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Abstract

Interrill erosion on a hillslope results from the combined action of the detachment of soil particles by raindrop impact and the sediment
transport of surface runoff. This study newly defined the rainfall power which detaches soil particles and the sheet-flow power
contributed to sediment transport in terms of energy expenditure rate of soil erosion and presented the effective power equation for
interrill erosion by rainfall-induced sheet flow. The rainfall and sheet-flow power was evaluated by factors related with rainfall, slope,
and runoff and coefficients of the power equation were analyzed based on references. Futhermore it was confirmed that the relative
scales between the rainfall power and the sheet-flow power according to rainfall intensity reflect on the hydrological response and
physical process of interrill erosion. From application of the field data for surface runoff and soil erosion it was verified that the rainfall
and sheet-flow power is an appropriate equation to estimate a interrill erosion.
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Table 1. Characteristics for model equations to estimate interrill erosion

Forms References Model equations

Main parameters

Rainfall intensity Liebenow e al. (1990) | D, = K, I"'S

(1) | Soil erodibility, Rainfall intensity, Slope steepness

equations Elliot et al. (1996) | D, =K, I*SL

(2) | Soil erodibility, Rainfall intensity, Slope steepness, Slope length

Kinnell (1991, 1993) | D, =K, I q f(S5)

(3) | Soil erodibility, Rainfall intensity, Runoff rate, Slope steepness

Rainfall intensity and

i Zhang et al. (1998) | D, =K 1 ¢/*5**
runoff rate equations '

(4) | Soil erodibility, Rainfall intensity, Runoff rate, Slope steepness

Wei et al. (2009) | D, = K, 1'% %%

(5) | Soil erodibility, Rainfall intensity, Runoff rate

Morgan (1978) D, = K, E0" E(p).:s:;

(6) | Soil erodibility, Rainfall kinetic energy, Runoff potential energy

Rainfall energy and K
runoff energy or Torri et al. (1987) D, =—FEe¢ "  (7) | Soil erodibility, Rainfall kinetic energy, Runoff depth
depth equations Ps

Shineral. (2017) | D, =K, (B, +E,)"

(8) | Soil erodibility, Rainfall kinetic energy, Runoff potential energy
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Fig. 1. Schematic of erosion by rainfall power on steep hillslope

o 2
> &
- 7
g @
o}
b S
o
é [y
x 3
P
ol
ol
ol XN,
ol
%8
-
oA
o &
2
i
o
rir _%.
i
0% &
oo 1>
N
N
N

==

(I e o)

A o 2 t] Wk Mati, 1994). 0] &gt Auf= Abgo
TE EYUAE B & e A AE Y
Z7F517] Wl o] th(Torri and Poesen, 1992). &
TRl A LR 2720 - AR A AR
71 gotaS ul, 7522 Fig. 17} 2ol 7394
F B0 T FA AP TS E A
7FsStet.

wtEtA] ZgArA o] Al Rk Aol et
23S = AR olA BAPE S 8870 AT AIet
AP SEEL O YA o R AFYRtt

=

ol ol

Soox Mo
B> L Ho o 2 nl i

o S

e

Rl

T
—

filo

u

ih)
ol ol o)
e

HL
el

Khs

5
o lo

P p(t)=Fy(t)sinf « v, (t)sind (10)

A7NA, Fpim 20 & FAN/m)O) L, o = W22
T

=

EET (m/s) 0™, 9= APHZA}(%)o] et

He0] & Sl HlZ o] |5t 9 pe) Fo @ 4t
B % e,
_RG@) _ )

O171H, 7, 1= 750 BIEH )OI 2739 FH(mm)e]
H, =77 (mm/hr), di= T2]A1Hhr) ot
Atlas and Ulbrich (1977) A4} 5= 744 71<] 3

o FEEEE U789 o= A sk,
v, =17.67D*? (12)

A7IA, D 790 FL A (mm)o] T, FRL = 79)

7821 2/3 5ol vl



S. S. Shin and S. D. Park / Journal of Korea Water Resources Association 51(8) 665-676 669

2
Q2
el

Be)2 o] o) REG LA Aol H 3
QJ7o] FUstehe 714 stol ez e 1]
7 DSV A A8 (D) ol o

Ao thgat o 7ha] 2 4 9lek.

o o ml
T

A o

[e)
> 7(;- '—|—7O]-

H1

Auk] HolE AAH Shin er al. (2016)2] BIAIZF 7
S--FolU A A AA Y A JAte] TS = AT
©]2/9 ol vlglotal 7522 72973 L 0] 11/9 ol Hl=
St T 978 7390l ot & A -0 FAl o
2 3ol i Sdsted

Sk
1>
tlo
=
S
)
i
oS,
o
1>
=2
Jo
i
St
o
e
(e}

P, ,(t) =a I(t)"9sin%0 dt (14)

A7, a=/dFolH, e 82 At A7 & 719

o o

2HA ZgAt o A A S B2 Ak o] whet 7St
2] ¥ o ZFegat JE-gof ool v RERE AT
o WS Bl et Bl-20] d2 obd SEHTH=T &
S Emmett, 1970). L2 B2 thF2o] WS 52 5l
20 SET BRI A whizo] A HREES Bl
oh AR A A A B[22 73 A sl Red B
FUAE o|FA = TS FEUTE BEF T2
SHAREERE A 2ol 7]ofshs el 2 EolluA]
HolEol 1, Fig. 2219 AAPYF o] A EfrE FA%t

42 WA Al 2ot

Py(t) = Fy(t)sinf « v (t) (15)

F,(1)sm@-v (1)

- Q)

7, Q)

Fig. 2. Schematic of erosion by sheet-flow power on steep hillslope
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Table 2. Range of parameters used to evaluate the rainfall and
sheet-flow power

Parameters Symbols Range of parameters
Rainfall intensity (mm/hr) I 1~120
Slope (°) S 20, 25
Runoff coefficient C 0.2,0.3,0.4,0.5
Coefticient « ! 10
Coefficient 8 164 10,5, 3
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Table 3. Correlation analysis between soil erosion and erosivity factor (rainfall index of RUSLE), interrill-erosion equations (Elliot et a/,, 1996;
Zang et al, 1998; Wei et a/,, 2009), and rainfall-sheet power for three plots

. ) ) Soil erosion (g/m?)
Interrill erosion equations
Plot-1 Plot-3 Ave.
Rainfall index 0.723%* 0.619%** 0.677** 0.673**
Elliot Eq. (2) 0.686** 0.563** 0.665** 0.638**
Zhang Eq. (4) 0.794%* 0.720%** 0.759** 0.757**
Wei Eq. (5) 0.785%* 0.711%** 0.757** 0.751**
Power Eq. (25) 0.886%* 0.772%* 0.868** 0.842%*

**: High significance level (p <0.001)
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