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PE T TR AR S RGN A RIS AT LA . FEmg Ry B R e BN SOk L, Bai 5FY
R HTTCs L2 2P 7 I FENE Hr R 8 AR b %) A AR A R, 2 B 1979 4F R
MRS, IR AR R U RGN ;- Feng S5 PUC I RF it sk f F RUSLE #5
B ] W Cs i BRTE AT T IRAR IR, 235 25 I8 M TR R AR A, AP T IA A5 2
AIAE R — B AL, (H T SR X SR AR TR A AN 2P, RUSLE AR A 1
X DEM A BEA B 2K ;- Peng S5 RE T AR/ NX SEB 7 1S [ AR FRTBIL A B -l
HIITT 2R IK itk S FRAR TR BRI A % 2257

S LR TARS R A T RGN 7 . A shxt BRI A, (HX T ERZ
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SO S A AR I A . 0 b, ARG Gt o A sz [ i R Bot A
REAE HEAL 2 HH 20 PR %o SRR b A A PR E , T b RN g D3k DU i o 000 oty 2
BRIz (8]0 J2 S B AR AR FAT SR AR Eh 1, 0T AR R A
SFOTMB T, e A AR EERE A R T g S, KA OB
RIS [ AR R FA P B E N, R4 1 72 A PR A Y 2 [ 0 A B B Y —
HE o N A SCRAUE A5 IR 23 [R) A A5 500 5, A Byt LR 407 50T Je g
R s e AR i ) 22 I8 e B VAT, USSR AN [ i SR S 2 R IX B 32 i D] 1 B
SEHAEH, v ks X AR 2S00 B AR R P BOR TR BERL AR I
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2.1 AR

ASCLL BN A8 PE LR A BB iR i A bl (=20 l) AR B, XA
T HMAE SV TR (B 1), Bk 4860 km’s =700 A S{TA)— S0,
WA 325.6 km, RIS DIKIRER Ao &, Jedv/bmaEnlia s, A EHIE iy
MR B e AR (AT 22 T S T X RGBT Ak TR 22 A )
KRE, FERERBESR", 2 kA EEEM, TR0, S H S RS
R2E, BEXACEERZ, A ZEEE SRR, AAE AR, B A K i
e e RSN =2 R R AR X, AR K TR 1100 mm 24y, FifE
il HZ 2, FEEZETAES H-10 Hn . MYWHIERIE, FARESDReKET. %0
RS0 0E, By, HADARZ, AMOPERL, GRG0 &
FEE K R
2.2 HiERIRK A2

£T RUSLE BT MR I R B 4% . 8 T ey IR o8
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FET 201042 5030 mar R TM AR (36 [E M ST 45 J5) ) hitps:/glovis.usgs.gov/) S #f
SR R R ENVIE B 428 0 Wil A T AR A DA 3] L b R B A
LA GPS AL s A GRS T 30E (81 2¢), Kappa REUE M 0.81, Hdiaise hnT
HE; 1 km A3 HER RN B (GG B E Sk 4H 2L (FAO) FHEIFR R G840 it
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Fig. 1 Location of the study area
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2.3 HRAE
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INIXE L BRI IR AN B S B R4S DXk IR i B, AR R Y T A AR
RS FEOK A RHE B R E R, PRI 2z 2 ik, Hid RUSLEP Y
S EBR LR RAT R R AR AR TR AN AE KRB B R R, 1 HLiE
G2 REEMBAURES Y, FEASR RO B iR R AR . Hgk ek U
A=R*xKXLSxCxP (1)

A AFOREY R, AN (tha' a'); RFERKENRMS, M4 (MJ mm ha'
h'a™); K HEER P+, 57 (tha h MJ" mm™ ha'); LS AHUIE T, AR
LY EHNF; CRAAMEGE SEHNT; PREKERIHEERNT; LS. C. PREILERN.
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NERAR L . R R m AE A SREAER AnERE -
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Fig. 2 Morphological types of geomorphology in the Sancha River Basin (a) and influencing factors of soil erosion
(b. lithology; c. land use type; d. slope; e. rainfall; f. vegetation cover)
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".=1-100 (4)
b WARIPRIE R (%) WiEbhia i (%) WERRSE (%); WERANREE
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sin ¢
= 7
p 3 x(sin 0)"* +0.56 )
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*1 CEMPENEERE

Tab.1 C value and P value
A 2R KIS R MM mibkd FEAMR R k0 UM #in
CfH 0.1 0.22 0.006 0.01 0.01 0.04 0 0 0
PlE 0.15 0.4 1 1 1 1 0 0 0

RUSLE #E R i £ PR PRk IR . - BRR A i 22 55, Tt Bl b T4 — b b3, 7

ArcGIS 10.2 H% RUSLE #5281 i £ [ 7~ 19 25 0] 73 B R 58— hy 30 m, RS — N
Albers_Conic_Equal Area, 7% 3CHVHFH B A MR B BCHE 25 (8] 43 982200 30 m, DA Ry &0
SRR K9 marHERR LS R REE BN 30 my fF 1 km 25 8] 95 Bl P %) [ 6 22 57
BN, JoHGRAEM A R, FUHCEHEES 1 km 4053800 0 R B0 1 R R 30 mJ& Al 17
s HHESSANYE | km Yo BBl 25 0] S e Ak, B K BFEUE RN, BRI R T HE R
30 m, ANFZMHAEE .
2.3.2 MIBIRMSEMNFEIESKA RGNS — R BRI B 1 A W] 4 2 S Tk
TR B EIRS Rk, WS RS RYEREE N T 222 MUN T2 BE T 24,
A3 SRR RN MO BRI R 1) g (R 07 107k R 25 (R4 S PR s m PR 2R
SIS AR FHBLEIARIFZE", 5 PR 20 5 R 2 AR i, X —F e X R I -
I MhFRERM ARG 4 TR . KU HRIIRS . s EAEHREIIAS . A8
M2
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TR g (B 25 A A 3R

A SRR AT Hedse 5 e PR - X #2 BEZEXETENZEERAAR
i%{%’fﬂsz [i1] éj\%ﬁ 52 ﬂ[ﬁl% Fo¥ el ﬁ% *= Tab. 2 Types of interaction between two covariates
S, PR R s S HAE R I LA
D22 M BRI SR AT T HANGE T )T a(X1NX2) < Min(g(X1), ¢(X2) AL
VIR, AT FRIRIAUE ] Min(a(x1), g(2)< grini) < AT AR
N v Max(q(X1), ¢(X2))
A AL X K
HSC IR, ﬁﬁ‘ Hﬁ% KT q {‘E Bj g(X1NX2) > Max(g(X1), ¢(X2)) XL 15
WUR T g B RN R e O B .

HAEFRM RS AR FE5 52407
U Logistic 7] 5 4 5% A4 41 3f ¢
F, M2 REA L EAE R R I k", 52 B AE 7 SR R 2 o s KU
PRI 25 AT T i R (14 2 (0] 4R b 2 A W 22 1), ) A M o v XU X 4

Hi BRI 2% 11 iy A B R OM SN , X SR A R AR B, A
B AN MBS, A5G E SRR B B EUE R SRR A,
MY 5 B < 03, 0.3~0.4. 0.4~0.5. 0.5~0.6. 0.6~0.7. 0.7~0.8. 0.8~0.9. 0.9~1 4}
82, FER . MEHRERIEH MRS M PR Ik i 9 28, B R < 50, 5°~10°, 10°~15°,
15°~20°, 20°~25°, 25°~30°, 30°~35°, > 354540 41h 825, i FH ArcGIS 10.2 HF A4 3 ) 45
e S SRR IR, SREENIEE 7 500 m, FEHEH 19686 4N, 1E M FRIIM #8415
T8 . EEXIARIMSUE SAX, TR R — 30 4 27, B IRTER]
FEZS (8]0 )2 20 TR A3 TSR I, (RAE T AR R MBS E 2538 X 2 [ 25 R Y
CINE® 6

TE: XA AR IR B 4 1~

3

3.1 AEMIRFALE X iE 1S 0N IR IRE EH T4t

2010 4F = 25 i bk i - (Rl B B R 0~124.44 t ha' a™', {E R 1137 tha' a”',
ZEUES Feng S50 W'Cs Ik A3 B0 PU g R Ride A E b 1+ SRR Il 2 SR o — 20, it
Hh, Zeng FFN H RUSLE BRI 53 40 45 EDVLE R 3R il 1522013 4F LR i
18.84 t ha' a™', Febles-Gonzalez 557 iy B M FLAR WS W e b X 64T + R D0 AR, 45 2R
F12.3~13.7 tha a”', SRR MBI RE ML, =ik I RmEa 7
S EPE (B3), sk i TR ehie Rl ™E . MR 3 nI A, AFEHSEZA
O3 A X B s B RS R Tt B 2 [Rl SR R, L B XSRS R, SRR A X
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BRIy FPEAR FP L DA P E i g R
BT HAM, R #f
FARPT/NER P AR R I iR
Frbe 55, BBk 32004 T/ NVEAR il K
R IR, AN FRIMSOE SR R
MIE2ER W, ZWE . WL, AN
T IR R R AR B DS P24 ey ()
TR, ANVEIRATIIRZ , iR o 10im W
B M X IR i R/ o . ‘
32 EFHMERENEGARMERAXE T FE3 20104 =2l AR ik s 6] oy A

+ :t% {% 'fE /':E % Uﬂ Fig. 3 The spatial dfi{sit\r]ieliu];i:;nof nsczxi;le(;osion in the Sancha
32, TEEMEMEFHEEMHAR
THRMAS BT REY], AFHPOE LR SR 0 N 1 LIE R
REZR (GR4). 0T B RS2 0T AR XA SRR R, AR T
HRIRE S £ M DX B AR R R R B, EAE R I XA 1K 19.3%; it
HIHIZE B X e f b 23 W) A1 B R ) 35 v T e [N -, A5 3 B0 A2k B vh 2y ik
FN51%Lh I, AR £ b DX B 28 0 K 68.5% 5 3 X - B4R okt A ik AR O S AN R
e el B X, B R RIR R L THR R TR, fERI-FHA X, BB
s, BRI ¢ (e B XA . PR b >/ R AR > R bl
e S AEAIR IR, iR 6 HRY ¢ (R T ek oF It RS s d= i
AR I AEA IR B A2 B R 22 Bk . ARSI R i T I iR S
0 7 DS D0 B ! 1 e 118 I BP=AL TRT  w = A PS  E 157  ol -3 Y 2 NG T
M IX. ) P % 38 P8 ) AR ok ) 2 i 82 DX T A DR 15 PR A g X A
F RO R AR A LT HAR D 74T B E 2R

R3 AEBMMESEE T IRSHER MIBMERE F4iT

Tab. 3 Soil erosion and geographic environmental factors in different morphological types of geomorphology

TaEEME R [{E21 B BESOBRhA XA E R

R

(tha'a") ©) (mm) (m) (km?) (km?) (km?)
SRGEI S 8.32 480 123382 1256.51 17.54 0.06 98.30
HER & 6.49 397 117298  1445.74 19.92 0.02 99.64
HORFR el 12.62 11.00 119928  1383.46 159.60 3.41 717.72
AN 11.87 1491 1136.88  1482.15 656.15 51.67 3016.14
SR L PNG I 10.22 1634 1096.33  1775.38 189.62 23.70 928.89

R4 FEMBESEBEIWET ¢ BT

Tab. 4 The g values of influencing factors in different morphological types of geomorphology

R T £53)3 [E5] ik TR S (3323
HEEROT 0.622 0.082 0.091 - - 0.028
TR G 0.685 0.086 0.037 - - -
R 0.513 0.126 0.010 0.031 0.059 0.010
/NER L 0.567 0.071 0.051 0.01 0.005 0.013
R 0.620 0.062 0.089 0.037 0.005 0.193

T =7 FOR g (EARME I R E R
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322 TESHEMEFLZEMEBRMAR K HAEHEN L SHHIESRMIX, &
M) PR = R A A8 B A FH %) 30t - SR i i e 0 o ASRIHb S S8 = S22 BAE
RRIE 25, KR I HEE R =0 s EAE T it s 5geit, St Rk s im. b
FRE SRR AN, S BAE iR HEE S — L A 4 8 R SR S 8 R i RIVE R,
TR B R T, R T 70%, R Y R [R] A b R S ml b
AH R AN ) = R P 2 0 ] {2 ik 22 5, Gn 25 B3 kb R Se it B ik, Bl 25010
HEHL AN 25° (Y McHb ] - S Dl B A 22 808K . HIB IR T IR LI, BEEIT R (£3), +
B2V R = W D0 e O s e w7 31 ) i =9 50 e w0 2 A R 2 R (A [E RV
IKEN 67.1%, 1 It Hb SR A5 2 N = R 1] FH 2S5 5 68 TR 118 22 o ] A e 71 % 11%) - 984 ol 25
o370 o ANFEMBHIEASIER, 55— 9 = S HAERY O A FH2E A& 5 —
BT, AR (8S5). BbAh, YR SRE A S nT F R i s R 7% 342 i) i
BJ1, RIUCNAEL MR, S AL SRR PR Bom T8 21.3%, 5K 13.8%.

RS AREBMGFESEBRX TESMPMEFZEERRN

Tab.5 The dominant interactions between two covariates in different morphological types of geomorphology

HFE AR AT A £ 1 gk e /NEIRTIL TRl
ERCEEA LTI A LM RIBAMAZE RHRIHZE
TR TN TINSE I RN
q 0.710 0.764 0.726 0.707 0.742
ERECEAEH2 AR e L IVES THORIASE RHAESE RHOAENRER
TV 26 TICMEBCR R TINIR TR
q 0.695 0.720 0.567 0.648 0.679
EFAHAEH3 RSURIIEES A SRS RHURIEE MR N
BINEH M TINRET BT TINEE
q 0.682 0.708 0.566 0.586 0.665

323 TEEMSNEXEBIRAN R ZMEFRETREMEBES MR TR E L&
SEH A PRI AR FT R, S0 PR 5 S L2 5 ) 38 AR RS SR o 22 ) o A1 i e ) AT
1B AT KBS R AL B T RN SR s AL AL, R HE SR ok g XU X (AR K
F95%) (F26), FHFHIWHEMN T 1 E M IR MR 22T RR B E, Sl Sif % 2%
S ZHASER A (RT) o ARMSIEEIA T MmE KR X 2272 (R6),
FE/NERFINMBIX, BEFEYE R LT R BT, fEHAR 4R SOE I, I
JE5 AR M S R AFAE BN, R ER 6 R I B Ay i AU XI5 5 M ) AR el D 7™
H, EARMSIEEI TR MR 225 =2tk 8= ih bR B A 2 1Y
ARAAFAEA R T AR AR SR DX, R — DR SAE, AR TR, SRR
BEM R S A BT IR I, kIR AYE, LR BE R 2 00 LT
JRR AR LR R AR B SR, AN RLA R 0 R b B S T A B S DA U P
LNRAHNFA K, TEARMBIEERBXN, LERR SRR M A A ; R
5 AR i 25 18] A AN A 3 R IE [ B A ASE G R, IR F R R KB AR IR
DXTEVINANAH ) o AN [l A A5 26 R rh 255 i [R5 A J= ] L 3R ik B A (25 25 S 21 5 4
B AZERIR (GR7), LA TEARHSOE SRR R W 22 5 ok, BAT B2
FITA IR E90% LA L5 SRR 22 S A/ VAR L AR ik e S
PR R B DI R T IR IR IR G s A SRR NI s [T A TR Y
J2 0] 22 S A PR J U DR 1 100%, A /INEAR P B s AR v L DX s 1 g4k
B2 IR G MBI A S AR IR T R B0 R W] 22 S A AR



1682 i B 2E 734

F6 ARBMMASEBTIREMS NGRS REFHE® ha” a™)

Tab. 6 High risk areas of soil erosion and its mean value (t ha™ a™) in different morphological types of geomorphology

ERGE ST PRI 15 1l ERNGEIE S AN H ik
eI ©) 20~25 15-20 30~35 >35 25~30
FHIE 19.9 19.02 2438 22.28 14.41
T Hb AR S i i i i
FHIE 22.6 15.36 23.43 24.36 21.9
AL o 0.5~0.6 <03 0.8~0.9 0.9~1 0.5~0.6
FHME 9.35 10.02 14.5 14.17 10.7
o IS E A B KEIe)= R Floda )2 Hz%
FEE 13.93 9.49 19.52 15.59 20.07
TR (m) 1087~1235 1531~1679 1383~1531 1383~1531 1235~1383
F-EE 11.1 13.13 12.15 12.44 15.84

4 *7 ERMEFHEREZERNS EHEHNIES (%)

Tab.7 The percentage of stratification combinations with
significant difference in each influencing factor (%)

iR PR PR DER R

MBI AR 1 35 4

RIABRIIENI R, IR AN PE G R S ol
MRS PR —Fh, EARMBIESZE  fwmm 9091 10000 9286 10000  93.33
BN AR IR IE 22 55 . TAAH e 4000 1667 7857 9286  85.71
KRR BENETHT; WX mw 100.00 3333 3333 9167 7857
TR R IR IO R . B mak 10000 000 4286 6944  75.00
B, 6 HLAFHIEARX IR B X g 2 000 000 60.00 6444 5556

KFE/NEKPI, RIS R  mgess 3333 3571 7500 6071 60.71
AR BE AT AR B 1L b X, 53X r] RE
SERCAEAXTBEM ALK, MR 2% . A fe2E s . AAANESS, HEEM R E Ry
5%, DRI BT IR il i 2 [l R T AR s AR LTI At 4 FhHb BB 8268, B3R TE
PSR L DX - SRR A A ey e, DR ER R RS AR Ly DX N AR R R 2R R
FEBE o S, RS Z AR R IR . R I MIE LR A 255 ATk Rt
B AR RO R iR A RN B, RS IR AR AR T A A R
T RO AT 3R ok 2 O B s R T, (HAE SRR M A A 2 AR TR X - AR o 14 4 ol
VAN

PR R B 22 A R B M A AR RERER . R ILRVERR, AR
AR TR i A AR D O ME RS, A SO T 3th BRI 285 004 342 b 52 i IR - R
ZHAEHBRGE, DI & B3R b e R VR FH A A . 45 SRR A B 5 + bR
I B A2 AR I SR I AR I e 45 A M S S 2R b ) 3k 67% A L, FSeE0y
15 W SV R A = R 2R AT R R i g 22 5 3, FLREE B s, +
SRR B RN, X S ASCAY I R S A R AE A AT R R s X R ik At o
YERMITF Ao X — SIS UE TR FRAK K S 1 FBES HF b a2 e . BeAh, B SRR
BN SE T X R PR AR, R SRR R R R A (R B A B B A
R T 8 B BE AN ) i B TR ks 3% 5 A e B v s R b R, A
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P O R IERY, REA T e T A2 Mt 6 3 p b, e indsh X A
AR S )R H RS, R ARRUA A 2 A Y AR
T U, RIS v 1 M X A 3% B ) B A R R A AR

WA JE B A e 7 A X 3R I G A R b T A R SR 0 S s ) R
I AE R 15°~25°, ASCARBNZUEE 1S, 4R 5 DX G FUE R 200~25°, Hhifgdk bk
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Quantitative attribution analysis of soil erosion in different

morphological types of geomorphology in karst areas:
Based on the geographical detector method

WANG Huan"?, GAO Jiangbo', HOU Wenjuan'
(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The formation mechanism and influencing factors identification of soil erosion are
the core and frontier issues of current research. However, studies on the multifactor synthesis
are still insufficient. In this study, the simulation of soil erosion and its quantitative attribution
analysis have been conducted in different morphological types of geomorphology in a typical
karst basin based on the RUSLE model and the geographical detector method. The influencing
factors, such as land use type, slope, rainfall, elevation, lithology and vegetation cover, have
been taken into consideration. Results show that the strength of association between the six
influencing factors and soil erosion was notably different in various morphological types of
geomorphology. Land use type and slope were the dominant factors of soil erosion in the
Sancha River Basin, especially for land use type whose power of determinant (g value) for soil
erosion was much higher than that of other factors. The g value of slope declined with the
increase of relief in mountainous areas, namely it was ranked as follows: middle elevation
hill > small relief mountain > middle relief mountain. Multi-factor interactions were proven to
significantly strengthen soil erosion, particularly for the combination of land use type with
slope, which can explain 70% of soil erosion distribution. It can be found that soil erosion in
the same land use type with different slopes (such as dry land with a slope of 5°and dry land
with slopes above 25°) or in the diverse land use types with the same slopes (such as dry land
with a slope of 5° and forest with a slope of 5°), varied greatly. This indicates that prohibiting
steep slope cultivation and the Grain for Green Project are reasonable measures to harness soil
erosion in karst areas. Based on statistics of soil erosion difference between diverse
stratifications of each influencing factor, results of risk detector suggest that the amount of
stratification combinations with significant difference accounted for 55% at least in small and
middle relief mountains. Therefore, the spatial heterogeneity of soil erosion and its influencing
factors in different morphological types of geomorphology should be investigated to control
karst soil loss more effectively.

Keywords: soil erosion distribution; influencing factor; RUSLE model; geographical detector;
Sancha River Basin



