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Table 1 Hydrologic classification of soil group
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e 98 ) Hh
?o?l;tjype Minimum of inﬁlltration Sj():ilzfe}ili%e
rate/(mm-h’™)
A >7.26 . Homwb L. whpE L
B 3.81~7.26 Bt b
C 1.27~<3.81 R+
B, bR L. DR
D <l1.
127 B L

Fz2 AIHTIEEREE (AMCO F4X4
Table 2 Classification of antecedent moisture condition
(AMC)

T 5 d ZFAF
Antecedent Precipitation Index for 5 Days/mm

AME [NTE=T ==
Dormant season Growing season
I <12.7 <35.6
11 12.7~279 35.6~53.3
111 >27.9 >533
1.1.1 Williams #EMSENK
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CNy, MEIEJGI CNyE, slp Ron IS, %.
1.1.2 Huang 3REASENK,
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CNp X AN R 3 B 1 24 20 R
322.79+15.63slp

slp+323.52
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ANFRHERE S IB A, /DAY B 55 S SEA A ] . A PR
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WCAERRTLAITE YD, 25 /K I RITAE 7K i 34 A1 B
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2.1 WEMHRE R

AN SRS 2013 42 6 H 24 H.7 A 18 H.
7H24H.8 H8H.9H 19 HIY 5 BN IR
. IR EAE 25.8~108.6 mm Z |f], F 5
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Table 3 Rainfall-runoff discharge in different treatments of slope gradients

AN M AR

Glle) Ve 1 e LEE Ve 9 Runoff depth for different treatments of slope gradients/mm

Serial No. Rainfall event Rainfall pattern Rainfall/mm 6.5° 10° 150 20° 250
1 6 H24H KW 25.8 1.61 1.64 1.73 1.83 1.71
2 7H18 H KW 108.6 43.39 44.11 45.49 50.73 47.39
3 7H24H Sl 19.4 0.41 0.44 0.47 0.55 0.53
4 818 H EAat) 55.0 10.91 11.62 12.60 13.38 13.22
5 9H19H ZET 71.0 21.79 23.06 24.86 24.36 25.53
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2.2 EF Williams HEIEIELATEY SCS-CN &I
Rk e

SWAT R Hh gE AT = i il i 7R H Williams
WS BIE AN CN AT MRS, (HAR S 3

Influence of slope gradient on runoff depth

I FRARTEEN A D WL R IR, &
G L 6.5°~25° KW ff) CN {HAKIK A 80.44.
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B, RN, N Williams 2 2B R0 1) H 245
ViR Bl BTG, (RSO sEE, RAE
PR R REE 1 0.76, 1HATLL 20% AR 2 4
VPR 2B W 8% Erks 3, MG R 2 KT
I ATHE 40%~50%20 A7, I KIEE] 122%, T
AR SEAR LI 2 7 an ] 2a, SX 3R B H H
Williams 16 11 7 20T i 55 €0 - 33 b 177 [ W9 A2 008 Tl
FEARBIEN .

2.3  ET Huang I E & IE 2T AY SCS-CN 4R EY 7 7|
4RI
T /JIL

TE5r M Williams 24 X5 28 1 iy B B ) JE Al
b MR K B AR LI #E k), Huang 252% Williams
e BEABIE A ST T Sl B IE 5 ISR 7 B
vy I P R R A A TN R A T R AR ) T
MR R e LA, 24K (100
CN A J5 I F00I0 478 90 R 5 S 0 A0 3 IR 1R) 22 S T ]
2b, Huang AR Williams 220, HAKIE 35 &
N CN AN 4, WTLAE H, CN {E 63 BEAR I,
5 Williams 2 U BRI AR /N, BT i (R

*z4 BPEMT (50 mm KLE) Huang HEEIEANHY

AT BRI, BAUBERL E N 0.76 5%
0.90. 6 H 24 HAF1 7 H 24 HH 2 vk S i 50
PR 5 S AR A AR G 22 9 7E 20% 18 R m]
WRZETEHIN, 6 H 24 HEFW 25° I & ol
{E 5 SCMHE R 228N (GAF] 19.88%) , X &l TA
Yk B =i, B 3 R i A sC A 2%
FE T R, (H5 22 W AE AT S Y N . TRy
FEHILE 13%, f/NAS] 2.48% (£ 4), H2
BAf NI TN AR 4D - A0 AR G 8 ZE L e 50 5 7.58%

1 8.92%, e Ry EK . R [ WAL Y AR T

BRI R RS E R L 25k, {H Huang
O AE 5 B R PR 3 (R OO RS A 22 mm s, LTt
SR, PYIANRZE N 24.69%, LLSEBRIRU
D 20% VAT i 22 B0 TR 25 A ks AL
20%, B 20% 1 Pl &5 RACVF T iR 22 Ju N,
80% M TIN5 FAHXT 1R ZE1E 21.19% LA |, f KIS E
37.12% (K 4) , XRWLEH T3 L m R Tk
BEAE IE ) Huang A SR ANREIE 5 PR R 451 R 5t
B b AR IR T
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Table 4 Comparison of observed runoff and runoff estimated by equation developed by Huang under heavy rainfall (above 50 mm)

e T Ny BT S U papie T RO OB AR A
Rainfall event  Rainfal/mm  Slope/(®) Modified value of O, O0Served - Predicted =g o e errorge  Meanrelative  Nash-Sutcliffe
runoff/mm  runoff/mm error/% efficiency
6.5 78.23 1.61 1.65 2.48
10 78.45 1.64 1.72 4.88
6 H24H 25.8 15 78.71 1.73 1.82 5.20 7.58 0.99
20 79.11 1.83 1.93 5.46
25 79.47 1.71 2.05 19.88
6.5 78.23 43.39 54.02 24.50
10 78.45 44.10 54.47 23.51
7H18H 108.6 15 78.77 45.49 55.13 21.19 19.73 0.90
20 79.11 50.73 55.83 10.05
25 79.47 47.39 56.58 19.39
6.5 78.23 0.41 0.36 -12.20
10 78.45 0.44 0.39 -11.36
7H24H 19.4 15 78.77 0.47 0.44 -6.38 8.92 0.99
20 79.11 0.55 0.49 -10.91
25 79.47 0.53 0.55 -3.77
6.5 78.23 1091 14.96 37.12
10 78.45 11.62 15.20 30.81
8 H 8 I 55.0 15 78.77 12.60 15.54 23.33 26.71 0.51
20 79.11 13.38 1591 18.91
25 79.47 13.22 16.31 23.37
6.5 78.23 21.79 29.58 35.75
10 78.45 23.06 29.92 29.75
9H19H 77.0 15 78.77 24.86 30.41 22.33 27.64 0.34
20 79.11 24.36 30.94 27.01
25 79.47 25.53 31.50 23.38
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RERE, B S O ORI NB R, W&
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R, DA REN 2 R0 3R )2 E K BB
R, BEE RN T, RO LY T
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Fh A — 201
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W ERIR R BT — 2 IAE IE . X — i
Ma, MYENT 3000, B NBRK NS
L2 P, K 3 ATLAE Y, FESRIART S T
(50 mm VL b)) [HIHIRE A N 0.2~0.4 Z [,
BE 5 A8 BB, AR A ) P A 5 S EL
R, & 1=0.3 IisER/N, BEG
SRR IR ZE R O, TR AR RO R B R IAR
K 1E =03 BTiA R K(H. A, FRATTATLAAR
H, SREERALET A BOR, BRI TIIRS Bk, b
KA 0.3 WA i FRAR K 0 R (E=0.99,
RE=7.42%) X EE 5% 6 PR A <. 78
SERFEN AR, B TRO LW, KGR
ZAEBETH, HAREREELEKR, F/KEE
J1EE R, FoKAEGEAB T, MR ARk
ALK IS . b 205 N TR
M 9T R I NI R DL, N33 KB W
SIRRTAE DT 38 K o SR WA 25 BRI 5 B o g
RO SRR RN R R Y, R HE
JEATAE RAUBUK IR B, HAEBRWEORRW T, &
o OB R TR 2 2 RS P e . T
SOV AT 5 0 S /N XA N TR R
B ER R, EWNEHN 60 mm, FEF[FFN 1h T,
TRIG /N X YR = AR LR AR AN R B . X

g 70r g 70r £ 70y

=] = =

S 60f e s 60t £ oot
« 5 50} « B 50 -2 «5 50} .
53 E-0.76 g OF s—000 %83 z
By 40} Be 40l : B L E=0.99
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Fig.2 Observed versus predicted runoff depth by (a) modified SCS-CN method proposed by Williams, (b)equation developed by
Huang, (c)modified SCS-CN method by Huang in case of heavy rainfall with an initial abstraction ratio of 0.3.
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Table 5 Comparisons of observed runoff and runoff simulated by modified SCS-CN method

W F L W 9 B CNy 2 IEA WIS KA S T i IR 2 SRR R
Rainfall event Rainfall/ Slope/(°) Modified value of Modified value  Observed  Predicted Relative error/% Mean relative Nash—Sutchffe
mm CNy of A runoff/mm runoff/mm error/% efficiency

6.5 78.23 1.61 1.65 2.48
10 78.45 1.64 1.72 4.88

6 H24H 25.8 15 78.77 0.2 1.73 1.82 5.20 7.58 0.99
20 79.11 1.83 1.93 5.46
25 79.47 1.71 2.05 19.88
6.5 78.23 43.39 48.31 11.34
10 78.45 44.10 48.81 10.68

7H 18 H 108.6 15 78.77 0.3 45.49 49.54 8.90 7.93 0.98
20 79.11 50.73 50.32 -0.81
25 79.47 47.39 51.15 7.93
6.5 78.23 0.41 0.36 -12.20
10 78.45 0.44 0.39 -11.36

7H24H 19.4 15 78.77 0.2 0.47 0.44 -6.38 8.92 0.99
20 79.11 0.55 0.49 -10.91
25 79.47 0.53 0.55 -3.77
6.5 78.23 10.91 10.93 0.18
10 78.45 11.62 11.17 -3.87

8 H8 H 55.0 15 78.77 0.3 12.60 11.54 -8.41 5.98 0.96
20 79.11 13.38 11.93 -10.84
25 79.47 13.22 12.35 -6.58
6.5 78.23 21.79 24.61 12.94
10 78.45 23.06 24.97 8.28

9H19H 77.0 15 78.77 0.3 24.86 25.52 2.65 7.13 0.94
20 79.11 24.36 26.09 7.10

25 79.47 25.53 26.72 4.66
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Runoff estimation in hillslope cropland of purple soil based on
SCS-CN model

Chen Zhengwei'*?, Liu Xingnian', Zhu Bo***

(1. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China;
2. Key Laboratory of Mountain Surface Processes and Ecological Regulation, Chinese Academy of Sciences, Chengdu 610041,
China; 3. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Overland runoff is a main factor causing soil erosion ion hillslope, and runoff modeling is an effective
way to predict soil erosion for conservation of the hillslope cropland of purple soil. The model of Soil
Conservation Service-curve number (SCS-CN) is widely used for predicting direct runoff discharge based on
measured rainfall, and also used as a runoff-estimating component of more complex watershed models. As a basic
input parameter in the SCS-CN model, the curve number greatly affects the predictive value of runoff depth, and
the initial abstraction ratio (1) that was assumed to be 0 0.2 in the original development of SCS-CN model. When
applied in the hillslope areas, few attempts have been made to incorporate a slope gradient factor into the CN
method although slope gradient exerts great influence on discharge of overland runoff according to relevant
studies. In addition, the initial abstraction ratio is considered to be a constant in many applications, although lots
of studies revealed that variations of the ratio exist in different conditions. In this study, the relationship between
runoff and slope gradient was revealed by analyzing observed data of 5 rainfall-runoff events in 2013 from
experimental plots with slopes varying from 6.5° to 25°. The existing approaches integrating slope gradient factor
in the SCS-CN model were directly evaluated for simulating the rainfall-induced runoff in the hillslope cropland
of purple soil. Meanwhile, the initial abstraction ratio was optimized considering the influence of rainfall volume.
The Nash-Sutcliffe efficiency (E£) and relative error (RE) were used in the simulation results evaluation. The
results indicated that the observed discharge of runoff increased obviously with the increase of slope gradient in a
rainfall event, and the runoff discharge achieved maximum at a critical slope. For our experimental conditions, the
slope-modified SCS-CN method proposed by Williams overestimated the runoff depths with Nash-Sutcliffe
efficiency () of 0.76. The initial abstraction ratio (1) of 0.2 was applicable to estimate small rainfall-runoff events
based on the equation proposed by Huang. For the large rainfall-runoff events, the slope-adjusted CN method put
forward by Huang performed better with increasing initial abstraction ratio (1). It appeared to be appropriate for
overland runoff prediction in hillslope cropland of purple soil when the value of A was equal to 0.3 in the case of
large rainfall-runoff events, according to the values of Nash-Sutcliffe efficiency (E=0.99) and mean relative error
(RE=7.42%). Runoff discharge observed and estimated by the modified model achieved relatively good
agreement in each rainfall-runoff event with mean relative error of 7.58%, 7.93%, 8.92%, 5.98%, and 7.13%,
respectively. The results also revealed that the validated curve numbers calculated from the equation developed by
Huang were 78.23, 78.45, 78.77, 79.11, and 79.47 for each slope gradient from 6.5°to 25°, respectively. This
study provides valuable information for rainfall-runoff estimation and soil and water conservation in the hilly area
of purple soil.

Key words: runoff; optimization; precipitation; slope gradient; soil conservation service-curve number (SCS-CN)
model; validation; curve number; initial abstraction ratio
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