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Micromorphological Changes of Rill Development under Simulated
Rainfall and Inflow on Steep Slopes

ABSTRACT

Interrill erosion dominates in forest areas, and the erosion rate in surface-disturbed areas is significantly increased by the
development and expansion of rill. In this study, soil erosion experiments using simulated rainfall and inflow were performed to
understand the development and the micromorphological changes of rill on steep slopes. The characteristic factors of the
micromorphology, such as the rill cross section, rill volume, rill density, rill order, and rill sharpness, were analyzed according to
steepness and location (upper or lower) of slope. The head-cut of the simultaneous incised rills by rainfall simulation moved rapidly
upslope, and the randomly developed rills expanded deeply and widely with their connection. The rill cross section evolved to
downslope gradually increased. The rill volume occupied about 78 % of the sediment volume, confirming that the contribution of
the sediment from the rill erosion is greater than that of the interrill erosion. Although the rate of increase in rill order slowed as the
slope increased, the total length and density of the rill generally increased. As the slope increased from 15° to 20°, the bed incision
of'rills became larger than the sidewall expansion, and the rill sharpness increased by 1.6 times. The runoff coefficient on the lower
slope decreased by 12.3 % than that on the upper slope. It was evaluated that the subsoil exposures and formation changes by the
rill expansion increased the infiltration rate. Although the sediment accompanying the rills generally increased with slope increase,
it was directly influenced by the hydraulic velocity of enhanced rill with the local convergence and expansion in the process of the
rill evolution.

Key words : Rill development, Micromorphology, Rill density, Rill sharpness
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R e e ai o R M B B R e R B = e L e e
skl vk 53] BRI F8A, P FARA, AHEIE)A] 59
B WA ek leFE AFEGRES ] Fokeh,
HIHHA WAsk= =214 S50 o8l EARs9Ile] Skt
AR e A7 X (interrill erosion)o] A[EfA2] HAS 2}A]
Sh= Wb, A3 2R ARGl o] et 2ol ofdk o
FeeAAl SR AFE 0] AFHE AR 5 57
ERIAE #Elehe SHET ofgl BEARE o)FE 5 Q)
% ST wiEeltk Al AEEE o3 AlEit
How Be WEHS 2 B 540 H3le AEge) Aol
TH(Nachtergaele et al., 2001; Nachtergaele et al., 2002; Poesen
et al,, 1999). AlFe] Wy} e 7ofsl= FH5-312)head cut),
=337 (sidewall expansion), 3-8 ll(bed incision)= &2+
A5 84S 7113 Q) |l Bingner et al, 2016). oJeleh
o2 A5 Zolsh WS A5 Feje] AT AFgER), Sl
A ol AFIFES Adehon) f-8ab Aelshs Qlrjolc
ARFe] AR S AT 3, 2lo), s, Fo] vlg 55 X3t
(Raff et al., 2004; Wang and Fang, 1998). A5 d(rill network)-
M5-e] A7l (incision), #7](divergence), $F{(confluence), 12
I AAIEE B3 B e, 1 gL B 24
w2} k=i Berger et al.,, 2010; Brunton and Bryan, 2000;
Mancilla et al., 2005). A5 2707} DA F-E50] S7Fsk
BEAlolgsgo] AR, 8k ejar A8k wiste] o)
Ale] Esj#)= AHo|tiLoch and Donnollan, 1983). A3}A
O 2 Al Fele ABRETe SR QI3 BEAMES 24
=1 $23F 9Jgk2 3tiGovindaraju and Kavvas, 1994).

FAAE AlFATel gk =9e] ATES AuEd, Huie]
BFEJFAE o) &gk A} BEAME 54 7H(Chen et
al., 2016; Qin et al.,, 2017; Shen et al., 2015; Yao et al.,
2008; Zhang et al., 2016)9} Egol|x] AFIEIAT AlFdas
olalslr] Y3t S37-5(Cerdan et al., 2002; Murphy and Flewin,
1993; Robichaud et al., 2010; Tian et al., 2020)2 &3 4=
21tk Qin et al.(2017) ZF¢Ro)HAL B3 A7 HYS
TLS (terrestrial laser scanning) 4| & A}&3le] & AHolA
Al ddat AlRe] APk SA¢l s -eklth Shen

T =

L
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et al.2015)2 7F974= 50 mm/hre} 100 mm/hrof|x] 43)e]
20l 79 RS Faste] AIFA/ (il inclination), A15E
(rill density), A5F714ZHdegree of rill dissection), 952
ZH(rill tortuosity complexity)e] AT FEfeH 2kE 2K
o, AN AR FeE 8] S1gk #4e] FH
S A|#dS A Zhang et al(2016)2 AlFe] WS
ATskal AFFEHE FEsshe WHolx] g (fractral
dimension)¥} #7]8&(bifurcation ratio) 52| Zg3t QIAES
212} 3199k Mancilla et al.(2005)s= 2. 2}dol #4158+ Horton
(1945)¢] o]&5 nhgo = apdel], 7127 ¥ B 3zt
el 53448 s ARkt w83 s dthe 2s
AAR AFEER 15 BRI WskE wekslr] 918 He
et al.2017)E 2$74=7} 90 mm/hre} 120 mm/hrd wj $3&
24 5 7] 4% siEle] Aol B nsisler,
AR BE fEet BAbs =l 438 9 7RItk 2
I3

TUelME tiE AR, TR, 87 5 PR At
o|Follon, T A/t Wik S tPde R §F Bz
7 sl ZeE AL e Kim et al., 2005; Kim et al.,
2008; Nam et al., 2015; Park et al., 2005; Park et al., 2012;
Park et al., 2013; Shin et al., 2008; Shin et al., 2013; Shin
et al., 2019; Shin et al., 2022). Park et al.(2005)-& 79|
wE cRARES] f§F B BEYRIA Wiz golslal, A
AFLIA] 35 wie BRI WeE 48T Shin et
al.(2008)2 thed ke HHURIQ] PR FAAL TR0 ApiiL A}
T¢I ZX(plo) &S AAJete] 2PYsjE ke 5 9 BRI
57300 thgh A5 FdeIcE sARIEF 2 QI RAbAS)
B Ak slow, B8 o) me B Adast
£ vjepslara) i AAHE Atste] BEGRY A9
T35k vl Qth(Park et al,, 2013). AP} A1gE 21282 5744
A AN Sl 0 et 13l olek 24 A
3 ool $EAS Qe ARE YTKKim et al, 2005). Hur
et al Q005 S5 AR S1EZS- g7)E o) 85t
of 79 T2 EARE FIE TIsk, dEmae Agslel
BEAMES AR P gk 99RE 21sislit 2 A
o Zh JrEe] AFp-ne] HFHIE o83t Ao F=
HdE E(sheet flow)2] A3 2Rg-0] MFIEAel nxe ket

I

KA

=2 e

bt



APEEF] ZA 4 (erodibility)el] thek H7-E X133k
et al., 2015; Shin et al., 2022). A= AlF7E 2] sk
HAUSE A7} EFRAE Bk J9E vt slov AlRe
2 )] gisk WiAYS dhe wIsE Aot B e
BAA ZelA O] A9} fdarel tE EGRIMETESE 579
sl AP nAREe] WMslEAds Telslal, EAMETS
HAE Frlstaat gk

2 AFE SR AlFe] a4 wetsl] Sfel
3| L 7R RS ARSI Fig. 1). S50 Bt
2 5m x 045 mE £ 2 7% Atk
B v IR BS wiEA)] $i3 2k vileeE
o] X3} F5 EF7Hole AREEN BEARE s $gh
fr=vto] M=o Utk gEe] TS 913l S5 ARk
220719 o] | Eo] Qltk oo =50 et
His)He] Atel] el AT, 7R9-] Sijet s AN 2dd
F TR =Z0] L= Ao} 75t R =2
I Egdo] A9 E55%e] =0l 4.24 molr} e
B0 B S5 FE HEE Tolew] o2 B
PO Z AL ZFg-ne)7]e] e A SE 60~140
mmhr =2 HF590 gt SIHE-E AT 5 Qv B
2] ArR= fS71E o1838ke] 0°0llx] Al 20°717] 248
9loJA] 15°~20°%1¢]¢] F74AKHudson, 1936) AJ&lo] 7 53}t

E50| Fells A ARERETE 2ol o =S I

O 2 o] Sli= PVCH sjo|=r} )=o) Qlrk 7h E5 Atie]
o] Zol|M FEE= HFEES 500 mso|H, WS F3) 2

fride 8¢ = Atk

i}

2.2 Al

BAAM AR GTE 9IS 2 H3e 258 A 2Ee
7FsSHAINE Al thigh 9] ] A3 ERel| vls) i
2k Holtk 53] Bkl ZoJ7} 5.5 m= A|ghE]7] ufie]
Aol ebd whdoll= SHAI7} vk webk ZdA(upper slope)
TS 0.0~5.0 mZ B §4 §le 209 Ae-Re] A8S
AAskAL, A PAlower slope)S 5.0~10.0 me] 770 2 AP
o] f94et A7t A BT A 202 AR ols
Bebslaral sigivk Roldh= ZF5AS 2000 ¥I% opde] =3k
79 270 2 105.3~138.6 mmv/hr o[tk sAFAS] 493k
= AHs7] $18) gelXl(rational method)ys ARE-8ISAH: =7
T B A7 FUS AEES o83t Wz AES TP
Shin et al.(2022)¢] 2=x]¢] 0.8& AFEFAL, 9T B 213
o] Tt 7R 9191 120 mmhrg o] &3] FHS
3 A3} 170 ml/so]tiTable 1).

AJF2] 23S sl Bk 20004 49 SfIQt AkEo] WAy
LT FFSA AR AXI§F Q12 AR A AF sk
Bkl E48 Felelr] $18t AVt A AlES sk
o} Al AR EQke] B9l 1.146 mmeo]al, HegEke
76.6 %E 2}A|81= A}E(sandy soil)ol] sjEE ) ] A3
% EqR] ATkSEE vlofelr] Sisf Wikl AehrEhs Helsisick
o] AgolA] ALg-E EHQl(torvane)2 AHIEE kst wh=
Al 248 4= 9= AlolH, F 370e] EnxeleZ FAdE o]tk
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Fig. 1. Schematic Diagram of Rainfall and Inflow Simulators for Rill Erosion Experiment
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Table 1. Range of Main Parameters for the Rill Erosion Experiment

Parameter Range
Rainfall intensity (mm/hr) 120411
Inflow (ml/sec) 0,170
Length of plot (m) 5.5
Width of plot (m) 1.2
Slope (°) 15,20
Clay (%) 1.1+0.7
Silt (%) 5.6£1.5
Sand (%) 76.6%+1.6
Gravel (%) 16.7£2.4
Mean diameter (mm) 1.146+0.102
Shear stress (kg/cm?) 0.300+0.027

o] Fofl Z WIS ARl FR0| A, T, R Lol
2 Zgslo] Fgke ARS8k BAAE 02 kglem’
) Yo 2 A dat 0.258~0.339 kg/em®
WS RYcKTable 1).
B Aol FAAE 21190 AL 15°9) 20°004] {515 frrell
wE 5 43]9] ARE ATkl ds)e] Az 3] 5
SAEE do] F 243]9] ARE FASIIE 7F BEFIAle] spek
AERET F= SV BN AL BN 12 HESIS]
ok 2 A 7 Bzl MAde-E oF 1084 = 80 mm/hr
offe] AR ARl Edo] $kds] Zspde) Hes ik
whof Eke] tRIEr} k] St Au ARe] Sl A
ESS Al AEwE a=A] vea, 9] S viesic) At
G OFF 6ARE A3} A EsfEYR] E5-5 Adslke AR
ZHgI) Bopeo] edeg uiolely| S8 Ede R FRehe
5 Adel] S8k HiES E5 9l WAL, &5 A ¢ke g
50107 HE AP St ABSFO 2wk of, e
et o] Hulg SAEIE BRI Adde] vk IS
715317 1o 7HjetE ol8ste] T ds FFdt & 23
ARE ofF- 53 A0 & 7F E50] St el ARE Fste,
AEFEY] 3550H 58 ookt &8st J3FE &
BEAlE 3lslke 12 & Yo fEre] Hu) Elal B
5] 9 A2FAIE SASE Al 2 AR F2e) ofs) wet
AZ BARE 105 °C 280 HAxAA BEAMGES AFsIsich
Aol WA S8s apetslr] Slsf AlFe] o), Zlo], vRlE

10 em Ho = A7) e, o)g BAlsier

il
9,
ofo
Oft
f
(o}
B
L
X

2.3 MiFe| Ho|
AFRIE F3 B 2 422 e} w2w AR
F2 P ARYE 97t BB FFA|2 AF
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FAAA Wk Aol vlAAE Wt

stal ZaPdelo] Ees HW, WYEEe] HEHo ¢=s)
(channelization)E 21843 ] ZI3Kevolution)dh= Zlo|ti(Meyer
et al., 1975; Moss et al., 1982). AlF+= EoF] HlE](detachment)
s} of(transport) *F- 71 7Vl oJa) 1shElm, HEE gl
ARFE E8l 320 AlFe] S8 JalEa, Alg 55 AP
1 FAE SN AF7E B AeA Ao H 37
% AT S99 & e R 18 dAE = dtiBoon
and Savat, 1981). o|&gt Aik= AlF7t 47 ARk &
EFI BAMERS ST TRRE 9klo] ok RAe
WY Rl wAUSZ s AlFLHA, AR, =R
(gully erosion), 3Fx32)(stream erosion) A2 WHI3iCh
(Merritt et al,, 2003; Sun et al., 2013). R34 EAL AFIE
Aok ge) AEEge] F43k A 8lo|nWitz et al., 2012)
AR AR Ao 2o Hahe BT} Aol mjS-
%938k W3lE Ao 7It)Brunton and Bryan, 2000).

24 MiRe| x[dd £
241 Migel £HH 2 F

A7) wre A sk A5 slsha] F03 QA
A ARe) Bt wege) Awg kshe) ALgark e
AR Fgo] ARt B wek AR S Bt Hab
wlsb] wjel] S ok Qin et al(2017)9] 3%
Z3mlol] 13 AFe) MEAD e 8 A S ther
7ol whezyl, AlRe] AK7h Sl weh Usk 9] izl
F7RHS Bk o) 5] i Zlslerd 14 At 2
wwle] oF 0523 WIS Bk WUe AR SHPERel 94

o g 247 YoAe olgslo] AT,

n (A4, +4,4,)
V=25 x01 M
i=1
A7IH Vi Al WE N AFm’) 4,E AR e
A YA, 4,2 SFPEE 0.1 m 2K ol i+ 194
P (m?)o] e

242 ME2T
A A AR ) ek A, Zlelad



o] 2zEEFo] AlFel oJal Guprt virel=A] setshEt] AR
thBewket and Sterk, 2003). A|FUEE AAPH] AXAES
Hhegsh] A=rl 28548 HXE Vo7t I, E7180] 25
LERATKShen et al., 2015). ARFES(p)= AT FEIE A2k
o= ofsfsh=tl A¥stH, thy Eq. (2)9F 2ol ARlgith

p:iﬂi/x‘l 2
i=1

S e AL, L AFR1EY % Lolm), A
Eopgt ), i AT WSS gtk ARRIe sh
geje] 2} 2742 Horton(1945)2] WS 179 Stahler(1952)
o AR Aol mhet TR

243 MiRol=

Ae BA5AY 55 A=t EqtR o 2eks R
T e QAR N e Bl ARRe] Wl S AEfRE
% AL B wt gl 2 drelde AlF 29
PR dfefeb] ffell Aol Feeha Amea] Aol il
sharpness)& ef@itt: 7t Ape] 2718 Al ol=s s
918l B Eq. QA" Al el Za lole] SAgks AR8sie]
BH=E gt

Sp=—"" ©)

() Rainfall+Inflow Simulation at Lower Slopes of 15°

oI Spi= ARAEE 3, D ARe] Lolem), B
AR Eem)olH, ne AFTRL 24 A5E ofrg

3.0 2 NE

3.1 Migret

SRS IR 125 ] mE Al 9
o] AlFHEE Fig. 29} 2tk 419] Aglo] W we] J= ol
ofsl P olmlAZE A} thi o1k QlotA] 24zt ofmlxe]
ARE i o st e ofdich 2] FHslel 35
W7k BAE C BRo) TR B Ha) AR Rk
AT 02 Zik Y57 e AP 2ol 9ol a3
27l Mgl Ehde] oJak Eoke] wlelel ¥4 (splash)e]
g WS E(sheet flow)el o3k AFLEe] Alolch
A 7 oF 38 o) ARAZo] sk B F5pel
AP} clFolgon], 4 oPge] ARL BAIRRA  we
sholck ANE AR e SR FHAAE Aol 4R
SIESISAT, 7} ARE 102 olF] TSI wee AFSo]
EsEA 23 W Stk Figs. 2a) and 2b). F457H
Sl S Zdoi Al 302 ofulel Al3IAe] Hetel
7] ARl fdael e AlRe AduR e
AR, 799k F 957t A SRR AR 7
S o) TPk A} o] A MRS el 4T
< WSk e Suw ] olojdzkon], £94 g
zAnTh v Wi Ze Jele] AR RS 5Tk Figs.

(d) Rainfall+Inflow Simulation on Lower Slopes of 20°

Fig. 2. Rills Formed by Rainfall and Inflow Simulation on Upper and Lower Slopes of 15° and 20°
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mo] 9ok feldol ofs) 374

2(c) and 2(d)). Acto] Z3etel] whet Aflre] e FESAA,
B35 AT ol [t 52 Zgo] whEH o= o Rojxltk
Fig. 2= 919] #4& B3 HFHow dojxl Al Fujet
B Zoltk AP F8 2004 el wEdk A= At
15°0|x19] AlFR} g ez Aol A gol= BES
HYFig. 2).

32 M= OMIXIe EM
3.2.1 MiFe| £HH tHg}
AFe] SAke folare] H 2 wet Abkdo g & xjols
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Ao G} o] W Agov] Wby WIwE Zlsik Aqe]
0.1 me] ©91ge] F E3} Zo]§ 23 Aok, Y5} e
sgApEe] E24 0.13 me] Gol7b shgon, 20°734ke) L
B 5 B} 83 Ehl B Bl o) A} 023 b
P Ik Ae] T Zo= 009 m, H %& 006 melar
Hofzok= 3540 mel 202 Ak A FU F9me]
Aol oJ8 B Aol ARe] Bt 3 ol 2zt
0.06 me} 0.03 mo|Fr(Park et al., 2013). & A&} )3
£ 5 AR SRR olglork 9t} 80 mmhr
AejEe = 9] Wl ol Alfe] o] ) Hieke AL
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Fig. 3. Variation of Cross Section Areas of Rills Developed from Upper Slope to Lower Slope
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FeAQl Aotk Fd7t TaEe s 2211 15°9] ZAtelA]
Al Hoizlol= 0.18~0.21 m 391310, 20°9] BAtelxl= i
Zo)7} 020 m¥E| 0.25 m7kA] ZA sl AlF<] Zole}
2 AFEe] FRshe S AR A WAEY see
RN HAghS B

Qin et al.(2017)2] AR & WAHE 0.523& 0|83}
AlFe] ThaAS ARl E5 W 59 ke YRk ARs
o] FehaA S It ot she 20 AP F95
U 719 FPPHS EEe], 10 m fEe] ZAPHA HHlsk=
Aol ©A Wsks slelsiarat Fig 33 ko] vehiich E5
o] Bl EFIRte] Ak Al JEks nXER AgApH
ShAPES] SR 0.5 ms ALEskA] Pt Z3e] 2FH A3k
oJel] Apast sipHo] mREE 5 m Aol AlFriee] Beddke
o), sHERe g Ayt wddhel wel HapEo s
bz e Z7skgick

AT Al S5 HERE AE 1.5 m~1.7 m AR elA
Axs 5o FFEHHEA AlF7E wesieict Brunton and Bryan
(2000):= 7] FHAAE AL 571l ek R o) E’ith
= 2 ERIGIE BAF 71l W ALl A E]e] tigh Yao
et al.(2008)2] ¢l W, B e} fARRE s} 15~
20°73AFHAA AT A7l 2~3 m MR o] ApolE
Btk o= £ 3] B} te BEAS 2 MAREYES
AREBIL7] W] Ao 2 JhekETt A 24 m )M Al
S50 sk wet Alre] T3, S8 Al 3 B, sk
7H 5ol ofsl AlFe] T I AlFe] ThEshs f95
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Table 2. Rill Order, Rill Length, and Rill Density for Plots on Upper and Lower Slopes of 15° and 20°

| ) Rill order Rill length Rill i
Slope :iegree Location of plot Plot name enet dinsny

®) 1st 2nd 3rd (m) (m™)
L 7 4 8.1 1.23

Upper slope
(Inflow %) C 5 2 11.5 1.74
5 R 7 4 10.1 1.53
L 6 2 12.2 1.85

Lower slope
(Inflow O) C 5 2 10.6 1.61
R 6 2 2 10.9 1.65
L 5 14.5 2.20

Upper slope
(Inflow %) C 5 2 134 2.03
R 6 1 11.9 1.80

20

L 5 2 11.9 1.80

Lower slope

2 2 17. 2.

(Inflow O) ¢ 6 77 o8
R 6 3 14.9 2.26
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