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Spatiotemporal changes and driving factors of soil erosion in

southwest alpine-canyon region

Sun Wenyang', Luo Jing"?, Pei Xiangjun"*, Yan Rui', Li Zhoujun', Li Guobing'
(1.State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University
of Technology, Chengdu 610059, China; 2.Tianfu Yongxing Laboratory, Chengdu 610213, China)

Abstract: [Objective] This study aims to reveal the spatiotemporal differentiation patterns and driving factors of
soil erosion in the alpine-canyon region of Kangding, Sichuan Province, from 2000 to 2020, thereby providing a
scientific basis for soil and water conservation strategies in alpine-canyon regions. [ Methods ] The study integrated
the InVEST model and geodetector to construct an analysis framework of “process simulation-spatial
representation-driving factor analysis”. Based on the sediment delivery ratio (SDR) module of the InVEST model
and the spatial analysis function of ArcGIS 10.7 software, the spatiotemporal evolution characteristics of regional

soil erosion were simulated and its spatial patterns were visualized. Geodetector was applied to quantitatively
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analyze the independent influence and synergistic effects of natural factors and human activities on soil erosion.
[Results] (1) The soil erosion intensity in the study area showed significant spatial differentiation. The eastern
forested areas were dominated by very slight erosion, the central and western grassland areas were mainly
subjected to slight to moderate erosion, and the high-elevation and steep-slope areas with less vegetation cover
were dominated by strong, very strong, and severe erosion. (2) The results of the IN'VEST model showed that
the average soil erosion modulus from 2000 to 2020 exhibited a trend of first decreasing and then increasing. It
decreased from 3 966.1 t/(km? + a) in 2000 to 3 404.7 t/(km* - a) in 2015, and increased to 4 299.6 t/(km? + a)
in 2020. (3) In the study area, the soil erosion area was the largest in the slope range of 15°~30°, accounting for
42.29% , and within the elevation range of 4 000~5 000 m, accounting for 50.94% . Overall, with the increase of
slope and elevation, the proportion of strong, very strong, and severe erosion increased. (4) Rainfall erosivity and
soil texture type had a certain impact on the erosion pattern, mainly affecting the distribution of strong and very
strong erosion, but they were not the dominant factors. (5) The results of geodetector showed that land use type
played a leading role in the erosion pattern (explanatory power 64% ), among which the land use type with the
highest erosion intensity was bare land, dominated by strong, very strong, and severe erosion. When land use type
interacted with other factors, the explanatory power for soil erosion in the study area increased, and the interaction
effects between land use type and slope were the most significant (explanatory power 78%) , indicating that the
coupling of human activities and natural factors would exacerbate the erosion process. [ Conelusion ] From 2000 to
2020, the annual average soil erosion modulus in the study area showed a trend of first decreasing and then
increasing. High elevation and steep slopes are the main natural driving factors of soil erosion in the alpine-canyon
region, while land use type plays a leading role in the erosion pattern. The interaction between steep slopes and
land use exhibits the strongest explanatory power, reaching 78%. The findings can provide a reference for soil
erosion control in the study area and similar regions.

Keywords: INnVEST model; geodetector; soil erosion; driving factors; southwest alpine-canyon region

SRR AR Dy A B AR S BRI ), SR AR MR
TR B AR T3 KTy V) R R AR 2 8 T
YRR % Az 00 B4y ot 1 BE a7 L A0 3% 3R
B BRSBTS AL TUR A B B RIER IR A2
P& FRON RN R S B A B A2 B
IR S BT B2 A AR I R B9 R if 3 3
N Bl R0 e A6 iy & A9 3 AR AT e 2 = 20
452, Fp [ DY R M DA D RV BRI AR 3 B R A
A B B X e T E KU IR M, AR S T U R
U SRR IR TR 3 AR R R K S S M
DA R - EHT i 155 45 2 7 R R B s 1% X ok
bR R B A )T R MR A G R
PESFRAAES o BEAE i — B A K A B S0, 7Y
T Ml XA R 0 A1 e SR R e 5 R T A I SR AL A
T BF A 5 DX N ) S 4R o SR BB X 7 11
T PRAPHE B , 75 [ B3 il o R A B 350 4 TR + JE A
PO Y S P R R OGRS

FUR, 3 4R b A S B 5T 3 B2 7 - MR ik 4K 2
Iy L HEAR ek 25 AR A | b AR ki A R B A A0 A
JEIT, R SR M 5T b ) B T R E A
g SR LTINS SN SIY & X v LRI )

BB i I I W Y R S S P R P
RUSLE/USLE #& # A 5 [X 3k i) - 38 42 1 &, USLE
e Wischmeier 55 F 1965 4R 48 1, B 5 98 B Al
PR 1997 4R 82 148 1E 3E FH 42 38 3 2k U7 #2E (Revised
Universal Soil Loss Equation, RUSLEYY, EWN¥#
7E RUSLE f92al &, 4@ T Bt Ja i v e ] 4 3
it 2% J7 #2 (Chinese Soil Loss Equation, CSLE) ",
B PR BRI e 2 e R I R 2% i R R il
YR B s ), e RS AR T T B AR Y
+ R PR AL 5] in EUROSEM™™ . Fifi %5 + 142 h
FH M FE B HEAT | A2 25 R GE IR 55 5 AUA 255 VT Al A A
(Integrated Valuation of Ecosystem Services and
Tradeoffs, InVEST )% #f 76 3 , 7£ 1% 46 B4 b 42 1 1 ¢
YR LB B (Sediment Delivery Ratio, SDR) , %%
F USLE/RUSLE ## , InVEST £ 4 75 H 3L b I 3k
A7 7 B, AT DL AR g R = il ) B AR
PE A5 25 R S A, 38 AT AT S H Al AH OC AR
HEAT 43 A7 55 45 B ik, 0 O M 45 SR W
InVEST # 8 P H A 3578 3 4F R 2 i 2 % T L
HEAZ P 5T, 7 [ PN 9 a4 K S5 TR I
YT R T R A DX Y A AR Y, T D



50 P/ S VI S

33 %

InVEST 5% 8 38 FH F X 3 4 88 4= ol F 9 . i 24 300
A — P BE A% 48 7 b B 2 [R) 2R 5 LR Bl P 7 =2 1]
KRR T H Z I AR TRt ik
A7 3 PR3 AN BB % 58 Ml A% 2 A 3 1 R BR A
RT3 S A8 EAE A DN AT 22 A 5 e BRL O R
B AR AL R okh T A% Ge k58 5 ik oA A2, il
HCAE A 34 b 5K Sl AL A 5 b R

TF 551X i ALk A AT 10 JkAZz 0 DX, 2 75 98 e D 1) 1Y
DV 2 M ) 3k VS, bt BN A RRAE DA SR 2% 22 R 2
Iy SRR . WFEIX MBI AR K, JE T Hh e v R
K OREMRE, XNAEFENARESRSE R
FUUT R I AT I R KV B Y S, BRIk
TR 100 7 VA W) 22 REVE LR 10 DGR X T A 19842 ol S XoF
A ZS W AR, FERE i BLAT i U A% S Y. H
I, 78 AL X 3 A 4 398 4= Tl A 9 300 2 g B — M DAy
MEB RGN R MR, B R PP 2
UF A (8 AL Al ) RE Y AR R DTS DX AR Tl
B BT Y X R g T 2 R AR A L
PRI S G, A R G E M InVEST #EA TR
W % b B He (SDRY 5 i # # ) £8 (Geodetector,
GD) , B [8] #1155 8] 43 87 BF 5 X 4= 847 4okt 9 B 25 7%
b, R ASTR] R FH 2R R R R R D | R
b AR R Y A R, O 45 G BRI 25 A5 R X6
T 1R ik 9K 3h R R AT

1 W58 XL 55 Bl e i

1.1 HREHER

T 5% DX AN T 0 )1 48 H O B 36 N 4R 50 R 1T
J2 4 P e Ly 2 DX B TR DX, A 37 FE O 29751 —
30°1'N,101°30'—102°10"E, B A~ 1 914 km?, #f
5 DX i A 0 1] 235 5 G g A Ao Y b A A T
W TH R, Jm TR 45 ok L X, b AR 43 SR AR 1 v
R R e Lyt 50 R 00 /N R R b AF 9 X P A
SRR 5 994 m, B AR SR 1382 m, i 22 EBOR (J&]
Do ST X i D iy 2 W i — v A, TR 2 o
BH B 25 A il M M T N R AR AR, AR
AOHERLTT B PG ) 2R R g A B VDA T
1.2 E#EFRiE

AR 5 ol FH A0 000 S TR A 4 < - R BN AT R
B | AR A | R AR ND VISR S, +
Hb ) B0 SR Y ang %5 20 JF % 2 14 o 4 A 5 AR
P 47" (https: // zenodo.org) , 34 M Bk Hb ARAR EA
B KA DK R A B M 8 A — G AR PR
B A T R BRI 2 IR S5 T B — E KR R
Ge Bl B vhocs Chttp : / www.geodata.cn) s DEM (45

VR T Hhy PR 2 8] B4 5 (www . gscloud.en) 5 1 358 B0 ¥
e P T Bt - B R 2 (https: //gaez.fao.org) ;NDVI
B ok B E R A S EEBE H 0 (hitp: / www.nesde.
org.cn) o AMFFE U8 A 9 K s 24 AreGIS 10.7 3k
R4 B BT AT BIAR 24 H R AE 22 30 m X 30 m AR AR R 1Y
%i—JWGS 1984 UTM _Zone 47N,

B1 SHRE#HR

Fig.1 Overview of study area
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5 ZUAR 396.9 21.7 377.9 20.6 368.6 20.1 360.8 19.7 369.7 20.4
i 5 FA ik 242.6 13.2 220.2 12 199.2 10.9 159.4 8.7 299.3 16.5
J B4 26.4 1.4 27.2 1.5 23.2 1.3 16.3 0.9 38.9 2.1
iﬁ;imi%)/ 3966.1 3802.5 3651.4 3404.7 4299.6
1R/ U7t 8082 7748 7714 6938 8681
R4 2000—2020 EFAE T IFEEMBEETREBER
Table 4 Area transfer matrix of different soil erosion intensities (2000—2020) km?
2020 4
2000 4F
R A=k BRI op g {2k SREUR e 5 Z A=k R B A2 Akt
U = 1k 546.76 9.50 8.89 14.31 12.97 5.08
BRI 16.84 168.42 6.33 1.32 0.22 0.09
R AR 5.35 28.71 272.92 8.09 0.66 0.00
R ZAZ 5.22 6.65 61.18 290.21 5.77 0.12
R it Z1 47 1k 7.41 0.61 4.72 78.83 204.26 3.06
Ji B ik 5.47 0.02 0.01 0.34 15.59 17.34

A 20004 B 20054 C 20104 D 20154 N

TR R [ T [ & [+ . = O wmEz [ W
B2 ®HRIEX2000—2020 F A FLEEMBEMNZESH
Fig.2 Spatiotemporal distribution of different soil erosion intensities in study area (2000—2020)
RS 2000—2020 EHR X LA A EREBEMRE
Table 5 Land use area transfer matrix in study area (2000—2020) km?
2000 4 20207 - -
A< H AR AR i) KK K R A B

et 2.62 1.03 0.01 4.14 0.02 0.00 0.00 0.94
PN 0.52 520.38 6.91 13.82 0.20 0.00 0.03 1.97
tHN 0.03 10.02 9.93 13.64 0.00 0.01 0.00 0.02
b 0.49 35.66 4.27 1135.00 3.64 0.98 32.19 7.00
7K E8 0.00 0.18 0.01 2.34 10.92 0.63 4.20 0.00
g 0.01 0.00 0.02 0.66 2.82 16.25 6.27 0.00
R Hb 0.00 0.02 0.00 10.70 2.67 6.47 46.46 0.00
5 b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

K78 X+ ORI 5 R ARl R A B0, 3045 52 8 5 IR O B 6. 2 6 Al
W58 XA [a] 42 ol i B8 1 AR5 R [ L AR 26 8 BF st BRAR R B KUK K R R B
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KA AR o AR H R 0.19%,29.39%, 1.66 %,
62.26%,1.38%,1.40% ,3.71% F10% , % A= 4= it 1 FX
Toe R B 2 AR AR B M Bk M LBl AR ol R A B AR oy
3 5 2 A R 2SR 4 AR B AR Y 6196 A
3190 s ARAR LG AR Bl o 3, o 32 - Wl R R 2 Y+ 4
13y 5 T ALY 9596 5 HE R LAV A3 ol R o B AR ol Ry
F, 5 9% b R R 28 R A AR bl B 6100
1850 5 B b DA% B 42 b | v B2 42 ik (5 422 ol R i B
(E 1y I SRR e o | B i e o X S WS N T2 i
17%,31% ,31 % F116 Y 5 K AR TPk 25 1 LGRS 42l oy
F, 54 A A HR 28 A 4 1842 ph R TR ALY 90 %6 AN
93 %6 5 #RHh LA b AR ok i B AR ok A R B4 ol iR 2
b Sy 3 43 50 o 2 R 28 A A AR ol S T AR 1
8% ,14 % ,43% Fl1 26 %6 ; dE 5 T LAGKOEE (= h 4% B 42
A R R AR ko T i R R 2 R A AR A TG
U 11%,59% F129% o R I R ok 2 2243 AR
TR AR KRR UK 53X 4 28 - i R A e
Rk AT TR EOR R R b R
Tl 32 L A T M R R R A R M5 SR A R
568 S0 A ) 2042 okt 32 B A T L A AR M
6 RETHFARBLESMHTH

Table 6 Distribution of soil erosion in different

land use types %
K PN i e HF
el Brib Ak JEAR B Kk WKE #i il

MERM 012 28.04 021 268 1.25 1.30 0.16 0.00
BERM 006 053 1.01 10.62 0.01 0.00 0.15 0.00
IR 001 026 030 19.22 0.01 0.01 0.29 0.00
SEFRM 0.0 0.34 0.0 19.50 0.03 0.02 0.54 0.00
BORZUR 0.00 022 0.03 10.06 0.06 0.04 1.61 0.00
BZURM 0.00  0.01 000 0.8 0.03 0.03 0.96 0.00
it 0.19 29.39 1.66 62.26 1.38 140 3.71 0.00
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Fig.3 Proportion of soil erosion intensity at different
rainfall erosivity grades
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Fig. 4 Distribution of soil erosion at different elevation

levels in study area
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Table 7 Single factor detection results
g LW MRS ER 33 ER
Wy RE(X) (X) DHR(X) AR(X) F(X)

2000 4F 0.63 0.22 0.34 0.17 0.24
2005 4F- 0.64 0.24 0.33 0.16 0.24
20104F 0.64 0.21 0.36 0.16 0.25
20154F 0.63 0.22 0.33 0.17 0.24
20204 0.64 0.24 0.36 0.18 0.26
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Fig.7 Interaction results between factors
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