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Abstract: [ Objective ] This study aimed to investigate the relationship between the hydraulic characteristic parameters of rill
erosion and the changes in microtopography of the eroded, which is an important mechanism for investigating rill erosion.
[ Method ] In this study, the loess was selected as the research material, and four slopes gradients (5°, 10°, 15°, 20°) and four flow
rates (2, 4, 8, 16 L-min"") were set. The limited rills with a width of 0.1 m were used to simulate the rill erosion experiment,
combined with Structure-from-Motion (SfM) photogrammetry, the relationship between the hydraulic characteristic parameters of
rill erosion on slopes and microtopographic variation were analyzed. [ Result ] The results showed that under the experimental
conditions, the flow velocity ranged from 0.23 to 0.92 m *s~' and slope had a greater influence on flow velocity than the flow rate.
The ranges for the Reynolds number and Froude number were from 255 to 2358 and 1.89 to 5.90, respectively. These hydraulic
characteristic parameters increased with an increase in both slope and flow rate (P<0.05), while the resistance coefficient
exhibited the opposite trend. Surface roughness, relief amplitude, and surface incision depth varied within the ranges of 0.33 to
2.35 cm, 0.47 to 4.35 cm, and 0.53 to 2.53 cm, respectively. The surface roughness, relief amplitude, and surface incision depth
were positively correlated with flow velocity, Reynolds number, and Froude number, but negatively correlated with the resistance
coefficient. Additionally, surface roughness, relief amplitude, and surface incision depth increased in linear and power function
trends with increasing flow velocity and Reynolds number. [ Conclusion ] As the slope and flow rate increased, all hydraulic
characteristic parameters and microtopography factors of the eroded, except for the resistance coefficient, showed a significant
increasing trend, indicating that the microtopography was evolving towards conditions that favored erosion. The surface
roughness, relief amplitude, and surface incision depth showed a significant positive correlation with changes in flow velocity and
Reynolds number. Additionally, the responses of these three microtopographic factors to changes in flow velocity and Reynolds
number followed linear and power function relationships. When the flow was low, the variation in surface roughness was the
greatest. As the flow rate increased, both the surface relief and the surface incision depth gradually increased, indicating that the
downcutting effect of runoff during the erosion process was intense, leading to a continuous increase in rill erosion depth. Our
research results can provide a theoretical basis for the control of soil and water loss in loess slope cultivated land and the study of
regional ecological restoration.

Key words: Rill erosion; Hydraulic characteristics; Saturation; Surface roughness; Surface incision depth
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Wz
Flow rate Surface Relief Surface incision
slope/®

/(L-min") roughness/cm amplitude/cm depth/cm

5 2 0.13+0.03 0.10+0.01 0.27+0.03
4 0.13+0.02 0.12+0.01 0.23+0.03

8 0.17+0.02 0.13+0.00 0.26+0.02

16 0.16+0.01 0.134+0.01 0.27+0.01

10 2 0.10+0.00 0.09+0.01 0.20+0.00
4 0.10+0.00 0.1140.01 0.20+0.00

8 0.10+0.01 0.08+0.01 0.2140.01

16 0.15+0.02 0.12+0.02 0.25+0.03

15 2 0.15+0.02 0.114+0.02 0.27+0.05
4 0.14+0.00 0.14+0.01 0.30+0.00

8 0.18+0.03 0.13+0.00 0.28+0.02

16 0.15+0.01 0.10+0.00 0.30+0.00

20 2 0.13+0.03 0.12+0.01 0.23+0.03
4 0.16+0.00 0.12+0.02 0.26+0.01

8 0.13+0.03 0.11+0.01 0.30+0.01

16 0.15+0.02 0.10+0.01 0.28+0.02
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S . R R TR ALK ) 2 SR R 1 A
ek, I, ASCHE SIFED 3 MO R T S5 R
BN E R . I 3 BoR, MR RS
) b R B L b TR SRR M 3R D) SRR 5 R
(19 0C 2 AT DL 2 M sR B A b Al 3, B 5° B HbER
RS R0 A 0L D R R /T 0.60 41, HiAy
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Table 2 Characteristic values of micro-topographic factors after scouring under different hydraulic conditions
Tk R R IR BARHEIIEIRE i RIIHERE
WeRE o F A 2 HIE AR Relief
Flow rate/ Maximum relief Maximum surface Surface incision
Slope/° Surface roughness/cm amplitude/cm
(L-min™) amplitude /cm incision depth /cm depth/cm
5 2 0.334+0.06Bc 1.60+0.17 0.47+0.06Cc 1.03+£0.06 0.53+0.06Bc
4 0.90+0.00Bb 2.27+0.46 0.87+0.06Bb 2.57+0.31 0.774+0.06Cb
8 0.974+0.35Cab 2.97+1.67 1.00+0.20Cb 1.83+0.59 0.974+0.40Cb
16 1.334+0.15Ca 5.57+0.91 1.43+0.25Da 3.07+0.35 1.70+0.26Aa
10 2 0.73+0.06Ad 4.53+0.25 1.13£0.15Ac¢ 3.07+0.12 1.37+0.25Aa
4 1.83+0.15Ab 6.07+0.60 1.57+0.15Ac¢ 4.67+£0.25 1.60+0.20Aa
8 1.374+0.06Bc 6.20+£0.30 2.30+0.10Bb 4.30+0.56 1.70+0.10Ba
16 1.90+0.43Aa 9.05+2.04 3.05+0.68Ba 5.33+£2.24 1.83+0.79Aa
15 2 0.88+0.01Ac 3.73+0.44 1.15+0.19Ad 2.58+0.36 1.00+£0.29Ab
4 1.00+0.00Bbc 5.10+£0.36 1.60+0.00Ac 3.43+£0.64 1.30+0.10Bb
8 1.18+0.01BCb 5.83£0.59 2.00+0.24Bb 4.18+0.67 1.50+0.18Ba
16 1.5840.13Ba 7.90+0.44 2.55+0.26Ca 5.05+£0.33 1.584+0.10Aa
20 2 0.47+0.06Bd 2.53+0.49 0.80+0.00Bd 1.60+0.17 0.70+0.03Bd
4 1.07+0.12Bc 5.83£0.61 1.43+0.06Ac 4.13+0.32 1.53+0.06Ac
8 1.75+£0.06Ab 8.43+£0.12 3.00+£0.20Ab 6.00+0.40 2.53+0.15Ab
16 2.21+0.26Aa 12.33+1.19 4.24+0.37Aa 7.53£1.41 2.23+0.21Aa

T AR RS S RE 3RS 76 AR R U 8 R A [R) 35 B8 i) 22 5 .3 ( P<0.05), AN[R)/INE S RE SRS 76 AR [R) 35 BE TR A [ g o 1) 22 e Wl 3%
( P<0.05 ), Note: Different capital letters indicate the significance difference of different slopes at the same flow rate( P<0.05 ), and different

lowercase letters indicate the significance difference of different flow rates at the same flow rate ( P<0.05) .
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Fig. 6 Correlation between micro-topographic factors and hydraulic parameters
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RS 20 R YK T 092, H P<0.01. 3 M
TN 5 HEREAR F 2B ITARERECER , KL
BT A RE R KT 0.61, P<0.01,

x3 MHEETSRE. BEHNUEXER

Table 3 Fitting the relationship of microtopographic factors with
flow velocity and Reynolds number

BRI
Y5 % Slope/° Z%{ Parameters———— R? P
Function
5 RR. V RR=2.33V 0.59 <0.01
RR. Re  RR=0.02Re™*  0.73 <0.01
RA, V RA=2.49V 0.95 <0.01
RA, Re  RA=0.04Re™® 081 <0.01
SI, V SI=2.67V 0.92 <0.01
SI. Re SI=0.03R*  0.78 <0.01
10 RR., V RR=2.30V 0.51 <0.01
RR., Re  RR=0.10R™  0.61 <0.01
RA, V RA=4.13V 0.97 <0.01
RA. Re  RA=0.08Re™® 091 <0.01
SI, v SI=3.14V 0.93 <0.01
SI, Re SI=0.51Re"""  0.41 <0.01
15 RR, V RR=1.83V 0.99 <0.01
RR, Re  RR=0.15Re™°  0.89 <0.01
RA, V RA=3.00V 0.99 <0.01
RA. Re  RA=0.16Re™*  0.93 <0.01
SI, V SI=2.12V 0.97 <0.01
SI. Re SI=0.43R™"™  0.75 <0.01
20 RR., V RR=2.10V 0.95 <0.01
RR. Re  RR=0.01R"™ 091 <0.01
RA., V RA=3.69V 0.92 <0.01
RA, Re  RA=0.01R™  0.96 <0.01
SI, v SI=2.60V 0.95 <0.01
SI, Re SI=0.04Re*®  0.64 <0.01

TE: RRNHIFAIRERE, RA NHUIBEREE, SI4HRIIE]
WL, V R, Re A #4%(. Note: RR is surface roughness,
RA is relief amplitude, SI is surface incision depth, ¥ is flow

velocity, and Re is Reynolds number.

3.1 HEMREIIRIEME T EFE
WM Z B PR WE ., FHm AL N R

SZM . DI 2 R 3 BT, 39k 88 R A DB 4
= k1T A1 VA K O A R R (P<0.05 ). {H
Nearing %R A58 £ S IE6, RS
FHERECER . X EARIEIF R T AN, FTEEM
Jit PR 00 T B 3 B BN R, AT i e ik
HRZW &M (20~10°), KAEREMR, SR
P AR URG . AR, K3 FoRmE S
I BRI H 1 OC R AT F R eR BRI M 3, (R ERE 3
BE RN B R FE A m R 0.41 Fi1 0.37, 2 B I bl
AN B ARG R, HAS WA, XS
T AR B R, X — 45 SR 547 I 46 P 1 ok
o ] 3 00 A A T A YA I O A 5 4 R —
o MEFE N, KREA R EhEER K M
FESE IR, BRI SRR, KR E v
ST A SO, A R P AR K S RN
AT S 200 s 8 P4, Huang 25U ot 28 AL+
BRI, WRSE TR TRIYE R AR AR R R A
AR N GRS WA N0 AP @ S et |
ToF 2 TP 7 S o I R P B R T e, L X
T AR T . P, SHAF5EE Fln R = b
S, N R I B R SR R R 25 L,
YA 7K I O S A7 3 B RN gt e L [R]sme ,  if  RE R
TR A, L3k B X6t Sl % 5 e R B R T
IR, AFF5E 45 50 on i R B . s IR
T b 2 U0 0 R B 5 0 B UL A A R IE A S
(P<0.01), X—&55 S8BT X B LD 5 X
MY B - e, W ) AR 5 R R EOK e
FRITIK TR T S R 7 AR AL A I 52 25 S 20
UK TR EIG A, W, iR ae
1S 4yA R A 5 ZY, Rz Je Vb i BE ) to ko
SHO R B AR LR ZI BeAh, WeEER N, 1%
T A BTY) I, N MR iR, [
REEATR T YA RE A A M, IR 1 % 30 AT 5 4 B ) RS
S HU RGO IE A ARG KBTS g iR E] 150
BE, A0 R TYRRER, KRR AE KRR,
WA K 30 %o b v - 39 B R B WIVE ™Y, S 30t
FORURERE | HOIE AR AU EIIR B /N, S k2
IR 2 2000), KRS, RIE g, FoBr
S AAIEAS, R FMHIE N5 XK Bk
B 3982 R X 2 V) AR T S ) T b T 8 i e A
YER, T PR Bifi 25 33 B I o A 385 e ok, A
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3.2 R EFEZUIIK N ZFSEEFAER I L
IK TR E SR AR i 2 ke A= A8 Ak, AR L
R R ph B B e B8 AE . ARG R, Mk
FERE B . BT e (R 3 R b 2 V) ) IR B 5 0t ol S A S
FIEME (r=0.71, P<0.01), HFE 3 BaRBIEH
TR AR I 2 8] YOG FR AT LA S R B B AU
A, XRUIBEREIE K, R . MR R
R 2 DT R 1 S G e A 3T - AR Y
BB 1R R T KGR AL Ty, T K I
POEH R RN E R R, @GR R
o 22 AR E T I (AR AL, R R, =
TiUBE R, I M R Y R 2SR, T R
WAL, [RlEt, MbFHIRERE . MR AR B )
HRES TG BEREEFEEMHX (r=0.61,
P<0.01), WM 2 L'min "3 K% 4 L'min', 4034
IKIEA MR ML R P, e s FAH RS
b T RS AR 0 b 2 1) ) R R X S W 40 R 116%
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