLE Y M AL T 3842 - 350
WFFT 0], NRERIT, 32(2): 37-41.

B sty sk, ESCK. 2018, JEF GIS 434 342 ik B v U U K 4317 -
PLSE P T 2852 Ko B 0], SRR, (24): 15-17,19.

TEFR, A EhRL, XRELr, %5, 2007. 2T DEM A1 GIS (& 1538 FH + 35
R A REHIE R FE B L], o EDK R, 5(2): 18-23.

FRWG, W, 24Tk, 5. 2022. M X FEK FEAE ST B ffk 12 i
WILI]. A ESEE, 44(5): 30-34.

FT R, 45T, 1996, v E Y H-3EE M PR FST (0], K AR
R, (5): 1-20.

TP, BRIBEH, SRR, 5. 2021, Bt B Ha Ak fE a2 il
RS MRS e 84S 0] PR B 24, 36(3): 59-67.

Bifd e, 2=k, A, 4%, 2021, 2 USLE B9 H R Pt = il
T ], K AR, 35(2): 31-37,46.

WBIR, ZE50E, AE b, 55, 2020. BV AT H 5002 i sl 2508 A R 390
WL, LR R, 48(13): 63-69,77.

ek, 25508, 2013, BRALIERBTIRIT 5 AR S AMEAR HERT I —— LU AR

TATABILT]. VLA Rz 2840 (B2 0R), 22(2): 1-6.

N, AT RRIE. 2011, ¥ - 8 b X AR T 25 AR AL A 25 25 58 R R ke
T, PR, 33(11): 2143-2149.

KB, =, WAEME. 2020. 25T GIS Al RUSLE [ ¥ it 37 5 4- 42
15 ol AR P ST A B s DA R 38 AR [T, K PR R R, 34(2):
115-122.

JRBRET, E W, HEE. 2022, 2000—2020 4F4E 24 1 - 4 m IR 3h [
RO RAES TN (D], AR SR IR A4, 38(4): 512-520.
AREAR, i, SKIBETE, 5. 2021, 3T GEE %4 ¥ & A9 4k 1% 3 Jit 3%
1970—2019 4F- + i F| FH 4584 A8 LR AE (0] /K H AR F5IE 3R, 41(6):

209-219.

SKARLF, 25Kk B, X520, 45, 2001, 35 A iR J5UH X -3 T il K H R
BEFE 0], A 2524k, 21(10): 1687-1695.

rp A R 3 K RS . 2007, - 42 4k 43 28 43 G bR il SL190—
2007(S]. e AR ILFNEKFIES.

RIA, T, KRR, 2. 2023, Bt A: 255 X+ ek s (b K 3K 5
LA A [0 K - ARHERIFSE, 30(5): 41-51,60.


https://doi.org/10.3969/j.issn.1001-9235.2011.02.012
https://doi.org/10.3969/j.issn.1672-3007.2007.02.004
https://doi.org/10.3969/j.issn.1000-1379.2022.05.007
https://doi.org/10.3969/j.issn.1001-7461.2021.03.09
https://doi.org/10.3969/j.issn.0517-6611.2020.13.019
https://doi.org/10.3969/j.issn.1000-288X.2021.6.stbctb202106028
https://doi.org/10.3321/j.issn:1000-0933.2001.10.018

	1 材料与方法
	1.1 研究区概述
	1.2 研究数据
	1.3 研究方法

	2 分析结果
	2.1 土壤水力侵蚀主要因子
	2.2 土壤水力侵蚀空间分布和时间变化
	2.3 煤炭开发区土壤水力侵蚀情况
	2.4 生态环境变化

	3 讨　论
	4 结　论
	参考文献

