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Effects of Rainfall Intensity and Land Surface Roughness on

Microtopography and Runoff and Sediment Yield of Slope
LI Qing-xi, DING Wen-feng, ZHU Xiu-di, PANG Yan-jie

(Department of Soil and Water Conservation Research, Yangize River Scientific

Research Institute, Wuhan 430010, China)

Abstract ; Surface roughness is an important factor affecting sediment yield. Previous studies are focused on the
effect of roughness on runoff and sediment characteristics rather than the relationship between microtopography
changes and soil erosion and sediment yield process under different roughness conditions. In this study, the effects
of rainfall intensity and land surface roughness on microtopography and runoff and sediment yield are studied by ar-
tificial rainfall experiments and Photoscan technique. Results reveal that in the experiment condition, four microto-
pographic factors, inclusive of surface roughness, relief amplitude, surface incision, and depression storage) de-
crease on both smooth and rough slopes after rainfall, and the decreasing trend aggravates with the further increas-
ing of rainfall intensity. Under the same rainfall intensity and rainfall duration, microtopographic factors of rough
slope change more dramatically than those of smooth slope.There is a significant positive correlation between the
variation of topographic factors and the runoff and sediment yield parameters (runoff rate, sediment rate, accumula-
tive runoff volume, and accumulative sediment yield) , but the correlation is only based on the condition of the
same initial slope treatment; under different slope treatments, the variation of microtopographic factors on the slope
does not correspond with the amount of soil erosion.Compared with the smooth surface, the rough surface could ef-
fectively reduce runoff yield in the early stage of rainfall, and the yield on both slopes tends to be consistent with

the elongation of rainfall duration.Under four rain intensities in the experiment, the runoff rates of rough slope and
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smooth slope both increase at first and then tend to be stable; the sediment yield and runoff rate of rough slope dis-

play the same trend; but on smooth slope, sediment yield increases rapidly at the early stage of runoff yield, and

then decreases and finally tends to be stable. The research results provide reference for studying soil erosion mecha-

nism and establishing hillslope erosion and sediment yield model.

Key words : rainfall intensity; roughness;microtopography factors; runoff yield ; sediment yield
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Table 4 Coefficient of correlation between topographic factors variation and parameters of runoff and sediment

5% B B 7 ARk PR BEL
- AMERRERE  AMERRE  AMERDEHE  AEmERE IR RS BV h
A HIE AR BE 0.927*
A M F D) H B 0.998 * * 0.926*
A M E 0.992* * 0.967 * 0.990* *
PRI 0.985* * 0.966 * 0.990 * * 0.995* *
RRUES 0.979* 0.982* * 0.974 0.996* * 0.987* *
SRR 0.978* 0.950 0.988 " 0.985* * 0.997** 0.972*
R 0.988* * 0.970* 0.990 * * 0.998 * * 0.999 * * 0.992 " * 0.993* *
A HbIE AR B (0.984* *)
A RV E (0.975%) (0.999* * )
A M E B (0.972%) (0.998* ) (1.000* *)
PRt (0.992% ) (0.952%) (0.938%) (0.934%)
RS (0.999% %) (0.990* *) (0.984% %) (0.982" %) (0.985% %)
Y AVRS T Th s (0.993% ) (0.964" ) (0.955%) (0.950") (0.993" ) (0.990* * )
E R (0994 %) (0.990* *) (0.987*) (0.984 %) (0.975%) (0.997**) (0.990* *)

T A ARt s . TEEAS L (BUN) H0.05I ARG BAEAY 5 = = . TEEAF L (X)) 290.01 10, MRS W2 A5 () 7 INEUE 7R MR MLk

I HTE DR 7 i P P SR AR K R

43 90.075,0.114,0.162,0.237 , ZLFH 7= V04 43 1
H1.655,11.894,36.841,75.736 ¢/m’, A] LAFE i, Kl
RSP 8 ) M S B A A i R e i, (HU MR
ST Y SRR U0 /N TG I, DR A R S
PR Gl PR, A RESUDUR SR OB R Rl
PRI 1A 2 A R TN 3 T Py /K - R e, iR 25 IR
PG FHE L B

4 % i

(1) 56 AR L, HUARE b2 RAELEFE T 4
W REAT BB/ 7=, B A T AR [ S 4, 2 Rl 35 1 Y
PR BT

(2) FEik 5 B IR 4 SRR 5 T, RDRE i i A
TR T A 7 R K 22 BTG RE B TARE B
LRSS T 7= V0 3 7= 3 R A A L — 0 (HO i
T 0 AR B 7 7 L 490 301t e K T S AR
I TRER B

(AR ZRME T, FEFTS , 6 AURLRE 3 187 19
S 8RS I =R AN TSR SN LI R S g8
AT 35 i Ak B 5 SRR RN DI, 4 ARt (5 1
Wit e 2 ey PRy R, S BB DR 0 R AR ] R
FORAERR 3 Bk AR 35 1T A9 3t JE2 TR 2% AL i 2 ] A
R GT SE T HAE R 1~ 1) 2 Al i 2, RIVAELRE 54 1hT 1)
Tt 2 A A X 52 o 4 o 7 Y P 3 T 3

(4) FERE A O E N 528 A B 5 730 1 2
B bR BB R ) Z 1]
S B IE ARG (H I A T AR S AU I BEE S A

Aoy e T Ak BT AR [ 9 A 08 5 78 A [R] B 35 i 4
b1y s AT e LY TS R RO R NN RSP e
TR RANFFAXT I o

Sk :

(1] FBFE, SRR AT iU, 5. bRl B X 42 3t ™ v
SN R = NI TS [T ], Aol TR A7 4, 2007,
(10) : 19-24.

(2] IR, RA S, FHE . 3o 58 X 45 T i I 3 52 1l
AR SEL T ], K IR AR, 2015,(6) : 117-124.

(3] F&M,BRER, 3 B0, 55. AN T -5 38 X U 5¢
L DX SR S T A2 ol = D e [0 ] K AR R
#x, 2012,(6) ; 17-20.

(4] BEERGHEET, ERTE, 55, AN R 5k S RE T i
THIKSN IR PE D], ARSI 24, 2015, 24(4) .
638-642.

[5] BO, &, = F 4% R E 57K %
RO N R AL [T ). Ak TR A iz, 2014,
30(19): 123-131.

(6] BBk, 2 % shFMRE RS LI [T]. + 42
VEJE 1992, (6) : 38-42.

[7] JETTEN V, ROO A D, FAVIS-MORTLOCK D. Evalua-
tion of Field-scale and Catchment-scale Soil Erosion Mod-
els[J]. Catena, 1999, 37(3/4): 521-541.

[8] DARBOUX F, DAVY P, GASCUEL-ODOUX C,et al. E-
volution of Soil Surface Roughness and Flowpath Connec-
tivity in Overland Flow Experiments [ J ]. Catena,
46(2/3) :125-139.

[9] HUANG C,GASCUEL-ODOUX C,CROS-CAYOT S. Hill-
slope Topographic and Hydrologic Effects on Overland
Flow and Erosion [ J]. Catena, 2002, 46(2/3) . 177-188.

[10] GILLEY J E, FINKNER S C. Hydraulic Roughness Coef-
ficients as Affected by Random Roughness[ J]. Transac-
tions of the ASAE, 1991, 34(3): 897-903.



%14 FiER T W R E MO KR R 47

[11] GLASBEY C A, HORGAN G W, DARBYSHIRE J F. 637-642.

Image Analysis and Three-dimensional Modelling of Pores [20] COGO N P, MOLDENHAUER W C, FOSTER G R.
in Soil Aggregates| J]. European Journal of Soil Science, Effect of Crop Residue, Tillage-Induced Roughness, and
1991, 42(3) . 479-486. Runoff Velocity on Size Distribution of Eroded Soil Aggre-

[12] PLANCHON O, ESTEVES M, SILVERA N, et al.Micro- gates[ J |. Soil Science Society of America Journal, 1983,
relief Induced by Tillage: Measurement and Modeling of 47(5) : 1005-1008.

Surface Storage Capacity [ J]. Catena, 2002, 46 (2): [21] BERTUZZI P, RAUWS G, COURAULT D. Testing
141-157. Roughness Indices to Estimate Soil Roughness Changes

[13] MITCHELL J K, JONES JR B A. Micro-relief Surface Due to Simulated Rainfall[ J]. Soil & Tillage Research,
Depression Storage: Changes During Rainfall Events and 1990, 17(1) : 87-99.

Their Application to Rainfall-Runoff Models 1[J]. Jawra [22] KAMPHORST E C, JETTEN V, GUERIF J,et al. Pre-
Journal of the American Water Resources Association, dicting Depressional Storage from Soil Surface Roughness
1978, 14(4) . 777-802. [J]. Soil Science Society of America Journal, 2000,

[14] LINDEN D R, DOREN D M V. Parameters for Character- 64(5): 1749-1758.
izing Tillage-induced Soil Surface Roughnessl [J]. Soil [23] ENGMAN E T. Roughness Coefficients for Routing Sur-
Science Society of America Journal, 1986, 50 (6): face Runoff[ J]. Journal of Irrigation & Drainage Engi-
1560-1565. neering, 1986, 112(1) . 39-53.

[15] DARBOUX F C H. Does Soil Surface Roughness Increase [24] 7EZE. ArcGIS HIFE 5 RG2S B4 Hr S B8 2R [ M.
or Decrease Water and Particle Transfers? [ J]. Soil Sci- JtEt: Bl s, 2006.
ence Society of America Journal, 2005, 69(3) . 748-756. [25] 5k & HETEOHIERE 750700 8 L B 8 %8 [a)

[16] HELMING K, ROMKENS M J M, PRASAD S N. Surface WRTFELD]. FER . F R R, 2013,

Roughness Related Processes of Runoff and Soil Loss: A [26] JENSON K, DOMINGUE O. Extracting Topographic Struc-
Flume Study[ J]. Soil Science Society of America Jour- ture From Digital Elevation Data for Geographic System A-
nal, 1998, 62( 1) 243-250. nalysis[ J]. Sensing, 1988, 54(11) : 1593-1600.

(17] skiEwe, £ i, &k, 55 JT M-DEM 8+ A T4 [27] BRRAS, INHTHE, XM A, 45 33 00 4 ThT 240 94 4 okt 1)
R O I RHAEBF T (1], T 5 X BT 5 3R 5T, M — 5T O HOR [T]. s EK AR 45
2012,(9) : 149-153. BH4,2013,(3) : 1-5.

(18] RS, BBt NS T A I 5 ¥ B RS S T AZ g [28] & R %61 X FRMEMIZARIE XX %7
(RIRAEME L) ], PEAEAR e, 1998, (2) « 15-19. PRI D], HEZ DUl R, 2014,

(19] il sk, £ fd, % 3 LIRS R RO AL 1
WAIEXH 0 5. 4 32 2013, (4) i

ARAARAAARAARARAARAAARARAARAAARAARAAARAARRARAARARARAARAARAARAAAAAARAARAARAAARAAARARARARAARARAARAARAARRARAA

RKIMZERIIARERR " EEFTERMUETF" RS

AREIETE P b e O3B PRFIRE 2o DR BReARIR 253 B & 1 56 T iy 44 32 2016—2017 4F 43 [ 75 4F 14 (oL g
FARI AT AF A RETAIPE ) (P A [ 2018 16 5 30) , IR VTARL = e T i T 52 i Jol (2 [ S e 7
“REEFERMAETIRD . KR KR TIRA B AR IR L ORI R

2 FH AR AL RET (PR E%) PRRETE 3 il 3L P b g D BRI 2 PR BRI 5 T i, B RS = KR E
AR BL AR QMY RO 7 B i, 2 ARG 67, BN BEARTAGR AR X B (477 4 B A2 RE T, IR I il — At
TEUL R HCRERTIEL STRR R AL T 4R A4, SRl i R Se it WAL ST SR R AR AN L AL
i, 7552 B A RO AR RS I Iy s AR R 4 T 3o

JAARZER) 75 B 2010 4EPE A B0V B VTR BE TAE AR , ZER LI T VA B, = e 7K P2 Dl A 78 & 259 V1 L
VERIRAS T8 0 R , A K v IR R A LA O 8 D 1 5 PP AR S T B SRR S
Jole ERFTE LS E 5K B ARB R H | R E A AR H | R A A AR B A T L IR
IKFIRAT AL 2 £ L e S5 2 d R BHIR I H o 3R R ARIB3C 70 R, Hib SCLEL KRR 19 f (55—
YR 13 56)  BRAMIL A 6 I SEATHT R LA 5 10

(#88 TARF R )





