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Table 1 Physico-chemical properties of the test soil (0~20cm)
A e EL T =, s =Y
N EoK 2mm HA T E AP = o
+ 1 L% AN ¥ TR - [} A AT FH 25 728 it
" S Hb Soil moisture Rock content Organic matter
By} Sand Silt Clay Bulk density CEC
Texture N content above 2mm content .
Soil type (%) (%) (%) (gem™) . (emol kg™)
(%) (%) (gke™)
WA 2.82 55.74 41.44 HbiEAL 1.30 10 0 16.66 18.47
Lou soil Silt loam
PR LR log Q,=logC+H log (n) (3)

1.2 iRt

B X EZ + (0 ~20ecm) HIKK
Fhaidlemif, 20282 F2m x Im x 0.5m A + 8
, BEREAERAELE0 g em™ EH AT
AFhE DL AR B ER I . N T (AB) . AT
832 (AD) | EE#HE (CT) . HZEH (CK)
HAARCE 7S Wk [16-17 ] &
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VB ¥ s U ILA90 mm hRR R g 5256 Fr
SR, W% Sk I T v B O 18m, DRIEFE RIS
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TIF I R F 2 min AR AR TR VO ARE . M B L 1 v
PE, R R AP AR N2 IRE R
1.3 EHRRESF
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G J 1 i g B BUm T aE, T HRREA S A
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27 WG NAS LI B R 43 R ALK E] D, (a =

1, 2, -, 4), BPMXEWILRERIX, , (k=1,
2, =, n; n=integer (NIA) ) ,
R/SGE AT

0,=R,/S, (1)
X, RN ZE, S WbrifEzE. MAEGIHT 74
AT T

0,=C xn" (2)
K, CHEEG HABMIRREE, ERESH,
HASEX I [0, 1] o BX (2) Pl ot
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B A HAR .

FH A FH 56 22 BBk R B (8] 1 9 g A O,
OV A B8 DA I ) 3 B e
B=2""'_1;, BE [ -0.5, 1] (4)
D=2-H; DE [1, 2] (5)
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ANBTT 22 R8I I ) RURE BRIV 3 R 97 ) 2 2
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21 #ZEREKEM

B ER/SFIES BT A R WL K2, h#®
20[ 41, HE [0.567, 0.798] , 0<B<1HI1<D
< 1.5, ULHA RSN AR T 50 A AR R AR 22 1 B 1E A
F, B, #éfﬁih—log (n) MhHE ETF
A, ULBH ARV USRI R R AR I 51 34 A
AIEM KA. Fef, H>0.5H i T0.5,
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Table 2 R/S characteristic parameters of runoff

RS it Yo T8 30 5 i FIAHE R 5 Bapi 21

Treatment Slope (°) Hurst index H Autocorrelation coefficient B Fractal dimension D

N T8k 5 0.675 0.275 1.325

Artificial backhoe 10 0.695 0.310 1.305

(AB) 15 0.720 0.357 1.280

20 0.674 0.273 1.326

25 0.654 0.238 1.346

NI A 5 0.718 0.353 1.282

Artificial digging 10 0.700 0.320 1.300

(AD) 15 0.606 0.158 1.394

20 0.646 0.224 1.354

25 0.665 0.257 1.335

A 5 0.721 0.358 1.279

Contour tillage 10 0.626 0.191 1.374

(cr) 15 0.798 0.512 1.202

20 0.700 0.320 1.300

25 0.722 0.360 1.278

HE Y 5 0.567 0.097 1.433

No treatment 10 0.671 0.268 1.329

(CK) 15 0.632 0.201 1.368

20 0.644 0.221 1.356

25 0.699 0.318 1.301

SIIESE: ) |V < E A ERP Y <R ERE s S e o

AN TR) ke VR i e 1% 394 1T 7= 9 A I R A
FBOLF3, RERINAH, FrABEAES ~ 17 minil
BN IR =0, AERFVE 7 S R RS B0 R, Jk B
K, BRI [ ET, HE ™
Wi, B NNBAERS A= s ] B . AT
< NTHTE < S #itE, SadEtE iR A S 2™

Vo T E LRI AESC ~ 25048 ARy, 7 I ] A
3.3 ~ 4.7 minl [l NS4, 3 R 0E 7 G F 8] £ 52 i)
AR HAHMWRN REERK, N APHER &R
TMARBI/NT B, KW HLE . AN T8
M T2 R R B L 50% , FEPHEMR
i R/ 03X TR K Dy B R ok AR g W e AR
WL, WUMERAS, Wit RER. M
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Table 3 Time of runoff yielding on slopes

33 LI T RS
(°) time ( min) (%)
5 NTHIBE (AB) 6.6 59.0
ANTAZ (AD) 6.7 57.4
SR BHE (CT) 17 40.6
B (CK) 4.7 68.4
10 NTH#F (AB) 5.4 60.2
ANTA#4Z (AD) 5.9 63.7
FEHE (CT) 11.9 51.4
B (CK) 4.6 64.9
15 ATH#HE (AB) 5.2 57.8
ANTA#4Z (AD) 5.5 58.2
BrBHE (CT) 8.2 47.8
HZY (CK) 3.9 61.1
20 ATHI#F (AB) 4.6 56.5
NTAi4% (AD) 5.2 61.9
B BHE (CT) 53 52.7
HZ&Y (CK) 3.7 68.8
25 ATHI#E (AB) 4.1 59.0
ANTAig4% (AD) 4.6 56.1
FrBHE (CT) 4.8 52.6
HZ&H (CK) 3.3 62.1

A2 Ui ek B L e T D S A YOG R LR L
SR ANELRS 77 3L I (AT 520, R AR 3L B AT S0
PP AL, AR A TR J5 A 10 min A jH
WK, RO R IR B LT B N AR i R S I, )
AEJE th THA ML . BoRi S Em, Iz R as
FRIEI, SEFERITGS, AR E s . b
Je L B S R A R I B, ELK R A SR AL
TER), BA—ERMEYE, X0l fES R R
AFRRMEBA S, R E, MAES ™R, %
TEE T, HARRTRE R, AN NBHER
AOFE R R /N T AR, o A fE T A
W/, N TARIS AN T 88w Rk X 42 i

23 & Runoff volume (kg)

=N WA N O=NWEN O—=NWRUN — W A L
1

—_— N W A~ W

P& 5t ] Duration of rainfall (min)

BT AR T S A s

Runoff volume on slope farmlands relative to slope

Fig. 1
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Ivi) B [ R 1 428 2 P 1) 0 e LB 4 B 254, S
SR B WL T U S SR L DRI AT LA A A 4
BEVESE A2 0 AR AR A . DASOHE a5 BRE 7 =R
B, fE2afE2bAT A, AN TN THZR
AN R BRI 1628 minkbF SR G RRIZL, Mo
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Table 4 Equation for prediction of runoff volume
ﬁi B R ﬁg
() Treatment Prediction equation e
5 ANT##F (AB) §=0.4482 In t+2.256 0.79
N3 (AD) §=0.1878 In 1+2.9072 0.61
FEptE (CT) 5=0.0087 In 1+2.4107  0.70
BB (CK) §=0.2586 In 1+3.3613 0.55
10 ANT##F (AB) §=0.3872 In t+2.5023 0.90
ANTH%% (AD) §=0.4241 In t+2.6081 0.74
SEBHE (CT) §=0.4303 In 1+1.8481 0.76
HZHE (CK) §=0.552 In £+2.3129 0.85
15 ANT8#E (AB) §=0.3988 In 1+2.3265 0.82
NTH¥% (AD) §=0.3324 In t+2.5404 0.70
SEBHE (CT) $=0.6947 In 1+0.8729  0.90
BB (CK) $=0.4077 In t+2.4947  0.69
20 ANT##k (AB) §=0.3235 In t+2.4593 0.65
ANTA8¥E (AD) §=0.2448 In t+3.0126 0.65
SEpHE (CT) §=0.4965 In 1+1.7403  0.85
B (CK) 5=0.319 In 1+3.21 0.73
25 NTH##E (AB) $=0.2493 In 1+2.8269  0.68
ANTH%% (AD) §=0.3379 In £+2.3978 0.78
SEAHE (CT) §=0.4011 In #+2.0026  0.78

HZk¥E (CK) §=0.2247 In t+3.0834 0.53

Bl2cHr, /N 2 850 R R HLRR G b 9 s R 3
BAETE28 min, AT HEM AT M B E AR T i AR 1
FETE28 minPYESE I . R EI2d AT, /N R BT
7 H R A PO BB AR R AE28 ~ 29 min L
BE b, MEHME SRR E R R, ST )0 HE W Rk
B AR ] BEAFAE28 ~ 29 min (Y vEE ] [FFE
22 ~ 23 minkbL B EGR IR, BER IR i
LR W AR A N T I A SRR, SO0k
T, NT##FE. AN TS S ESE O FHER
it B A2 W B S AEAE 28 min Y HE SR, F WA YR E
BOPLRET, S HEER AR AR L 32 A 22 AN K
MBS AE22 ~ 23 minkh O & IUIRFE G, HE&
PEERE 128 min B AL B /N BRI B, B
HIARAE LR fe i A, 38 B T 2R A0 07 F R X o 20090 3
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WL /NEE T 22K, T A PE— 25 v A 5/
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N TR 7 50 0 32 8 . N T A2 42 37 51
B E B N28 min, FRMPEAPIABE0E, RE
M9 min 128 min PSR, H: rh R R I I X6 1V
28 minfYBf ] REE, FH28 minZE A A E RS
o, RHEEAHMEREIFAM FEZRB, 9 minky
SR . HEBA WA P, RER22 minfil
29 min, R RUEE X 29 min i ] R,
FWI29 minZe A7 (R AR s e o, Ol LA U A
FEAN F T, 22 minZEA o5 A, BT
A1) ) 3 JE 3915 L 2 vp g sl rh o SR TR — 3

PNGREINYE = NG R8s e E s
28 ~ 29 minth BLE RUE(E , HAb R ] ROEE i 3l
g5, AT LAFEII90 mm h' B SR R AR I
FI0 E JE 328 ~ 29 min.
24 FEKREMN

FEUD B R/SHFHIE S EUR AR 5 R BT 45 - WL 3%
5. HFs5A[H, HE [0.632, 0.861 ], 0<B<I,
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5, BIERYV,~log (n) MR LIS, Uil
AR 7 U SR B TR AY P b R 5 B B AT IR Y
KA, a2 R 2> s, HAR
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W, PR R A AT REEAR K, Bl B KRR
T3 S 838G i Ak 82 2 s #a H, Hio AR Sk
e . R AR 5 2R B0 153 AS [RS8 iy = v AR
SR, TRAFHZENE, BRHUSENAETA
(]33 A b ) A e VD 2K i 25 S I, AR AR S5
RBURK, FREBHERN 5 RBOAR BN

7D i B R W T B AR AR OC R L EI 4, A4
AHL, Bl R Dy B A3 0, Ve VD AR T IR
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P, SR L R R B R R EIE I, )5
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Fig. 2 Time-frequency distribution of real part transformed with Morlet wavelet of runoff volume on loess slope farmlands 5° in gradient

relative to tillage
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Fig. 3 Wavelet variances diagram of runoff volume series on

slope farmlands relative to tillage
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Table 5 R/S characteristic parameters of sediment yield and coefficient of variation
e it ez I8 30 4 HAHC AR5 I3 HERL 8 5 F AL
Treatment Slope (°) Hurst index H Autocorrelation coefficient B Fractal dimension D CV (%)
N8B 5 0.805 0.526 1.195 45.89
Artificial backhoe 10 0.646 0.224 1.354 48.28
(AB) 15 0.861 0.649 1.139 68.52
20 0.799 0.514 1.201 89.95
25 0.723 0.362 1.277 61.60
NI H4E 5 0.632 0.201 1.368 47.14
Artificial digging 10 0.854 0.634 1.146 33.70
(AD) 15 0.702 0.323 1.298 32.37
20 0.833 0.587 1.167 63.95
25 0.830 0.580 1.170 91.75
A 5 0.706 0.331 1.294 56.82
Contour tillage 10 0.714 0.345 1.286 61.85
(cT) 15 0.784 0.482 1.216 43.56
20 0.807 0.530 1.193 27.87
25 0.809 0.535 1.191 42.99
HERYE 5 0.740 0.395 1.260 74.68
No treatment 10 0.759 0.432 1.241 137.9
(CK) 15 0.679 0.282 1.321 107.3
20 0.755 0.422 1.245 117.1
25 0.721 0.358 1.279 137.8

——AB ——AD ——(CT ——CK

JE VbR Sediment volume (g)

&4

0 10 20 30 40
& s} [A] Duration of rainfall (min)

TRV BE T S b st v

Fig. 4 Sediment yield on slope farmlands relative to slope

gradient
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T TR 5 306 5 A 564k

H1 226 1 T5 7 B HLREHE T s V8 Vb i ) KB
Fl, AT REM IR 10 min AL B KA L,
11 HAE R BB AR S BT, =Yhi SfaE 7E—
LN o BOHG BEA for Jo eI UE N 58 3
2.5 FELENEERE

e N (AT SR L e ST oy
B Morlet/NIE AR #e, FISZ ] T 7= U B 51
Morlet/|Ne A% # SIEFR AG BE AR 16, 185 B b S s T 7™
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Table 6 Equation for prediction of sediment yield

W Slope (°) HHERS I Treatment T J5 2 Prediction equation WA R

5 AT H##F CAB) V=-3.725 In 1+22.372 0.57
ANTH¥% (AD) V=-2.697 In t+13.286 0.83

FEBHE (CT) V=-0.658 In 1+3.074 0.74

HZ&Y (CK) V=-6.141 In t+26.049 0.74

10 AT CAB) V=-4.741n t+13.778 0.72
NILHZ (AD) V=-4.512 In t+29.121 0.53

ERPHE (CT) V=-3.523 In t+15.815 0.78

HZM (CK) V=-18.1 In t+66.075 0.67

15 ANT8#E CAB) V=—12.48 In t+53.401 0.83
AN T4z (AD) V=—6.087 In t+35.959 0.80

ERHHE (CT) V=-2.462 In t+16.169 0.59

HEW (CK) V=-19.56 In t+76.212 0.64

20 ANTBE CAB) V==17.79 In t+69.56 0.89
NTH¥Z (AD) V=-11.75 In t+50.381 0.94

SEAHE (eT) V=-1.56 In t+18.09 0.63

B (CK) V=-19.04 In t+70.954 0.77

25 ANT4#F (AB) V=-18.34 In t+80.609 0.88
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Characterization of Runoff and Sediment Yield in Farmlands on Loess Slopes
Based on R/S and Wavelet Analysis

ZHANG Huihui ZHANG Hui DONG Yan ZHANG Qingfeng’
( College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract [ Objective] On the Loess Plateau of China, water erosion in slope farmlands is the major
type of soil erosion. Knowledge about changes in runoff and sediment yield therein will sure contribute to
understanding nature of the erosion on a microscopic scale. The objective of this study was to investigate
temporal variation of runoff and sediment yield on microrelief like farmland on loess slope under rainfall. An
in-lab experiment was designed to have slopes, 5°, 10°, 15°, 20°, and 25° in gradient, and four commonly
adopted tillage patterns ( flat slope, artificial digging plowing, artificial backhoe plowing, contour tillage )
paired in combination. [Method] For the in-laboratory experiment, a steel trough (2.0 m long, 1.0 m wide
and 1.0 m deep ) filled with soil was set up with slope gradient adjustable in the range of 0 ~ 30°. Rainfall was
simulated with downward sprinklers, 18 m high above the ground, which allows all the artificial raindrops to
reach targeted terminal velocity and size of raindrops in natural rainfall and to distribute like a natural rainfall.
Each artificial rainfall event lasted 90 minutes. Samples of runoff were collected every two minutes after the
initiation of runoff for. fractal-theory-based rescaled range analysis ( R/S) to predict trend of the variation of
temporal sequence of runoff and sediment and for Morlet wavelet analysis to identify principal cycles of the
variation of each runoff and sediment yield sequence. [Result] Results show that Hurst index of the runoff
sequence lies in the section between 0.567 and 0.798, while that of the sediment sequence in the section
between 0.632 and 0.861, both being higher than 0.5, displaying a long-range positive correlation between
the two. Hence the temporal sequence of runoff and sediment yield on loess slope farmlands in future will
remain the same as that in the past. In addition, the volume of runoff and sediment yield displayed a positive
and negative logarithmic relationship, respectively, with duration of rainfall, expressed by the equation of
S=a+blnt (R*> 0.5, a and b are constants ) . Generally, runoff peaked in volume 28 to 29 minutes after its
initiation on the slope farmlands regardless of tillage pattern, while, sediment yield might have a long cycle
of over 30 minutes in sequence on slope farmlands under certain tillage, indicating that the sediment yield on
these slope farmlands might vary periodically every 30 minutes, which, however, needs to be validated by
more detailed data of a longer time sequence. [ Conclusion] All the findings in the study demonstrate that it
is reliable to use R/S analysis combined with Morlet wavelet analysis in predicting temporal variation of runoff
and sediment yield. This study also enriches the theory of run-off and sediment transfer, and lays a foundation
for in-depth understanding of the runoff and sediment, which is of great significance to further researches on
relationship between soil erosion and time sequence on a microtopographic scale.

Key words Runoff; Sediment; R/S analysis; Morlet wavelet method; Hurst index
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