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Abstract: [ Objective | The soil erosion situation was evaluated in the Zhifanggou watershed of Northern
Shaanxi Province in order to provides scientific basis and theoretical support for the adjustment and optimization
of unreasonable land use patterns and the rational arrangement of soil and water conservation control
measures in the watershed. [ Methods] The present study amended the parameters of Chinese soil loss
equation(CSLE) and calculated soil erosion intensity based on the data of monthly rainfall, DEM, soil type,
and land use from 2005 to 2016 in the Zhifanggou watershed at Ansai County of Northern Shaanxi Province
using ArcGIS. The linkages between land use change, slope degree and soil erosion intensity were also
analyzed. Based on the aforementioned results, we put forward suggestions for the management of soil and
water loss in this area, [ Results] Soil erosion intensity differed greatly among different slope zones in the
investigated area, Farmlands with 15°~25° slope in the watershed were sensitive to soil erosion. Forestland,
farmland and grassland dominated the Zhifanggou watershed. The area of farmland decreased continuously
and that of forestland and grassland increased gradually. Since the project of Grain for Green initiated, the

area that subjected to soil erosion, and the erosion intensity were both decreased. There was a close association
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between land use change and soil erosion intensity, characterized by higher erosion intensity in farmland and

lower density in forestland and grassland. These results indicated that increasing the forestland and grassland

and decreasing the farmland could be favorable for the reduction of soil erosion. [ Conclusion] Spatial

distribution of soil erosion in the study area was dominantly determined by the land use types and slope

degree. Soil and water loss management should focus on the slope land with degree of 15°~25°,
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B o DR 5 0 A A R DL R N R AL A & T
W R HEOZ XK LA H 2™ E. A R
il A5 1+ A R LR AR RE R RS R R
RETR S H G 7T e 50R) 3 B AR LK
AR . JET . # S R B AR 6. 40
X 10" km® , + HEAR il i AL5A 3. 90 X107 km? . + 347
PRAECR F 46T 15 000 t/Ckm® « a) (1)) B4 7K ol i £
3.67X10" km®, fy e [ [F] & 1 ALY 896 . M HT L XF
TR AR E S5 R T A% LB KRS
LR D I R R R s
AR A, R AL T B K b AR R L DR A K 1 B R R
A EEGE X, AR R D R A 0 RN T A 4 R
IR T H, £EA Wischmeier 5 F 1965 4F #
A7 e S 7 AR USLE B B ad i + 5=
DAY ;1993 4F, Renard 5 38 1 X 3 JH 4= e i 26 Oy
TR (8 06 SO T B 1) 3T — A - 1943 o 5 000 A5 A0 — 1% 1E.
i ] 3 2k 7 B RUSLE, 20 {42 80 4R/ LAk,
WML K2 H L USLE (AT IR IR, 454
T Y M 4 M T R S R ST T AN TR A A AR o 5 56 A5
AU Ho H A AR e P AR A TR 5 1 kT K ok
AR 0 B 3 ST 0 T e DX/ B A A ok
TARAEAY e Ah  ELAT 4R A (%) - 4R ek B R e A
4k H B, Knisel 265 # 57 i) CREAMS #5684 5 3¢ [# %
HEK P H AR T H WEPPY s KR Misra 485 2
Y GUEST % H 2 i T Y H a8 5 B 1 Jmy BR A
FLS MR, B AR SR 52 e A A S5 I 1 s
+ 3 2% 7 1 38 CUSLE) A& 1E 3 A+ 38 i 2k Oy i
F(RUSLE) i ¢ AR 45 6 3% 5 1 b % R AF 48 1
4 ] - 8 3 26 5 B (CSLE) Sy #F 598 46 1, 12 455 780 %)
537 58T AR W e | TR e RUBR VR 5 it et = 1 4R 1k
FK 37 2% 3ok A R0 25 S 04 5% i), (o HL O A A b [ A
PR A58 % A K 2k O7 2 (CSLE) /R M A 5%
RIS 9: 7 N S N T St S R i w1 K S G|
T AW R R R A S R MR R 5
KT FIH ArcGIS HARACA R ) 4 HE 2 1l 11 45
TAE A5 3] - A2 bl ] AT R T AR R S s
i) PR =~ 22 1] 4 25 1) A8 Ak 1 6 2R 5 LB SR 4R 35 3 i 3R
£ B A = H A O =00 TR R G Ak B R R AR R S
LIRS

1 M55k

1.1 HEXHHER

4K 7 V8 I SR JE T B T A E g BTV L b B
B AR 2 109°13'46"—109°16'3",Jb 4 36°42'42"—
36°46'28", 2 ST S A TR WE A — 9% S L T R
Edbm g K, m A 8. 27 km® L MEdR 1 425, 71~
1041.5 m ARV FEK &8 549. 1 mm, B 7K 4F PR AR
R R ERELZERIE 79 AL H 3 H K
d B AR OK B 61, 100, TR e B mE A . Rk
RIDL A 4o 8, Hm Ay R B AL 63.5%; AL
WA 8. 06 km/km® , /K £ i R ™ 5 , ZAF Y47
A E IR 14 000 t/km® . 3 380 B X X g % e
FRME X, 2 AW 76 s R, KR FR AR E 4 43k
B Z R, 2 TR EAREY . Tk
SR K TE AR/ | b T3 BE BE BB A o DRI I R R
T AR AR RS . AR T BV B R A T
J ) 2 TN R o ™ K R R EE RN
1.2 MiRAZE
1.2.1 CSLE &% & & A4+ 5

(1) CSLE &A1, BiF 5% X P 32 22 DL oK il oy
X A AR b Y TR SR R b B R R R T
2 CSLE ( Chinese soil Loss equation), H i 5 & ik
iﬁ:y‘j:

A=R+K+L+S*B+E-T (D

K A—4FY R L E(/(hm® » a)); R—AF
FEX T AR FE T CM] « mm)/(hm’ « h+ a)J;
K—+3En2mpE Flts h/(MJ] » mm)J; L——
WRHEF; S—WERTF; B— &R 7
E— TR F; T— HHERER T

(2) PEMRBAHEF . R AXH .

R:lzzjl.735><lorl.wlg(r?m)—o.sm81 (2)
i=1

X P——ZF M H B KR (mm) s P—— 24
F AF [ 7K i (mm)

K Wischmeier™™ $i Hi i 28 56 20 30, AR 95 ¢ 2
it R A 2 45K G v ORI P R B S 1 3 [ T AR oty
FIF R AR 98 T 2R FH S5 88 IR o 4 9 2B BB 5
X REMZ M7 RAEE .

(3) IR plpE 1 FREA R .




T 45 BT CSLE #2814 B Jb 4% By v It 35 38 432 1l 3 A 97

0.3

K= {O. 2+0. 3exp[*0. 025 6SAN<1_%>] } (CLASLISIL)

[1_ 0.25C [1_
C+exp(3. 72*2.95(?)] SN, +exp(—5.51+22. 9SN,)

_Sax
100

i Sav— R & & (V) Coa— B kL& &
(%) Su FRi & (%) C—FHLR A .

SRR AR S 0 fE 4 ST 6 AN s (e
A3 V6 b B 4 e S B VS 42 26D SR Y T 3R R R K
WA XA T P R R, S5 SRR AT
- T Al 1 AT R N R R I 3R F
g, BRG] OR T SE I ARG SR S SE
HZEFEAA RIFMLTE R, MR T 4 X5 H
AR LT IE AL A H 3 Rk ok

K=—0.013 86+0.515 75 (5)

(D WK N F. RHKESRAE CSLE 1Y
IEAX %S M AML f2 742 8 LS H . [A Xt
DEM {f #1 () NoData {E i 17 T3 7" 3 8 N+
(14 5 2 X MeCool 250 R 52 o0 45 #2110 39 1
VLR B p<C5 R, R FHAE McCool 42 Hi 1
PR DR TR MR B> 5, SR FH R X 5 T il
FE FF 8 s WK B R A 2 Wis-
chmeier Al Smith"" 48 (9256 2030, TR AR

SN, =1 4

S=10. 8sinfg+0. 03 (0<<5%)
<{S—1&8$n@05 (5°<C9<<14°)  (6)
- S=21.91sin6—0. 96 (=14
L=(1/22.13) (M
a=p/(B+1) (8

8= (sinf/0. 089 6) /3. 0(sind"*+0.567  (9)
K S— 4 5 06— DEM 48 B0 3% B (H
)y L— ¥ KW F; A—DEM #2 B9 3 K A
22. 13— AR /N X BB s o K B T 46 4
B4t V&) {2 ok R T ok ) LA

(5) KR HEH F (BET), CSLE % 4% /K {5
A DX 23 g AR A i DX 5 (B L TR A it Y
(VL KRBAEREER (D, TREBEERF(DHF
D FE BB AW 5T B A 5 R L AR T A
M) B A2 B B X 1 AR N (B) AR R
Tl PR F (T 3225 W 2 500 0 o 4 i Jt - 342 ok
(IS A FH AT 5 IX 3t ) P 288 28 T R 3 05— A
PIAE BOR AT B R 5 B2 L % B b 48 07 ¥ O A A [
Al 28 B A0S (R AE R T R R B B AR
H ArcGIS ARG BNWEFE X B {E 53 A 8] 5 X5 Bk 1 4 i
R CTO WA A BFAE 8 it 1) b D7 IR 1. 9K 05 15
FTHRX T Hr A,

0. 7SN, ] (3)

L2.2 o EEREFaB T 205 HHE T
W] A 445 R M 30 R A DR T b AR o g DA A g
WA 1 [N 7E CSLE w347 o 2% [ (8] 7 1) 1
2 5 o (ELRAE R A=k g R A DR A5 i PR 2 Bl 1 1)
B HERS A2 AL B AT LA AR AT 5 B A2 AL Y
DB R R A DX AR e AR R e B K TR
F IR X e AR b e Ry ORGP L AR A D R X
S AR ok R 5 U 1L B ATEEE DEM 2 Bk R
R s R I AR A . BT AR 1 g IR
R b D R AR PR RO SR L O
WA B9 /N s AR AR RO 2 e A R 284k . HLRE
FRAR ik T DA 1 Bt 3 10 18] A8 £ %) - SR i HAY 2 35 9
LD

1.2.3 S EBEBREFraR T 2R HAE EH
(NI 2 N o N R PSR AP T S Y
S - S AR BT 0 B A% DR T B B L BT AreGIC
10. 0 4 L3k 4 7 A = & s 5 18 2 4% 315
FITHY RHER . AR TR R IR AR S5
Rl K A ER 2007 4R i s B9 € R Thoay 26 0 G b
YD K BIF S DX M AR ok 3R 8 45 2 Kl 43 A RE AR
b A R AR ol | R AR A | i AN AR ok AN o AR el AR
ZUi= 6 2, AR AT 51X 3 4R ok otk BE A 9 A
P 7 A e AR ok 53R B2 3 G ) 23 A1 KA

2 g5 aPr

2.1 TEEMEMETZESHIFE

2.1.1 Bed@AZAR A RF R DT R R BB R
5| S - 5y B RS 1) Bl 1 KN B R 7 A AR
DTS AERE Y . BERN R U R KN R
TR T IF T DX T 54 32 457 2 1) ) o 22 TR B K, 4 2 1)
o) f K AR i 2 2 KA . BEL L AL R ROR
20052016 A4F Jit 3ok 47 % WY i (1 e AR AR b ik 3 R R
A2 2013 AR B RN S A K. 11 a T[] 4 °F- 35 5 F it
g 476, 6 mm., P FVE FEIZE 403 mm Z 8] A ek
Fof T o 5 A A K B AR Ak R B R UM [R] L 2016 4F 1 [
IR AR » B R (B A 2013 AF fY [ W 2, B AR 45 N 471
22 [ F e T o RS AR U By F R AR R R R
KEWFFEAT R L] FERT Rk ) 09 28 A0 3 5 [ &
Ak TR — B0, U5 XN 25 S AF 0 1 B o
R/ o T AR T 52 T g A R B S



98 7K AR R 8 % 38 %

800 JE <5 T AR A 0. 53 km® . (5 4 A ALY 6. 46 %6 53k

JEH 5°~ ST AL H 0. 84 kn o i 424 10. 21% 5 3%

L o HE ol 8°~15° M T ALA 1. 28 k' . A3ibR 15. 5320 5 ¢

& BE R 15°~25° (T AL 1. 46 km®, [ £33 17. 66 %

i 400 Wi BE Y 25° ~ 357 T B 1. 83 ke, (i 4 U Ik

P \ 23. 3496 Oy =S5 T BN 2. 21 ke« 4 i

e e-tveed TR 268000, MWL IE 5 9P T LLAR

0 . . . . . 5K PO B HO e L 2 B R T 15 (R T AR 4
2004 2006 2008 ;;);(}) 2012 2014 2016 /ﬁibﬁlﬁ’\] 67. 80% ,%iﬁ%fﬁ"ﬁﬂﬁ@ﬂi%ﬂéﬂﬁgﬁio

B 1 Y58 miEEmEiiE

2.1.2 E¥ETrHAERF LR R
TE/INDX PN BT 38 TR A2 o g 5 1 ) R A g R R 2 0
Xof T o Wt e A8 WAL S5 42 Tl A Joi ) ot R 9 174 R
FREE S T - S A0 1 86 W A28 T A IR i A% ) B0
P A BT B B RN AR I AR R R T LR
TREL 4RI /NF SR N F2 B 4 R Ry A £,
TR AR 63, 400 25 A s HUOh 2 L JLHTAR %
TR T AR Y 25, 106, HoA S R R Ay A I BT R
A CHLE A A AT AAR T I e
Y] g Fedith o 2 25 2 b £ A5 X 40 Py 1 i B R
Ttk 5 4 8] 73 A B9 F 58 R ZRAG 2% 1 S S AT 1
K AH AL AR ArcGIC ot K B A J& 7 B s fin
B ;- 3, A2 R 30 m AR /N K {E M A%
SR8 i A A I e A e R w72 e O
g+ A+ KB 54 :0.37,0.42,0. 34,0. 22,
0.23 1 0.24 t« hm® « h/(hm? « MJ « mm). H T
B+ - BTE A BT — BT DAPUR b 2
2.1.3 MKRWABRT  BORMBE N TR T HE
Hiu B XS - AR ol ) 2 e Sl O AR il Bl g i s Y
T R R R R R kA 5T b e T
MR T2 — W e R bl e o ny EZEH &K,
T A S AR R A5 B0 R L i BB E L SRR, 1238
RS T T T U TE e I P A B AR o g B

ARBEFER TR A 5 m 43 3R 1 DEM £ 4 xF
WEFE X W 5 A7 52 . | S8 78 AreGIC i
Spatial Analyst #L 3t ff 1) Surface Analyst I g5 3|
e M A& L SRS AE AreMAP L BT HT 3D Analyst
B () Reclasify #8RE 3 B HiE A% 18] 53 ii<<5°.5°~
8°,8°~15°,15°~25°,25°~35", =354k 6 I & %% ,
IR X T AR R B O A R T T Hm R R, A
FERIFE AR M BEION MR GE D,

A5 DX 35 J3E 3% K DR 19 2 ] 43 A REAE 5 4 53 A
HAWER—Ftk . NI A ROk % i sk

®1 HKYARERES K%t

2 B B T A/ kem? HoN/ %
1 <5° 0.53 6. 46
2 5°~8° 0.84 10. 21
3 8°~15° 1.28 15.53
4 15°~25° 1.46 17.66
5 25°~35° 1.83 23.34
6 =35 2.21 26. 80

Bl FE R DR S e T b b S 6 B4Rk A B
W) 388 H SR AR 2l O A R PR, A At 2 R A D Y
8O0 5 3 B G 3 B A 7 I I Y T
R R AR Dl ke R L R K R AT DL
F LP-Tool™ " B4 47 71 5 8% J5 ¥ 3 B 5 1 M 4%
a3 B AL 2) 5 3 D A 43 A 1 (1B 3D i 17 4R 3fe
A5 B W A LS (EH A B (B 4) . W
5 mArHEAI LS 1 FX{E R 8. 79, i KA A 138,
ANTFS R B B K (A A E R U S R
3L AL Y0 W BE AR I F{E AL T 5,10 A 5 I 8 AR Y
30.89%,19. 30 %% B i 35k 10 B A 3 R P E AE 10~
IS, KN FEAE 26 DL 20 5 i 5w R
97.46% . ULEHRF CSLE A b e 1) LS i R MH
72 WHIE R AR .5 m A3 WS B B
KA 5 LB IE W) G B .

MERTF

EE:ZO
{%:0
03 0.6km

B2 KpARESEERTFESS



T 45 BT CSLE #2814 B Jb 4% By v It 35 38 432 1l 3 A 99

BKAF
:15
{%:0

0 0.3 0.6km
—

B3 KyARESEKEAFESS

LSEF
:138
fi&:0

0.3 0.6km
—

4 JYHARBLSEAFESH

2.1.4 AKBRHBEEF EWHHGEHET (B E XNE
— E Hb P T T RN A T A M Ok B S ) AR A
T3 I BBE GE IR IR R R b b O 2 Y
A 7 6 30 Y A R R T AR ok sl T i B R L
E/NF o T 1, MB35 4005 W sk = B AR AEY
HEXR . EE AT HRE . Rk A S .
JFEX. £ E. 8 F.KEH CHT 5% N 0. 28,
0.47,0.53 Fi1 0. 51, F it = HARLAEY (5 B UL
BI{E 0. 45 VE AW 5E X B B {8, K8 H B

T WA 1AM 0. 05, B4 0. 09, F 488514
T = R R K B (R T R R 0
FZRE AL BB KA BB o B 7182 (& 5).
M R a] LU AR P N 1 BAAE 2 T 1 AR #E
LT P S R ERTA W 1 8 W S K L 7 RS I N
Z R E B IE .

BETFE
Ef’éﬁ:l
1%:0.005
0 03 0.6km
—_

5 KYAREBEFESR

1E CSLE BEARL b B VE RS it I 58 R HUT —
S B AR I 9 3T % R A X T S o A ) -
TS Y H B L Al A 7 R R A e R AE
SR PR B T A K = ORI L TR TRIE A
AR B R T IR R Y e D AR A A AR
TR NI LR M, THBEEAT 0~12Z
[B) s AN 23 A 34 b ) s DX RRAE R 05 1 {E 87 T
AR K A ORAFHE M Y = M 2 A 4 S5 B AR S it P 1
T Bk Ay J& CSLE A v e e iff e B9 R 7 R e 2 2%
WAL B R A BV R it DR 0 T B O IR A R AR
Uit B B AR R it L (R 20 IR Bl AreGIS i
KRR T P8 W A 0L 9 3 B2 0 9 D o, 45 )
K ORFEREESR I T 18, ZEE b, SRR e
FH TR AR T AR 56, 29 %L 3 B S <S5 Ry Bk b
SVTATFR Y 16,29 96,57~ 10° 3k 3 (4 Bk 1 1 A 88 1 AR
B 25. 48 %, 10°~15° A Bk b 5 A 18 LAY 1. 94 %,

®2 FRFEETHEREEFE

IS [l <5° 5°~10° 10°~15° 15°~20° 20°~25° >25°
BEVE RS 6 R 1E 0.100 0.221 0. 305 0.575 0. 705 0. 800

2.2 MmEtTEEMEENTESH

i 2 GE T A% A 4R ok i R Y T AR e HE BT o T AR
ZHMBE (R 3) . N T LU . 4= Pl s 5 G LE ]
R B — 28 v B AR el 2 3T B TR 5006 Ae A
W3 8 L™ AR e 2 A o B TR AR 45 %6 LA

b D AR ol R A AR ok A% T AR A 1. 2900
3.97 %0 IR R 5 4% Dy ¥ I 1 - 8 AR ok A7) LG A
PR BO Z RGP . B 6—7 WA L
AR O A R AR S VA 111X By A i B ) 2 AR
Tl - G L™ 5 AL A v R LA e B AR



100 7K R 4

% 38 &

T8 Sk ARk ot J3E O B BRI vp B AR ko AN (R B R A Y
e SRR b 5 R 2 S SEOR L AT R RS O R R R L B R
ZHPAE 15° LA L R R LU AR B O 3L JF B
TR 5 9 ) e S8 AR et 3 B A A A AR b oK Bl 15
A R A R o MK DR R A s B T I
T8 3k SO BB P R 22 S A 157~ 357, HoM # i
T AK b ORI A 22 o BT DL 3 =k WD S8 L v Sy
FL I EPAEVE S S GBS R0 AR i R B
TR Ul AL Y R i 5 TR R XS AR . AN A
TS b A AR i R A 2 S kL EROR R T AR
1 - O ORI BT b A B R T . AE
2% Hu R 2T v 45 o v B /0 (1 S K 5 G U
S S R NI R AL NS N A S IRE L Y R SN
(Y DX B A FE AR . i TR S B
PET7 30l 35 - B A 5 B 8 UK R K g
8 7% M AINEE 4 A 2K

TR AR

B7 HREIMFAKR

#3 BEFCLEWITEEMEESRER

15 bt 3R A/ o TH AR
2 hm? HArH/ %
T 1075 1.29
B 3 300 3.97
iz 40 600 48.78
Ciivdl 22 475 27.00
58 21 11 375 13. 67
el 4 400 5.29

3 W

3.1 THFAAELEEMXRMNITIE

ART7 VWA - 2 R LA B | RO
B b 2 - S 4R it i B A A 0 2K L b 0T B A8 3l A
R J2 T8 A U % Y T B JRUIAL . BF e A IX S IR
B b AR B 3t T AR W 9 2> o o B T B AR B AT B 4
e o M ZS BRI S IR A e AR ) TG AR R R A
L BHGE S 7R B A XL bR T AR S8
(ENE Y37 SR (N SR NERRPUR: 3 R PN
R F B i ARG+ M AR ot i 2 A 3 B G L fEL I 3 b
AR 5 JEE A T S 0 AR i RN 0 AR
Mo sh 5 I, FEd E R AR .t TR BF L R TR
P18 STt » A A5 3 0 B M AR R R M L O Ok AT
M o - AR ok 5 T TS N B b R R
AW AR - 15 3t A IR A o S AR i R H AT
DIHR A - BN B M B 98 4= foh R 32 RO L Kl A
A ok 50 JRE A X A 5583 o U5 TUD T bR St R M D 2 B
Mo BES 25 5 T AR Ik
3.2 NEE T EEMEIAIEE

ARI7 AU AL T B o R A AR XL MR PR N
I TE B L e SO A R i, b AR ™ 5 N
A B A D7 3 M 5 A AR AR ER T L K R ™
HA L T T A TR TR SE R . O T R 2 AR
AP S X 2 B B AT S K TR L H R I 30 UK
AR AL R N A o3 B AR B A IR B B AR s
JE LA R B ) b B N M A 0
@RS R G AR« i i B2 HE s B R A O
3Bl DR R 22 4 5 ) I AR A0 4K 7 9 O R 1 9R A5 A
S i AR R B DR AR A 2 A BT ARAT [ SR T
A R A S S TR ) ORI E L O AR OK T I, A
BRI S B 2 VR U AR A AAR BT AT R
{FLJE: AT AR S PR OR3P 7 SN 5% AR 3

F 39 32 73 90 R - 38 e ol 5 RT3 AT
Rk 5 i 4 3 B R BT T G R D). B 157
~ 25 DX g 4 AR PHOIR B0 H L, — J7 Tl T 157~



56 M

T 45 BT CSLE #2814 B Jb 4% By v It 35 38 432 1l 3 A 101

25" M XV BN Z NN PR o — T il T 15° KA B
b DXL el A T AEL B O K R AR SEAE AR . AL
TE AR Y7 18 T oK A R 5 AL e s RN R XS 157 ~
2573 3 M DX EE o B IR o A AR D A . A7 7R A
S P9 M T R A B L v R L AR ok T B L )
L 5070, i AR R AR e /D b 3 B i L A b A AR
B b B R 422 Dol AR ™ R Y 2 R R
N 4 .57 ~20° Z 8], + HE R b DL BE AR B O
LTS TR A . 42 07 b b A AR 2K
gt A TF AR 3 % T L AR ™ A B e S A
SNBSS TS /A= 1< R RPN B o R U SR AN/
S AT B A T P9 S B b, T et R A B |
R SEAT AR R AR IR A L A D BT R el 22
FR XS 3 T £ o ) 8 i K b PR D BE

ATF 50 DX A AR okt 5 J5E 15 - i R D R AR B i 3R
B AR AR OGP o b M BE A A BRI H L J2 K
51— T AR A R AR R TE 4R T TR
oK AR B RLRI BT b A B 2 HEAR AR O
AR BT 3 B AN AR AR MO BT AT AZR B B
AN E, TRSIH AL G IR A e 2 4 25 A A
B L REES R SRR A O K4
e R SRR AL R iy AR S IR AR E . FEIE P 221
M DX AT e e v B R T ) 2 L B T A G o i
SR b L 3 i A R DR BB T 5 P R A v B
AR A e AR D) A 2 TR A O L 4 M R AR U D
IR AR s 3 b AR B L b AA B B A AR B
Mo MRF PR BOR K T AR IR A IR B R B
JEL A A A PRI I T BRI 2 — o S T AR AT
78 T2 35 AR EBR D AR U R ) AR A P

x4 MREHEEKTRFRAERE

it I EO BTN ki AT
JKF 20°LA N AR b IR [
Y = M 25°RIF AR b | AR MK
e ke A6 1 25°RIF Bk | R
KV 1 AR 25°RLF AR b | M E A
s 20°LAF I #F b
KB 20°RLF 525 AR IR R 3 b
FORLH AR ] A 20°LLF PR b L N T B Hby
L AR H) R & P B E K M
5 e R AR 25°RIF PR N T B

4 458

ARWFTEAEFE T ArcGIS £R ER A CSLE # 8
X 24K 5 8 AL S8R R W - S 452 o 4 4 G DR AT AR A
AR A PR AG BT R OT AR L &5 S KRR K

FIAZ bR B 5 B 43 AT T AR B A I S8 M A o R s
I 53 7 AR

(1) P38 S AR oft o3 A7 5 AR Ry 3 11 X By kAR R
5 Z R AR ol s - A 2R L A ™ E 5 9 B S LA
AR R 3 s Ve SR AR R B R A AR . R
Tl siR B o L A9 B R — 28 Sy o BEAR ol 42 30 T AR R
506 .

(2) [m) g BT b %) A A ok o 32 2 S AR, i B
TR B LR R 2R AE 57~ 15", LR L
BREEAR Y E I EME SR IR F R
A A PR b B K B

(3) ANRIZEAY - 4b |+ R o B HLof 25 Sk
A5 b T R i /0N B 2 7K 85 R b R R il AR o TR AR DN
b 170 422 o B8R B R K

[ & % X @ |

(1] BRmg4e, & 80, sk 25, 5. 3 V0 3 £ IX 32 22 38 Ao Fh
Rl K A R 2 A A BT L) . K AR FE AR 5T, 2008,
15(1) :394-397.

(2] k. HENRL W8, % 3T GIS Ml CSLE Bk ii 4
R o IR 7 B E S LT DL K AR 4R A A, 2009,
23(5):61-66.

(3] Zuwhe . %, ReALIH . 4. 5T DEM [ pkdb 88 4 i J5
S0 Hl 557 43 B AR A AR L) ], 7K AR R E 4 . 2014, 34(3) .
141-144.

[4] Wischmeier W H, Smith D D. Predicting Rainfall Ero-
sion Losses: A Guide to Conservation Planning[ M]. US
Washington D C: Agriculture Handbook, 1978:537.

[5] Renard K G, Ferreira V. A. RUSLE model description
and database sensitivity [J]. Journal of Environmental
Quality, 1993,22(3) :458-466.

(6] VLba AT, a . b 1) 4 T /K b S0 i 88 B AIF 5 [ .
RIS, 2005(4) : 1-6.

(7] R, BEF, AP A Fe X/ iR B+ e 4= il s
) 53 S P AR SE [T ] K RARFRE R . 2007, 27(3) 111~
115.

[8] Knisel WG. CREAMS: A Field Scale Model for Chemi-
cals, Runoff, and Erosions from Agricultural Manage-
ment Systems[ R]. USDA Conservation Research Report
No. 26, US: US Department of Agriculture, 1980.

[9] Flangan D C, Nearing M A. USDA Water Erosion Pre-
diction Project: Hill Slope Profile and Watershed Model
Documentation[ R]. USA. USDA-ARS, NSERL, Re-
port Nol0 USDA-ARS, West Lafayette, Indiana. 1995.

[10] Misra R K, Rose C W. Application and sensitivity

analysis of process-based erosion model-GUEST []].
European Journal Soil Science, 2010, 47(4) :593-604.
(11] & 5. 1 e o AR A SR B8 4 rp 0y 7K V> i o A8



102 7k - B F e AR

%38 &

WAFFE[D]. BEVE 75 4% . 75 %2 3 T. K%, 2006,

[12]  wl57c. VL + m X - Rl T4 48 78 & 35 H
WFFE MR LR, Jb 5T - K R FB K - P45 Wl , 2006.

[13] Meccool D K, Brown L C, Foster G R, et al. Revised
slope steepness factor for the universal soil loss equa-
tion[J]. Transactions of the ASAE-American Society
of Agricultural Engineers (USA), 1987,30(5):1387-
1396.

[14] Zhang, Hongming, Yao Zhihong, Yang Qinke, et al.
An integrated algorithm to evaluate flow direction and
flow accumulation in flat regions of hydrologically cor-
rected DEMs[]J]. Catena, 2017 (151):174-181.

[15] Zhu Hanhua, Wu Jinshui, Guo Shengli, et al. Land
use and topographic position control soil organic C and
N accumulation in eroded hilly watershed of the Loess
Plateau[ J]. Catena, 2014, 120(1):64-72.

(167 20 . % 0 i - 938 4= ik i 2 78 A B K+ e P B
B PE A WIS LD, BV VG 42« BV I v K 4 L 2008,

[17] Liu Baoyuan, Nearing M A, Shi P J, et al. Slope
length effects on soil loss for steep slopes[J]. Soil Sci-
ence Society of America Journal, 1994, 64 (5);1759-
1763.

(18]  ikBHAI, 82 3CHE, A 200 . v [ 4 3 ) plopk {8 R Ho A 5
[J]. #2442 ,2007,44(1) . 7-13.

(197 ARE g &7 8, T3 & T RUSLE BB 19 =1L &
JE Ly A B 42 4 T A [T ], Bl % #2017, 26 (7)
11-22.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

rfi A B 2 E K R EB. SL190-2007 4 3 {2k 43 2 4%
b o LML 65T P KR K H s AL, 2008 0 3-12.
s R FEIC, WIE . WL E R R R
B L], A 224, 2001,21(7) :1050-1056.
AUl FHFI . 5. % 3T RUSLE B8 (4 + 512 itk
B 2 o3 SRR AE 43T - DAAL 7= 4 sl B T S 490 [T . b 2 )
%,2015,35(3) :365-372.

5 4 2 A Bk L MREE L 4. 3£ F RUSLE R824 KT
ST P 754 X 4 HEAR il e AT ) ). A A 2R, 2013,
33(10):2974-2982.

g X SCak. USLE/RUSLE sl vl o 5 & B W F
WigT k)], A2 ,2014,34(16) . 4461-4472.
MRS /e, B Mob, 4. JE T RUSLE #5254 1 Y 77
R IIX R[] ] %R =, 2014, 36(6) :
1288-1297.

R AR, /NP 38 $ R 7E K U B TE R D

B g A R R LT, v K L R FERHE ,2017(3) 1 9-12.
F)H L EHE LGB L%, ST GIS Ml RUSLE (147 5% i
AR T E )] K AR A2, 2015, 29(3) 1 6-12.
EHEM R, TR L4, X R b B4 7 1
WEoE - L% 38 B o I LT ], v K + (R 5B 2%, 2010, 8
(3):1-7.

da AR XUAE, B Ak, 3R E B+ XK £ R ARG R
[T, v e fF 7K 1) 7K H . 2010€10) £ 36-38.

At IS RN FT L Te A L S T GIS 4897/ s+
S AR o 5 23 1R) 43 A [ ], # B0R 2%, 2009, 29 (1)
105-110.

(B35 94 1)

[25] MR, HEAERS 8 90 R, 58 AR Y H) 77 0T ik 40+
JZ YU BT R AR BE K A8 A LT . Rk T AR 2 4 . 2015,
31(24) .106-110.

[26] Perfect E, Mclaughlin N B, Kay B D, et al. An im-
proved fractal equation for the soil water retention
curve[ J]. Water Resources Research, 1996,32(2).
281-288.

[27] Jlogl, BRAKLL . R 50T 5. S K% T &) - Hr sy i i
S]] VEAR R A 2 A AR B2 IR, 2016, 35(3) - 97-
101.

(28] T, B2, &5 7K 3008 BT B 4T 89 9 B A 52w BF 5%
[J] NS R R4l HAR B2 ). 2009, 30 (1)
170-174.

[29] sk, 2%, 4 DL DL. & K R AT 2 2 X = 9% o 90

[30]

[31]

[32]

[33]

YRR ()], I TR R HRB R
2016,36(3) :74-79.

ZEdiR IR SO %8 B2 T AIRL B &2 X 7D B9 A A B gy
SR BE R L) ], & £ 1%, 2006,27(12) : 2255-2260.
VEJB A G5 SCAE . MO, 55 7 38 0T 2% B X 4% AR 4 Bt 5
SREESALR S LT ]. MR & B 5 R AR, 2015, 11
(2):364-369.

Su Lijun, Zhou Wanhua, Chen Weibin, et al. Effects
of relative roughness and mean particle size on the
shear strength of sand-steel interface [ ]J]. Measure-
ment,2018,122.:339-346.

Gyssels G, Poesen J, Bochet E, et al. Impact of plant
roots on the resistance of soils to erosion by water: A
review[]]. Progress in Physical Geography, 2005, 29
(2).:189-217.



