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Predicting microtopography erosion by coupling SCS-CN and MUSLE models

Qu Jiaqi, Rao Wenli, Ren Fanfei, Qian Zhenyu, Zhang Qingfeng
(College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712199, China)

Abstract: [ Objective] The precision of using coupled prediction models in quantifying microtopographic soil loss
was evaluated for varying slopes, rainfall intensities, temporal scales, and surface treatments in order to provide
scientific referrences for microtopographic soil loss prediction. [ Methods] The microtopography of bare loess
slopes was studied. The soil conservation service curve number (SCS-CN) model was modified according to
measured surface runoff (Q;) and surface roughness (SR) values for predicting runoff volume. The modified
model was then coupled to the revised universal soil loss equation (MUSLE) for predicting soil erosion. [ Results ]
(D The modified models, SCS-Q (using CN values back-calculated from Q;) and SCS-SR (modified via SR) ,
predicted runoff (Qcy and Qsx, respectively) with R* values of 0.933 8 and 0.769 1, respectively. The developed
models were more accurate by 32% and 9%, respectively, than the original SCS-CN model, which predicted
runoff, Q,, with an R? of 0.705 6. @ The coupled models produced more accurate microtopographic erosion
predictions than the RUSLE models. The MUSLE-SR model (combining SCS-SR with MUSLE) was more
accurate (NSE € [0.50, 0.94]) than the MUSLE-Q model (combining SCS-Q with MUSLE) (NSE € [0.23,
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0.94]1). @ During the microtopographic soil loss prediction, the surface measures more strongly affected the

microtopographic erosion prediction accuracy of the coupled model (ANSE=63%) than the rainfall intensity

(ANSE=52%) or slope (ANSE=40%). [ Conclusion] The microtopographic soil erosion prediction accuracy of

the coupled models considerably increased with rainfall duration: accuracy was low in the first 20 min of rainfall

(R*<0.5) but markedly increased after 20 min (R*>>0.8).

Keywords: microtopographic; surface roughness; soil conservation service curve number model; revised

universal soil loss equation; soil erosion

Y8 K 43 45 R 8 (GB/T 20465—2006) ) Fl
(e R L RTE DK AR R ), K 10 R R AR 7E K
T3 AT VHE T KR A AR RN Bl A R A
AR 7K 9 U0 A Hb A= 7= B8 0 I IR R R AL S
+ b R E AR K R . X MR E T oK
ARG T Re RO R R M AR R R i
B WO AR K 2R BRI E A, K
2 0h 3= T SR R K 0 5k M 3 40, M 3 AR
£ N T 5 A 7 1 s w3 1 1 72 N e w1
— A EAEL N ZREN IR, fEid R 10a
1511000 e el L 5 Sl s P o/ - S B T AN
BE B B AT R () b T R Cn A 7= 10 H
Y I B HE D TR A B 583 T 4 R O i o
R H TR B R 2 U5 RN Rl G ok SE R R 1 4R Tl
O, SR A5 G R B AL (U USLE/RUSLE) A&
Ak D SR TE AR B e i BRI HfE DL B R EE TR
Gy, S HURT IR A S B AR DR L, 6 250K 5
T 5 15 3t FE A AE DR 7 (A ot 3 MRS BB R b B 45 ) ok
TTHR G M, DL ol RO 6 48 v 1) 2 0035 T 2 ] f8E
H: A i 2 K BE B (surface roughness, SROE A 7EAS [
25 ) JROBE ELAT AN [ i 40 0T DL R AE I R 3%
o I PR A 39 v v R s DD AR S A A Y S B R B
B A= phny 3 . A b IR = il 8 5 iF 5%
L6 AR Y TR 7 5 At B 1 B 8 R e BIL AN
i e N DN R 0 o I 7 R 0
T AEAS[A) 43 HE 2R AS 6] Ho % DR 5 X6 7K = 3 2 00 ()
R R R AT 5T B b B R YT CAn A
JE R AR B Hb R DD E B B R R
O I A8 A SRR AR B G 55 77 G 7 v i e 1 O &R L LRI 5
S5 R R A IE 7 5 7 U 2 R LA R
PEICZR TR PDCRESE I 1 2 U B0l il R B 2 )
TEIT R T 22 RUBE A58 U T AR R R AR AL g . (R H
U ol % RBE 14 7K A= ol et £ T30 7 18T AT A7 7
B AN o BRI — 25 1, AR 9 24 0K M 3 R R
JE X — QS T T S 505 1% Ge A= D BE B AR 245 & DL 52
IR AR Hb I K 4R ok i ) R 0 T

FE AR T T0I J TL R FH A AR AR A 3 T S ¢
Z a4 56 X 4 B AR SCS-CN L 3 7K S 2

() a7 Ak 4 G R AR HB V'Y DL il T g 42
Wi T ) 4 FR A R SWMM F1 MIKE SHE 217
SCS-CN A5 AU 3 1 il 28 % CCND £ 6 i W52 ) 428 3t 7
NS P s e 128 2 7 N 1% S ) N o VR o L
TE SRR AR AE b, CN AR AT L3 5o 52 I 42 37 b s 3, B
Hamad @S O N TS CONAE I K A& i & kT B
ENY S g, N HE R | 6.75 m® Yy P
5% 00 W B b A A T AR 2% A KM 10.22%6 57
FAEHE 2 m® A O B S5 T AR TSI ) AR X 3
Zhe K0 5.24% . I, SCS-CN 5 HAT &5 w8 (1) Al
FRAEE T2 00 3E R L 2 SR
AL IE O A8 O 5 o AE (R e T
THT , 5D 08 R AR A 4 3 T 4 o AR A L4 A A el
TURR I AR (0 ) B RS R WEPP il 8 4E 2 4 88 37 2k &
(1) B 24 LR USLE LA BGE A [R] o BE 2% 78 1 4
) FH 26 B0 % %02 45 8 MUSLE 281% ) MUSLE #2 %1
FEH TR X AR E RO T Rk s s
HEZEZWE T ERCR, BASWE R, 5 T
FHAN 32 38 FH 0 RF o SR, %8 A0 3 92 1 F 3 35
FRUBE A B K A5 0 T B 7K b 0 2R JR0I0 1, 7 5 S Ry
Hb DX S RE R A LT Chn 3k T B RO R IR B K A%
R, T 25 5 mT AR A7 7E — 8 w221 AP T B A S
b 3 2 R WE I S R AT S OE o T B A B AETYOR
SCS-CN 5 MUSLE #5845 & 1 5 245 8] 78 ¥ 16
A 422 7 30 P R AR, H T R B A S B X T
FLEUI RCEEATS Ry N BRG] . BE e, AR 5 4 5
i L T SR 5 CN B 22 18] (Y 26 56 28 0 R
WA R SCS-SRAE AL, ff SRl i3 SCS-SR A
RG] A MUSLE B8, #8598 85 G 950 00 85 A A AN [7] 35
JEE R G L B[R] M 1 ) LIRS B R . AR5
M T &G AR ik A TR R PR S B G AR ok
T ARG oE T
1 ASS A S5 &R kI
1.1 iKEFHiE

bt - 398 08 1 PV A A% e ARl BT R 7l R
X B M2 2+ (0—20 em) | B by 0 4 4 CHR 4
NRCS /K H 32l ye L3k )8 CR 8D, HIEARE




53]

JEANEL 4R LT SCS-CN 5 MUSLE #5570 K - 19 15 Hb T 4= ek 35 300 83

91.30 g/em?, HIEE KA K 10% ,pHE Ny 8.2, T 4%
SR Ty Z oK plsg o R 5 £ 1 A R 4 S
i O B A . AR R I R S KRR - HE S T
TR K BRI REE A KRR D 2 D Y i
0l 7 e TR 7 w124 A ) O LT 8
Jo W R R BRI 5 A e 0T BB LR
JEFRE 24 h, 1K 09T B A R 4 2 A G
Ry B DR e T A SRR DL, 0 3 2 T I AR AL
HAREL S B R, ARK T 202346 AEH L ®
Ji A ARl B R M B R SR E AT . I
FEHLA% H 2.0 mX 1.0 mX 0.5 m, A] 7E 0°~25° ¥4 35 ,
O 2 AR A R 3 B (57, 157) , T 3 (60 mm /h,
90 mm/h) , i1 F 45 it (A T332 CAB) |- HH 24 1 X 17
(CK) ) 8N B 21 (A 1), F& F 5 15k 2928 90 min; 4
I E 3R E B IO E . b IE 58 A
TRETNIR G kS Wk G TR A R
1.2 HHEIKE

B IT R 7= A J B3P 30 s EATIREE PR B L
Gy B LS WS R U VDR S ICE T 105 CCRYHLAE
W24 ht T R AR E , H TSR &R v it
3 YR 1 7 AR Ay S0 AR I Qe FR S 7 v
it Ao T8 IR B TR SRR R A SR T ALA
AN TR BT 454 T B B TR A2 0l Ty R o i AR BILAE B
T 40 i I - A AT S R T 80 %0 (1 MR SR AT

&, f# F Context Cation 34 X A1 - 147 = 2 5 € Jf
BEE =, FH ArcGISPro 80F ¥ 15 = 4b Bk = 6 B
DEM 45 21| b 2 HURE B SR i FH 45 Z AR 2511 & (1)
LSTHAE T RGBSR YN T LS.

a ABH# (A TH#12)

b CK*t fE (4 #oh -F 32 4% 3b)

E1 #EUAEMREEREER L
Fig.1 Simulate soil after filling with different

surface measures

2 WEsEJiik
2.1 HARKR&E

3T SCS-CN 5 MUSLE #8451 7 14 15 2
b I B AR B 0 IR 2 B o

A T RN R > SR K B, ¢
Tk U
g N . | o BT 2
Is > DEM | HEEA - BiE [ R
SHE RO, v A
Hh A KE SR
% 1]
'SCSCN7|‘§‘<§1_ 1
CONIl & B SR-CN% 7 i 2% o3 18 i P CEVEE NS
4 SCS-CNHLE I
SCS -SR## & Hi 2R > C MUSLE# & B &Y
y
T 42 B Qo ¢
B2 T B Qe el Y K
T | 2 |
Q-RL& J7 2 il
» 700 B TR RS B b
E2 BEENEHBNTAREEE

Fig.2 Technical roadmap of erosion prediction with coupled model
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Table 1 Comparison of runoff predicted by SCS-CN, SCS-Q and SCS-SR and their errors

SCS-CN SCS-Q SCS-SR

el
HBAL o, R WWRER MR RE WOWEEE MR o BOWRME AR

CN{H Qo/mm %% CNfH Qcy/mm /% Qse/mm %/%
60AB5 47.91 78 38.87 27.6 81.86 45.92 4.1 1.14 51.08 8.2
60CKS 53.70 88 58.63 224 83.72 49.56 7.7 1.51 65.27 19.7
60AB15 62.64 78 38.87 37.9 88.58 59.93 4.3 1.13 50.89 30.2
60CK15 76.05 88 58.63 22.9 95.97 78.36 3.0 1.45 62.82 22.6
90ABS 82.23 78 76.26 7.3 83.91 90.18 9.7 1.11 90.40 10.7
90CK5 84.72 88 100.81 19.0 87.00 88.17 15.2 1.41 104.12 19.2
90AB15 95.91 78 76.26 20.5 85.11 93.26 2.8 1.12 90.94 6.5
90CK15 109.11 88 100.81 7.6 90.52 107.62 1.4 1.54 110.47 1.3
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Fig.3 Comparison of prediction accuracy of different runoff prediction models
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Table 2 Calculation results of runoff factor R under different conditions

g WA/ (m®es™h)  BEMRE/(mes™) PR EA/ m? (RIS BN T Ry W T Rex
60AB5 0.001 1 0.0010 2 0.532 0.049 0.046
60CK5 0.001 2 0.0010 2 0.597 0.059 0.051
60AB15 0.001 4 0.0010 2 0.778 0.056 0.062
60CK15 0.0017 0.0010 2 0.845 0.070 0.062
90AB5 0.001 8 0.001 5 2 0.609 0.089 0.089
90CK5 0.001 9 0.001 5 2 0.628 0.099 0.096
90AB15 0.002 1 0.001 5 2 0.710 0.097 0.099
90CK15 0.002 4 0.0015 2 0.808 0.117 0.116

K3 AEAEGFTLIEANEMEFRKHTESER
Table 3 Calculation results of soil erodible factors
K under different conditions

g iiﬁiﬁ:?%{ Fema Ry d s (2 ph
(t*hm *<h™") R, W K
60AB5 11.801 6 41.134 8 0.286 9
60CK5 12.636 6 41.134 8 0.307 2
60AB15 13.8254 41.134 8 0.336 1
60CK15 16.622 6 41.134 8 0.404 1
90AB5 26.9279 97.741 8 0.2755
90CK5 28.960 9 97.741 8 0.296 3
90AB15 37.464 4 97.741 8 0.383 3
90CK15 41.1102 97.741 8 0.420 6
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Table 4 Topographic factor (LS) under varied experimental conditions

G 60ABS 60CKS 60AB15 60CK15 90AB5 90CK5S 90AB15 90CK15
LS 0.259 0.184 0.187 0.144 0.257 0.189 0.183 0.133
x5 KEIRFHEEERTF(P,)

Table 5 Soil and water conservation practice factor (P,)

&I 60ABS 60CK5S 60AB15 60CK15 90AB5 90CK5S 90AB15 90CK15

P8 0.5 0.6 0.7 0.8 0.7 0.8 0.9 1
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