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Abstract: [ Objective ] Soil erosion is a prominent ecological problem in southwestern Hubei Province. A
reasonable assessment of the vulnerability of soil erosion in this area and exploration of its driving
mechanisms are prerequisites for effective soil and water conservation measures. [ Methods | The effects of
natural and socio-economic factors on soil erosion in southwest Hubei were analyzed from the perspective of
the human-land coupling system. The evaluation index system of soil erosion vulnerability in southwest
Hubei was constructed from three aspects: exposure, sensitivity, and adaptability. The comprehensive
weighting method was used to determine the index weight. [ Results ] (1) From 2010 to 2020, the
vulnerability of soil erosion in southwest Hubei generally showed a trend of decreasing first and then
increasing. The vulnerability of soil erosion with strong and above intensity showed a fragmented distribution

pattern, which was mainly concentrated in the central and southern parts of southwest Hubei and the
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western part of Yichang municipal district in the east. (2) The area with the highest sensitivity in the study
area was concentrated at an altitude of 800 ~ 1 500 m, and the sensitivity was the largest at a slope of 25° ~
35°, and showed a decreasing trend to both sides. When the slope was greater than 15°, the area with higher
and higher sensitivity increased sharply; (3) Soil erosion vulnerability was higher than soil erosion intensity
at higher and above soil erosion levels, and lower than soil erosion intensity at lower and below soil erosion
levels. There was a synergistic trend between soil erosion vulnerability and soil erosion intensity. (4) The
distribution pattern of soil erosion vulnerability was caused by a multi— factor synergy. The analysis of the
geographical detector showed that slope, vegetation coverage, education quality, and urbanization rate have
strong explanatory power for soil erosion vulnerability. [ Conclusion] In the future, it is necessary to attach
great importance to the protection of vegetation coverage in areas with a slope>>15°, and to enhance the
awareness of local residents about soil and water conservation by improving the quality of local education and
strengthening the publicity of soil and water conservation.

Keywords: southwest Hubei; soil erosion vulnerability; RUSLE model; geographical detector; temporal and

spatial changes
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Table 2 Table 2 Comparison matrix, weight and consistency of each index factor of soil erosion vulnerability in Southwest Hubei
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Table 3 Change rate of soil erosion in Southwest Hubei from 2010 to 2020
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Table 5 Grading standard of soil erosion exposure factor in Southwest Hubei
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Fig.3 Distribution of soil erosion exposure in Southwest Hubei from 2010 to 2020
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Fig. 4 Distribution map of soil erosion sensitivity in Southwest Hubei from 2010 to 2020
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i &8 6 AT, 2010—2020 398 43 ol e 55 P 2 A
SRR S T R B B R DU eSS P 5
& S SR o T S W(TE (N 6 DI PN D DB W ot
ME R PWE R AL kg R . 20102020 4 IfE 55 14 19
e RAHHE AR AR 53X 55 50V 3 2% 58 B T v R R K
OB SE R ARG T i L 3 I RE ) 8RR T A G
HY T3 IV B 7 7 e 55 P PR A0S SRR AR R R

RTH 138 N BE ) e B ARG 55 1 v B9 STHR A 4% 2020 4F
AR ol 55 1 i R B AR AN A L L DX P i 5
f/MAETEBAE BT, B8 2855+t 23 19 %, s AL A
T S S BB P B N A A 7 i Bl v
TR VBUZ L o B B SO B SR
e o 7K U S TR B 8 L R AR 3 K e A A5 e
S5k R /ME E T

http: // stbexb.alljournal.com.cn



CHRE|

=42 55 BT RUSLE A5 51 3 1PR 0 &% 1) 50 PG g - M6 42 o s 55 1 F 99

Sk LWL il AN TR) A G AR ol s 55 ) B A AR
flish B TR 256 o0 BT WG 555 2 114 25 1 i 3 R 1 4R I8 A ik
AR o B AR IS L K s PR DL 1.1,1.6,2.2,2.7 2
W A AT 43 G, 43 06 1N G 55 P AR RE AL AR R
S VBRI 5 g, A A HEAR ok i 55 1 A R (B T

B 7 WA, 2010 AF & ME 55 1 5 R R A A,
2020 A o M 55 M 5L 0 R A 4 b Rk ar A, R B

(a) 20104 (b) 20154

3 AT AR SRV AR R R 0 b SR A IR B R T R P R
HBIX o izt DX LA R O L 7z K R
S R E B KR ZE L AR st B R RO
FEW R BH T B 5 W0 A [R] i %
M DX K A2 T K R U R T T B R R B0
Iz 2Pt 2 R AR XI5 AT 7K PR 2
55 4 3 I AE B R B s A
(c) 20204

e [0 |

|

0 30 60 120 km

Ea b

B 7 2010—2020 £BEFLEEMREHFEL R
Fig.7 Grading map of soil erosion vulnerability in Southwest Hubei from 2010 to 2020

23 1TEEMEESIECHMBEEMEMNLR

2 8 A1, 20102020 4F % 74 1 + 4812 1 g
55 MR R M DL B AR G n A2 i B L 2010 AR Y
11.48 %88 F| 2020 4E Y 14.40 % , [A] 3 + 542 1h 5in
JETRAR 5 el 10.87 Yo B I 12.34 %6 , R H =5 K LA
SO v A R AR ok 5 M AR
PAF 25 R 42 il i AL EL R 2010 4R A9 70,81 %0k 20
F 2020 4F 1Y 63.29 Y0 » [F] 40 942 ol i B 1T AR o5 LE ER

72,12 %8I B 72.52 % , RIABAR K LLF B 55 MK T
(R E . XREH T MR AR S 2R
A TEE S, — 7w, ME55 T FAR IR T84 & + i
IR 55 T AR B B A% TR R K B R AR M I R R
FL R o, (45 e 55 R W8/ s o5 — O I AL S G U AR B
AT A o8 G 559 1 P 18 2o A v 32 310 35 N RE ) B 5
%) LA A FH & e 25 501G 55 1 1 A A1 o 2 B S PR T 42
Tl 5 i

F8 20102020 ES AT EEMEENLEEHGEHESERS HmEMRMLILF]

Table 8 Distribution area and proportion of soil erosion intensity and soil erosion vulnerability in Southwest Hubei from 2010 to 2020

2010 4 2015 4 2020 4
£ + YR R B TR U 5 YR R B - HEAR ol e 55 R R B AR ol e 55
WA/ km? LB/ % A km?® LB/ % R km?® LB/ % A km?® LB/ Y% A km?® B/ Y% A km? LB/ %
U ek e , _ i ,
e — 14 907  53.43 13992 50.15 16 578 59.42 14 132 50.65 15 348  55.01 12 480  44.73
RERME ) ) )
IR 5214 18.69 5764  20.66 5025 18.01 6 806 24.39 4 886 17.51 5178 18.56
I
O R/ , , ) , ) , ,
- 4 746 17.01 4940 17.71 4103 14.70 4309 15.44 4397 15.76 6223 22.30
).
SRR/
P 2 546 9.12 2 690 9.64 1871 6.70 2102 7.53 2 661 9.54 2 897 10.38
EC 1Ay B 27
W5k 25 R 5 )
488 1.75 514 1.84 325 1.16 552 1.98 608 2.18 1123 4,02

R/ g 5 1

ST RN AE T A A A2 ok 5 RN A 496 4R 1k
i 3553 P ) O 2R K S T A1 3 S ) 45 0 1) 42 ok i 32 0 G
55 14 Eb A HE AT AH SC M 4 A, 25 SR I L W 3 1 A O
FRECH0.984, I o W 2 PR 5 (p<<0.01) , KU
L R AR OGO R U W] AR k5 R - 4R
ol e 55 1 A A DI TR ARl
24 TEEMEFEEESEFIM

I FH BRL 7R 000 28 R 5 A ol e 55 1 1 3K B 7
SRR, RSN ESFH RS HRE T

Rt S QT T 8 R B 5 O T R
Pl - H ARl e 555 P % i R T AR L A R ) R Y
SO PR B BE (g =0.154 6), FLyk g bl ok 7 35
(¢q=0.096 DM FH FH (¢=0.069 7), X — L1
TR B A B 25 N O R e 55 )
HF
309 #

AWF5E W], 20102020 4F S 74 BF 4 412 1 i
SRR R e BN JE R e, XS 4R

http: // stbexb.alljournal.com.cn



100 K AR IR R

5 38 4

SECOTXT WA AR Dl B A 2 AR Ak I BIF O 4 SR A
S —2. A B K £ BRI (20182030 4F) ) Y
BdE R 20102020 4, U N 32 25 IR K AR5
FEE L RAS s AR BURSN [F B € N2 N & 7 I NP S
FBVEAEK R R TR 1 45 7K A U 5 B % i
U s R B T K £ LRI (2016—2030 4F) )5 (1 B ds
7R,2010—2015 4F, B & 1 R U A6 A Rl AR =KL AR R
FEA 15 AR, R IR B T A5 . 2015—2020 4F L B
W+ 5% AR B BH 505 6 BB e 1 5K
PR 5 A 7R S it L T 3 A T A AR A
el 5 v I T X K R (AR RV R AR (R
L BT S RN SR NGO < E N

AT T M B S RS T AR ol ME 55 1
() = ZLIR 2 77 o0 W BE R B 5 R L R A IR
b3, 3x 5 CHEN 48 W58 & B, B W . 138 Af o
WA A AR AT & e TR A N T 1 AR
(URTRT R W e o/ O S R NS I B NG
USRI R B T RS N R B NS
Bl DA R AR 25 B R R TH AR I S0 R R A XA 2 PR 5 i 55
(0 32 PR B R AR o R R B B G R O R
TR T QAR TR L b B A
JEE ) 725 A A0 B TR A 4 S T R ) - R R i
FE 35 B I 05 B (E 22 00 BE A B R A 3, AR il
IO, B kR AR A R R e - HE R e
55 ) R R B0 2, T R O R
{32 o i 555 P 1 2 R BT AR R X B S A ek B
5 BE A, 38 21 2 R L b A 1 i B2 R BE ) A BR L R i
R JEE %) 4 T T Jok 200 9 42 Tl [0 B ey —F 8 G 8 L AR R
RKRIKERIREE ST, s B Y A
TG ok o8 A5 G 55 PR 4 0 . AR Dl G 5 1 32 N Ml A
HAE YRR, 20 IO R T R SR R ) e 5 Y
FEASHEF. AMZEE R EZm KRR
Be 7 28, & 5% ) - HE AR b e 55 M 0 AR S
R, AR YE KT A T R E L RO AR
TR B A1 L 3 IO BE TR . 2 HCH KO BRAR Y 24
A 22 DA — I ARl o A T X o ol AR o AR T L
N RE )22, FAE AT 5 T8 il 3 Rl , B i 5 1
DX 30l LA T S SR 1 N T SR A RO AR S R B I T4
e R E A M S 0 R L e A O
Al v Bl el oy 1) 3R AR L 5 SOk T R 5K IR e
8 A Ml FH 1l A YAk Ry A 8 P b, 7E R I L T
b R A IR | M ) DR R 42 A B R M . B
R R,

A SCR RV T - HER Dl 55 1 5+ 4= il s
e 2L IFFE e 3 5 10 3 IR A 6, B P ) B Ak

g X 5 PR S AR I KTT B S E AR A
i 55 1 5 A A h 3 v Ak B — B R A 5
5 R —%, 2010—2020 4, SF VG g K AR TR T £ 1
AW & T R R G RK R TR AL
DA 2R (A5 3Bk b (9 7K 1 3 R A5 B sih B, R
T BT R, R A by IR S5 Dl R AR 3 AR DX 3R
F FR AR 55 3275 30 42 5 ARAR TR TRk R PR BE7K 1 1 B
JI IR AR A IR B AR S AR AZ IR Y
TR R AR 1 338452 o e 553 P8 DAL 7Tt AS Tl 553
4 4 ig

(1)2010—2020 4 SR 74 Fg 4 3 4= b ol 8 1A 52
PRSI 5 B R B a3, 2020 4F 42 58 B 4% 2010 4E
FEARMRFFAAS AR IK 4 30 R BURAS 28 5 W0, H 3 B 42
T R R ZU AR ol L R G K A, = 3 Sl
24.46 Y0 FN27.27 %0 A Je AT i X 32 X3 K AR
FEBIA

(2O F U 434 2010—2020 4F 5074 7 H#b JE A
FOHBURAE Y 5 e, 2 W 5 DX RURR M e 1 X B AR
FRTEHF IR 5 800~1 500 m . B M 78 I i 25° ~ 35°
5 A 52 Y ] 7 38 U ) A 3 B 157k U
5 ZU A AR P R L 2 30 B > 150, e s K D b R
T AR 2R3

(338 i A J LT A AR A S A TG IR R
GEVTA TSR Dl G 5 R A R R RO A R 3
B 1 AR TEAN 48 AR BE S A AR B X K £ 9K T X,
20102020 4F5R VY g + HEZ 1l ife 59 1k SR b S e
BEAR S T s ok A, oo R B 1 b 4 ol s 59 1 2 P W
(8 b R o3 A 32 SR vh 43 A A SR PG R AR S L0
KW AR BT R PTHHIX

(4) SR VG R 103 ok 5 B R = M4 Dol Y o 1 22
FHEARDC I AAAE U R 22 fh ka3, R R i B0 2% XoF
AR I B 5 1 1 32 K Bl AT U PR b L 2 SR R
i R T S AT 4 AR TN R S R
Jo R AL AL 3 R ok T B i 3 0T B > 157 b X
P AR o B DR, O3 2o B2 0 Y B 20 B, oK
R R E AL B BT Y R R K BRI
SR
[1] JANSSENA M A, SCHOON, M L, KE W. Scholarly

net works on resilience, vulnerability and adaptation

with in the human dimensions of global environmental

change[ J]. Gobal Environmental Change, 2006, 16 (3)

240-252.
[2] SHACHI P, PARMANAND K, MIODRAG Z. et al.

Recent advances in assessment of soil erosion vulnerabil-

ity in a watershed[ ] ].International Soil and Water Con-

servation Research,2021,9(3):305-318.

http: // stbexb.alljournal.com.cn



1

k]

=48 45 BT RUSLE A5 51 b 232 00 2% 119 50 PG R - 06 22 o Jia 59 2 9 101

(3]

(4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

(12]

GARCIN Y, SCHEUFB E, DARGIE C G, et al. Pub-
lisher Correction: Hydroclimatic vulnerability of peat
carbon in the central Congo Basin[ J]. Nature, 2022, 612
(7938) : E9.
TIMMERMAN P. Vulnerability, resilience and the col-
lapse of society: A revicw of models and possible clim-
natic applications [ D]. Toronto, Canada: Institute for
Environmental Studies, University of Toronto,1981.
IPCC. Climate change 1995: The science of climate change
by IPCC WG 1[ M]. Cambridge: Cambridge University
Press,1996:571.
YU R4, £, 45.2000—2018 4E N Sl v IX “ 4k
BGUTAL AT B A RGN 5 M A KOG R S R
(I 252 4] . 2023,43(6) : 2271-2286.
WANG Y Q, SONG SY, WANG ], et al. Vulnerability e-
volution and key influencing factors of ecology-economy-
society composite system in sandy area of Inner
Mongolia from 2000 to 2018 []J]. Acta Ecologic Sinica,
2023,43(6):2271-2286.
WU X Y, ZHU C L, YU J B, et al. Ecological vulnera-
bility in the red soil erosion area of Changting under contin-
uous ecological restoration: Spatiotemporal dynamic e-
volution and rrediction[ J].Forests,2022,13(12) :e2136.
X R A L AR B AR A S M S R 5 A KR
L AEB GRS ER . 2020,36(1) : 34-43.
LIU H, SHI X Y. Spatio-temporal evolution and zoning
of ecological vulnerability in Jingle County[ ] ].Journal of
Ecology and Rural Environment,2020,36(1) :34-43.
TR IR R K AL IR 2R I T K VR H AR S i 58
WA SRR AT L) A4 541, 2018, 38(2) 1 432-442.
WANG Z J, SU Y. Ecological vulnerability assessment
and characteristics analysis of water sources in
Hanzhong City, Middle Route of South-to-North Water
Diversion Project[]]. Acta Ecologic Sinica ,2018,38(2):
432-442.
T4 2R Ry, R S5 KR R 3 XA AR 25 e 55 1k M
BB E AT L] 2 F 4 ,2022,47(8) : 59-69.
HE L H, L1Ji S, WANG X, et al. Analysis of ecolog-
ical vulnerability and ecological restoration effect of
[ J 1. Surveying and
Mapping Science,2022,47(8) :59-69.
E IR, TR ERTE B EE  AE . = R IXAE 2 S ] i 55
B 25 3 A8 Ry AR [T K 4 48 5 BF 58, 2023, 30 (1)
348-355.
WANG Z L, ZHANG L Y, ZHONG W Y, et al.

water source protection area

Spatio-temporal evolution characteristics of ecological
space vulnerability in the Three Gorges Reservoir area
[J].Research of Soil and Water Conservation, 2023, 30
(1) :348-355.

WAL & K FT. 2021 AL A K LR A MLZ] R

[13]

[14]

(15]

[16]

[17]

(18]

[19]

[20]

,2021.

Hubei Provincial Department of Water Resources.
Hubei Provincial Soil and Water Conservation Bulletin
in 2021[Z].Wuhan,2021.

SO 2R BRE A b [ Rl vk B AR 58 v AT
FE[1] M P2 4 . 2021,76(9) 1 2253-2268.

CAI X R, L1 Z Q, ZHANG H. et al. Study on the vul-
nerability of glacier change in Tianshan Mountains, China
[J].Acta Geographical Sinica,2021,76(9) :2253-2268.
7 N IR 1R N e o e = i @ B
PP LI] AR KT, 2018,49(10) £ 30-35.

YANG Q L, DING P K, XIAN W, et al. Evaluation
of soil erosion sensitivity in Northwest Sichuan[]].
Yangtze River,2018,49(10) :30-35.

PRI, 25338 21, BB, 5. 3k T VSD B 8 + 5 i
o e 1 AR X B a2 2 s M T A LU R A e Pk
BT 5 X IR 5 PR35, 2018,32(11) : 74-80.

CHEN F, L1 Z H, DONG S C, et al. Ecological vul-
nerability assessment of counties in hilly and gully re-
gions of the Loess Plateau based on VSD model: A
case study of Lintao County, Gansu Province [ ] ].
Journal of Arid Land Resources and Environment,
2018,32(11) :74-80.

WA AR, I L S R DRI A Y R S R
(10K R AR FEE 4, 2021,41(4) :357-367.

XU Q. JIAOJ Y, YAN X Q. et al. Progress and prospect
of road erosion research J].Bulletin Soil and Water Conser-
vation,2021,41(4) :357-367.

WEI H J, XUE D, HUANG ] C, et al. Identification of
coupling relationship between ecosystem services and ur-
banization for supporting ecological management: A case
study on areas along the Yellow River of Henan Province
[J].Remote Sensing,2022,14(9) :e2277.

BRI LL, FEAG DL 3 o B U AR XA ] - R 5 R
AN AR D R AE LT K AR R AR, 2021, 35(3)
96-103.

WEI Y H, JIAO J Y. Characteristics of erosion and
sediment yield in small watersheds under different land
use patterns in loess hilly and gully region[ J].Journal
of Soil and Water Conservation,2021,35(3) :96-103.
AR 0 W, B UE MR, A 3B M b 2% A AR X b T 7
TR IR )]k 2 PR 522 4R . 2020,34(2)  71-77 . 85.

LI Z G, LIANG X L, HUANG H L, et al. Effects of
surface relief on overland flow on sloping farmland[J].
Journal of Soil and Water Conservation, 2020, 34 (2) ;
71-77,85.

R L A A AR BT , AR A T R A S TR G
S3TE K K B gy [T 4R 2 % ik, 2018, 38 (12):
4155-4166.

LINJ H, HU G J, QI X H, et al. Eco-environmental

http: // stbexb.alljournal.com.cn



7K PR A

5 38 4

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

vulnerability and its driving forces in the urban ag-
glomeration of the Fujian Triangle[]]. Acta Ecologic
Sinica,2018,38(12) :4155-4166.

BB LA, o S TR I GIS Y B I R
WASTEGAITMHLI] T R X H, 2022, 45 (1)
164-175.

AO Y, JIANG L F, BAI Z D, et al. Comprehensive
evaluation of land ecological quality in the Yellow River
Basin based on grid GIS[]J]. Arid Land Geography,
2022,45(1):164-175.

FEAfE B B A L 55 B T MODIS Ml Landsat 34
P4 YL 7K AT AL 3 S 4R ol i s S AR S LT ] K R AR R
#%,2022,42(3):131-138.

DU M, ZHAO J Y, YANG J, et al. Spatio-temporal
variation of soil erosion in Huangshui River Basin
based on MODIS and Landsat datal ] ].Bulletin Soil and
Water Conservation,2022,42(3):131-138.

CHEN SF, ZHA X, BAI Y H.et al. Evaluation of soil
erosion vulnerability on the basis of exposure, sensitiv-
ity, and adaptive capacity: A case study in the Zhuxi
watershed, Changting, Fujian Province, Southern
Chinal J].Catena,2019,177:57-69.

ViR A Y e = I ol N SR e we R OB
oG Z [T 74 g Mol K324 CH AR B2 AR L, 2017, 37
(4):82-90.

CHEN Z H, YAO X, YUK'Y, et al. The evolutionary
relationship between ecological vulnerability and soil
erosion in typical red soil regions of southern China
[J].Journal of Southwest Forestry University (Natural
Science Edition) ,2017,37(4) :82-90,

kT AR R KL AL BF L T I F MODIS By B 7Y
B 20 AF A A BT AL I A AR Ak e L BR ) Ty B9 [T K 1
PRFE2 M, 2023,37(2) :111-119,198.

ZHANG S Y, FAN Y F, YAN L, et al. Study on the
spatial and temporal changes of ecological quality and
its driving forces in Shaanxi Province in the past 20
years based on long-term MODIS[ ] ]. Journal of Soil
and Water Conservation,2023,37(2):111-119,198.
Bz AR B S b RO XOK R R
ARIPAG 575 R AHT - LA FE R BT ). A= 4824, 2019, 39
(16):5809-5819.

WEIY J, ZHEN L, HU Y F, et al. Evaluation and
demand analysis of soil and water conservation technol-
ogy in typical areas of the Loess Plateau: Taking Ansai
as an example[ ] ]. Acta Ecologic Sinica ,2019,39(16):
5809-5819.

de SOUZA A C, BARBOSA L F E, DINIZSF, et al.
Methodology for understanding soil erosion[ ] ].Journal
of Sustainable Development,2022,15(4) :e43.

PANTA B, BHANDARI T, PAUDEL B. Soil erosion

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

vulnerability and adaptation strategies in maize field of
Sindhukhola sub-watershed region, Nepal[ J]. SN Ap-
plied Sciences,2020,2:e1940.

KRR A 7 R I b R e D 5 S 0] S 773 —
2018[ STt A K AK H Hh AL, 2018112,
Ministry of Water Resources. Soil loss measurement
guidelines for production and construction projects: SL
773—2018[ S]. Beijing: China Water Conservancy and
Hydropower Press,2018:12.

25 AR B R, % BT CSLE Ryide 4 1 = ik
i 28 AR AR AR [T ] K R PR 427 40, 2022, 36 (4) :43-52,62.
LIJ L, CHEN J H, HUA L, et al. Spatio-temporal
variation characteristics of soil in Hubei
Province based on CSLE []J].Journal of Soil and Water
Conservation,2022,36(4) :43-52,62.

WILLIAMS | R, JONES C A, KINIRY J R, et al
The EPIC crop growth model[ J]. Transactions of the
ASAE,1989,32(2):497-511.

MC COOL D K, BROWN L C, FOSTER G R, et al.

erosion

Revised slope steepness factor for the universal soil
loss equation[ J . Transactions of the ASAE, 1987, 30
(5):1387-1396.

LIU B Y, NEARING M A, RISSE 1. M. Slope gradient
effects on soil loss for steep slopes[ ] ]. Transactions of the
ASAE, 1994,37(6) :1835-1840.

XV TT, SRR, A8 48 0% 1 1 aT ol M e R A 4R ok A
ity LY. A AR BE IR 42,1999, 14 (4) :345-350.
LIUB Y, ZHANG L K, JIAO J Y.Soil erodibility and
its application in erosion prediction[ J].Journal of Natu-
ral Resources,1999,14(4) :345-350.

QIU H, CUI P, REGMI A D, et al. The effects of
slope length and slope gradient on the size distributions
of loess slides: Field observations and simulations[ ]].
Geomorphology,2018,300:69-76.

BREEVL, TR, sk e, 45 0 ] USLE BB 55 i 39 15
SR GE IDRIST 500 /) it 5 4 938 4= ok 3 A9 F 52 (7. 7K
T AR ,2000,14(2) ;19-24.

CAI C F, DING S W, SHI Z H, et al. Application of
USLE model and geographic information system IDRISI
to predict soil erosion in small watershed[]]. Journal of
Soil and Water Conservation,2000,14(2) :19-24.

B ElE Kok, 22 55 41, 45 = 0 IX 4 3 A= ol A ke B
A2 A 23 B [T Jb 5000 JE K 4% 22 4, 2021, 57 (5)
631-638.

YANG K X, LIU Q, LI X H, et al. Analysis of soil
erosion and vegetation cover change in the Three
Gorges Reservoir areal ] ].Journal of Beijing Normal U-
niversity,2021,57(5) :631-638.

15 HE T 5 4% 210 UL AL 3 WA R A8 Ak X 1 AR ik i
e [J]. A5 2 4) ,2021,41(6) : 2248-2260.

http: // stbexb.alljournal.com.cn



#
&

=48 45 BT RUSLE A5 51 b 232 00 2% 119 50 PG R - 06 22 o Jia 59 2 9

103

[39]

[40]

[41]

[42]

[43]

GAO Y L, LI H B. Impact of landscape pattern change on
soil erosion in Hanjiang River Basin[ J]. Acta Ecologic Sini-
ca,2021,41(6) :2248-2260.

IR BT RS, 55 4 Vb VTR U8 A 1 2 A TR A
WSER BEIA [)]. 55 + 1% ,2011,32(3) : 831-836.
ZHANG C, WANG Q, CHEN ] P, et al. Risk assessment
of debris flow in Jinsha River Basin by combination
weighting method [ J]. Rock and Soil Mechanics, 2011, 32
(3):831-836.

KRR, A 4% 1l 2 26 2 Gk i - SL190-2007[ ST,k
a0 o E KRR H Y R . 2008,

Ministry of Water Resources. Soil erosion classification
standard: SL.190-2007 [ S] Beijing: China Water Re-
sources and Hydropower Press,2008.

JEUtE A S5 B R FTR N KRR R B N K R R
120182030 [ Z]. HIdL Bt .2018.

Enshi Tujia and Miao autonomous prefecture water con-
servancy and lakes bureau. Enshi water and soil planning
(2018—2030) [Z].Enshi Prefecture, Hubei,2018.

BE KR AW R, BB K £ LRI (2016—2030
(7] e A L2016,

Yichang water and lakes bureau. Yichang water and soil
planning (2016-2030)[ Z]. Yichang, Hubei,2016.

AR B AR T AR R 1 s ST A A XA AR FR
B e 55 PRI 25 4 St o L) J R TRk 2% B B 4k - 2018, 35
(4):48-53.

(E3#% 90 70

[25]

[26]

[27]

(28]

HA G R gAMb st E S R
#t,2022.

Qinghai Provincial Bureau of Statistics. Qinghai Statistical
Yearbook-2022 [ M . Beijing: China Statistical Publishing
House, 2023.

HE L, GUO J B, YANG W B, et al. Multifaceted re-
sponses of vegetation to average and extreme climate
change over global drylands[]J]. The Science of the
Total Environment, 2023,858(2) :e159942.

ZUO Y F., L1Y H, HE K N, et al. Temporal and spa-
tial variation characteristics of vegetation coverage and
quantitative analysis of its potential driving forces in the
Qilian Mountains, China, 2000—2020 [ ] ]. Ecological
Indicators, 2022,143:e109429.

VENKATESH K, JOHN R, CHEN J Q, et al. Optimal

ranges of social-environmental drivers and their impacts on

[44]

[45]

[46]

(29]

[30]

XIE R D, ZHAO C W. Spatio-temporal differentiation
of ecological environment vulnerability in karst trough
valley area based on grid scale[ ]J].Journal of Yangtze
River Academy of Sciences,2018.35(4):48-53.
e i s X, SR K R R E X AR S e
50 I s A8 [ )W AR 25 2 iz, 2016 27 (3
735-745.

YAO X, YUK Y, LIU J, et al. Spatio-temporal evo-
lution of ecological vulnerability in severe soil erosion
areas in southern Chinal[ J]. Chinese Journal Applied
Ecology.2016.27(3) : 735-745,

TR e, B A T, B R K K D Ml DX AR S N S T S H
R[] AR B IRA 4, 2020.35(6) : 1288-1300.
XU C X, LU C X, HUANG S L. Ecological vulnera-
bility and its influencing factors in Zhangjiakou area
[J]. Journal of Natural Resources, 2020, 35 (6):
1288-1300.

WU BE AR A5 TR AU 8 Ik 1 FE AT

L XA A I 5 e o s AT W A T AR T A I [ ]k &
TRFFE . 2019,39(3) :191-199.

GUO J, WEI Z, REN ], et al. Analysis of ecological
vulnerability in alpine poverty-stricken mountainous
entropy weight correlation

areas based on

grey
method: Taking Haidong City, Qinghai Province as an
example [ J . Bulletin Soil and Water Conservation.,

2019, 39(3):191-199.

vegetation dynamics in Kazakhstan[ J]. The Science of the
Total Environment, 2022,847:e157562.

Wik, Gy AL, S A, 55 7 B A A 4R K 2R NDVI
fif 25 A5 Al 5 5 i PR 3R D)0 AR A5 2 4. 2021, 82 (4)
1361-1372.

YANG D, YI G H, ZHANG T B, et al. Spatiotemporal
variation and driving factors of growing season NDVI in
the Tibetan Plateau, Chinal[ ]J].Chinese Journal of Ap-
plied Ecology,2021,32(4):1361-1372.

VLA 0 002 0 80 5 B AR B AT DG BN 1) T T
P B A B XA W AR AL R AR [T ] A A 24 4, 2022, 42
(10) :3974-3988.

JIANG Y, HAO Y Y, HUANG Y C. Characteristics
of urban expansion and vegetation change in built-up ar-
eas of Gan-Qing-Ning based on nighttime light data[ J].
Acta Ecologica Sinica, 2022,42(10) :3974-3988.

http: // stbexb.alljournal.com.cn





