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Fig.1 Initial ephemeral gully morphology

b B L v S A I 7 4 o R A 2T (D
I5=1.52 mm/min, 5 min BN 7.6 mm) , WIFFERN
5% R 50 K1 100 mmv/h o JE T3 b R A i) R
BIGER I IAI T GRVAR MR B E 18°~35°1f13k
ML, Py 230) WU JRakA 1505 A K ZE
I FL 5 (ORI &5 SR8, ATt T 159, 20080 25°
36 3 ABES Y BT, BEGRE DI 70 mine Sy T A
FPANSERRAE L VAT RS R B LR (AR kst S,
FR A Y AR s Bl ol B 1 B K AR S =i R 45G wevt
IR RSN 10 Limine SR ACFEE R 2 K, AT ik
B E R BP9 IV bR 2 (SD)

1.3 RETE

R RE B A S A IR, ARG 4 R
LGRS AL R . SE I, o A TS
HRIIHEAK L, AE AR 10 em 40V0,  DURAIE K 4FI
B, RIGAWE LEZEA, FHHIH 40 cm AIIE4L
T AR 40 em MRS IFHERAURSE, b
JEVRFE N 20 cm, ATA 1.06~1.10 g/em®, AL JZIRE
H 20 ecm, AEN 1.25 glem®s RS ERE L,
VR LYRIE A 5 em, DUFAIEREG R A k. 4
Wy —Z2)a, AN L ERIR, FHEE N 2L
B, DMRIE 2 AL 2R AR Ar Bzl . b Tk NI K
IR, S IR 06 A ) DY i R R S, R R
BeMHE T8, ARG AR T SO0 LRSI TR r AL
I TR EE R TS 2~8 m (&2 TR 2, HIVE%
AT .

T AR E IR 50 T S K R Sk, A
30 mmv/h [ Y 8 B REAT TIURA WY AR 3 T U AR R E 12 h
JETFAAIE A BN o QR TFRA T, T B4 R 5 ALK
TR AT T, 2 S R R 5 R KRS H AR
S FE R K ZE (BN T 5% 7 TR AT 15 2K e w9 A
JAR 5 o

R R TRr o) A E P X (ST R (NS RS A
FEE R AG 2] T T N A Rk, R PR
SEUIG, SR IR B2 S T v S AV TEAS . AN
FASKR I INEMAR T 1.6 m, /1 53 HRIEMg R, IER
WIEE A 3 emo BRI HAESE 2 m, 458 BT 1 m
TEII T, AT R S A BT 5) 1 mo 58 3



126 RNk TFEZ (http://www.tcsae.org)

2017 4F

M. W5 — AW s ARG, K BRi 3 K
Ji 5N 10 em WL AW R SRR - X AE, K 8 m.
B2 m RS LA L4 i 80 AN, AEBESRE T
FRERE 3 em BEHCANEUIE, L 67 A, —UARE
FLIE 8 mx2 m iR T AE 5 360 AN =4EAAbR L, I
o SN Surfer B4, A4 DEM.
1.4 RAWSIER

VHIEEE (p) JEFR AL FT X I A BT A VA 1R A
B, BENS S WS TH ORI RE R, BN

p=S114 (D
i=1

P L e i ARV TE R RS RIE, my A RS
IR, m®

HuFIREE (D) 247 BT T I N I A VR TE 1) T
AR Z AN, e, Bes B 4t S i
(RIRB YRR JEE S A e iR g TH AR h

D=3 414 )
i=1

A, 5§ AIIE R TR, m'.

R E (o) JEfRiRVAVERE &I XM B K S
X P AT R BE R LUAEL, BB A% S it 1) Ve VA A AT K
M AVA K L i 4 s B, TR R

c=L,/L, (3)

K L ARV S Hoor RS, ms L, AIRIAE
R A AR, m.

TRVAVERE IR (Ryp) A& FR VR VA VA R 58 5 55 0 N
FEILUAE, % SHOE L ENSE, W] LRV Y
R, TR

Rm:iW}iﬁ% (4
= =]

A W A IR SR R BV SE R, ms DR
A I ATA (PR VA VA RS VR TE , mo
1.5 ARSHITE

B FE s 3N Surfer 74, 2B/ DEM, JEA
FHAR RS W K ¢ R BEAT 7 10 8005, 38745 DEM % M 7E 7K
P X RhE T 1) R R b AR R SR 3
DS EASIE

—Br2H: T DEM A IR TV KT 7 ) 3% L
ST SR AR T W LI AL R A . AR
SNER ol N PR v G .l [ P S P 7 4 A e A S R X [
e RETR R AR, W R T S T A T e AR A
A TSR () JE ZU R R

%_ = cos(a) | % % ' cos(@)
ds_g sin(er) B dxydy sin()
ar

= E -cos(a) + % -sin(@)

(5

A g ks Wi B R AR s o SR E T 170 0 S LA
ASCHE X HOETT1, W a=0; x, y 535 A KPR
H7 ) B

i H: T DEM A% R K75 1 R3O
AR, BRI S 5. 2 i 8T o
BT 2B BRI Y ST RT LA 75 A 7K 05[] B3 AR AR A (1
L. AR DRERIRS M L, AP R R
HUEMOR, BEUIRE AL TR EATAL, B ankia A
LIPS S VA

dzf d[ji:| d|:j£~cos(a)+:l1];~sin(a)}

ds? ds ds

2 . 2
- zxf -cos (@) +2 jx;; -cos(a) - sin(a) (6)

2

2

+ d -sin’ (a)

2

Jrm A Ko VHECAT KT ) R T R D) 2 i £
MARAEE . J7 ) il 22N T — AR Ax ) e —T7
U AR AR A LR, . S IRE
B LA, JEA AR BE /s KT 7 1) bR T & e T
AR
d’f

2
Ky - 7

{1 + (dsz}
ds
R T LA AN [R50 Ak (1) 4 6 T AR A AR ok 2 ]
GYATT, 0BRSS DEM # M BEAT 7 1) S EOH AR ]
e B, B B AR SR, IFRIEE T A
) 3 SR KT ) L ) 1 e T 8 v T 1) 3 H M
Xof EE 73 AP AN [R50 A 1 5T 452 et F) = ) A

2 HR5HH

2.1 A[EIPETRESEE FA E & E T RamAX

R A 00 T B 2 15 2] 1 T S T 3 T 2 1) = o A bR B
Wi, AE Surfer BAFH 43 BITHINE T #5500 Ad 2 1 5 1155 =
LRI KRR B B R S B A 3D il I (] 2)

FERE M SR A S0 mm/h 4 F T, S8R 1508 (&
2a) , IR o R R AR RIS, 225t 70 min,
VSRR TG BR,  VRIAVE Sk BRI BB AL B, (R
AR T WS AN A R UIVA Sk, VA AN (1 B TR
AR AR KRS B, R T R AN a2
MR 2000 (] 2b) 5 ¥RIAVE Sk COIVEAR o 42 34 TR,
B, VRVAITAIRE T R RVR R WA N, VA VA AR 1 0 ) 4
WRME B, VARSI B8 E B, SR T [
SE KIS 43 BER NS 2500 (& 2¢) , JRVAVAHE
PR AR VA 3E— 20 I SE RN, FRVATE R VR I A
AT E CHIE A(18.8+0.6) cm) , b #4» v Vg Vg kv
FEogBidA)RE GRE>20 cm) « XFEE 3 MR R
TRITEA TN, LEAH [ B R 5 S R0 B DI 46 PF 5 Bl
FHYEEMIIE R, RV VAR VA SR AR VA BE A 35 A
VAT DI A R 3G 0, [V ] & 7 v s 9 00 3 T f 4
WREWEMEE, .

0w



5 11 3 TRBASEAE: T HRANIRBERT B BRI T AR 5 M (1 5 BRI 5T 127
G ot o

a. F9i: 50 mm-h', . 15°
a Rainfall intencitv: S0 mm-h-! clane: 15°

»Y

d. F5: 100 mmeh?, B 15°
d. Rainfall intensity: 100 mm-h!, slope: 15°

b. Fi#%: 50 mm-h', L. 20°

Rainfall intencitv: S0 mm-h-l clane: 20° e Rainfall intencity: S0 mm-h-! clane: 25°

e. W4f: 100 mmh!, . 20°
e. Rainfall intensity: 100 mm-h-!, slope: 20°

c. My5: 50 mm-h?, B 25°

v ns 6\%\«"’
o™
£ 100 mm-h!, . 25°
f. Rainfall intensity: 100 mm-h-!, slope: 25°

o

B2 BRIl 3R T E AR AR AT &
Fig.2 Flow path and ephemeral gully morphology in different treatments
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B3 EmiRA 100 mmvh A3 R 25044 T 6 R AR iRit A2
Fig.3 Ephemeral gully erosion processes under condition
of 100 mm/hand 25°

Xf HE AR AL B K S B T A (B 2D, AR
TR AT IR TRINT 3 ) R 9 00 358 T (1 40 92 52 et 17
0B ISRV 5 (KR M o AEAH [ 1 B RS Bl 3
AR, TR 1 W 52 40 1) 32 4 T J3 34 82 A0 9 S 1
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2.2 AREIFEMEEFRE TR SSFESH

e THT VR V) T AR AIE 23 2500T DA A e W3 T - 39842 1k
J7 AR R L ()50 55 . SE TR 50 AL EE 1) DEM 47,
FIHZC (1) ~ (@) TFHT SR A B R iRV TR S RFIE
SR GR D, w4l T B S R 0 VR VA TE AR AR 2
e . AR, B R R R R () 3G Bk T
TRV R o B, 25901 100 mmv/h 454 T VR VA1)
B S RIVAR 43 8¢ 1590 50 mmv/h 5528 T (19134 55 B AR
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Table 1 Ephemeral gully morphological indicators under different rainfall intensities and slope gradients

o N S VATY S S V] Vg A S A v . et e . B S VATY vt
. . . verage width of Average depth of . . Breadth depth ratio of
Rainfall intensity/ Slope Channel density Surface dissected Ephemeral gully
1 . o ephemeral gully ephemeral gully 2 . ephemeral gully
(mm-h™) gradient/(°) p/(m'm™) degree D complexity ¢
groove/cm groove /cm groove Ryp
15 14.6+0.3a 17.4+1.4a 0.74+0.08a 0.13£0.01a 1.64+0.15a 0.82+0.05ab
50 20 14.1+0.7a 17.9+1.1a 1.20+0.12¢ 0.20+0.02b 2.41+0.25bc 0.76+0.08ab
25 18.0+0.5b 18.8+0.6a 1.34+0.09cd 0.23+0.01¢ 2.64+0.19cd 1.03+0.17bc
15 16.6+1.1ab 17.1+1.3a 0.97+0.04b 0.18+0.01b 2.07+0.07b 0.94+0.15b
100 20 16.9+0.8ab 24.2+2.8b 1.41+0.15d 0.25+0.00¢c 2.78+0.28cd 0.65+0.22a
25 35.0+2.4¢ 28.0+1.6¢ 1.48+0.11d 0.29+0.02d 2.84+0.23d 1.27+0.16¢

e F—F P R R BERRTE 0.05 K7 EESH R,

Note: Different letters in the same column represent significant difference at 0.05 level.

50 mm/h BT HREE N, 2503 I (1) VA VA R ST 34) 5%
5 15°H 200 AN LUAT 5 22 5, O 1SoH I v VA v A
SEYBERER 1.23 £ 10 B ERE Y 100 mm/h B, 15°
T P VA YA R S 34 58 RSP 2 - S0mm/h F iR
(135 55 FE RPP IR B Y T B35 22 5, 200 T (V) vk VA VA
RSP S B ) BB BN T 35.2%,  25C Wi I IR ¥R VA VA KT
4155 P AR B 15 50 mm/h JT SRR FRSF48) 56 8 R F 1y
RV B 22, 303N T 94.4%81 57.3%. X
B A AR i B4 N9 R B U 1 T 2% A 33 T VR VA VA R R 7
JEE RS R, Xt 3 B A B M AR ™ R R
BN,

W45 o2 N 0 R P TR MK, VI R T L BT R
JERVRIE S A6 R 38 I a3, =5 0 AR T 0.74~
1.48 m/m’. 0.13~0.29 Fl 1.64~2.84 2], V41t %5 i Flh
T 24 FE AN iRV VA RS IR T A BT o, -t 55 355 T v )

VA TEAS KAV W & 15 DA PO, i e % 32 2
S FHYC N VRVA VA R A8 Bt S JE A YE 50 mm/h B
SRIER, BRI, BARRVA T RE 1)1 34 T A
SPRJIR AR AAN K, AE I T 0 40 v X R A W
ENMANSS - N - 1N SRS i NP S D AP E RN
b T 1) 2R 85 R VA B A FE R AN BT I Ko T 100 mm/h [ Y
SRIER, BREER 15°8G nE] 2000, AT, MY
FERIVRVA S A BE A B2 O, T 445 B AN 20084 n 21 25°
B, =& AR AR /N, U B AE I A 20035
M ANE DR E 56, W I3 i ana 4
FRAIE R AR W AR

TRVE VAR 98 R L nT DL WOV VA RS TR 1Ak . A
[F) P T S S RN P, MRVAVARE SR LR 0.65~1.27, I
Wi B2 I 5 5 R I P PR B I K, X RS IRV R
CE BB SR A O (E13) o 7R 100 mm/h [
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et b, 7 58 VR LU B A [ AR Bl R AT S B W AR e
FE 1 ZEA0PY, T AN (] PR o R T R 4 A A R T 7
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Abstract: Ephemeral gully is formed in the cycle of concentrated flow and tillage practices, and contributed a lot to the
sediment yield on the loessial hillslope as well as in the watershed. Ephemera gully morphology is the base of establishing
ephemeral gully erosion prediction model on the steep loessial hillslope. Thus, to quantify the ephemeral gully morphological
characteristics on steep loessial hillslope in different rainfall intensities and slope gradients, an 8§ m long, 2 m wide and 0.6 m
deep slope adjustable soil pan was used to make an initial ephemeral gully channel on the soil bed according to the topographic
characteristics of natural ephemeral gully after tillage and before rainy season. The initial ephemeral gully was placed at the
middle of the soil bed with a depth of 12 cm. The soil used in this study was loess soil (fine-silty and mixed, with 28.3% sand,
58.1% silt, 13.6% clay), classified as Calcic Cambisols (USDA Soil Taxonomy). Soil materials were collected from 0 to 20 cm
in the Ap horizon of a well-drained site in Ansai County, Shaanxi Province, and packed according to natural soil structure of
the farmland on Loess Plateau. Two rainfall intensities (50 and 100 mm/h) and three typical slopes on which ephemeral gully
occurred and developed (15°, 20°, and 25°) were designed in this experiment. Simulated rainfall and runoff scouring
experiments were carried out at rainfall simulation laboratory of the State Key Laboratory of Soil Erosion and Dryland
Farming on the Loess Plateau. Needle board method was used to measure the topography after 70 min experiment and the
DEMs (digital elevation models) were generated in Surfer 10 with a resolution of 3 cm x10 cm. The results showed that, the
increasing of rainfall intensity and slope gradient accelerated the ephemeral gully erosion processes on the steep loessial
hillslope. Average ephemeral gully width and depth in 25° and 100 mm/h condition were 1.40 and 0.61 times larger than those
in 15° and 50 mm/h condition. Based on DEMs after rain and flow path figures, it could be concluded that the increasing of
slope gradient increased the slope length required for the converging of rills and ephemeral gully channel, and the angle of rill
and ephemeral gully channel at converging point was decreased; while the increasing of rainfall intensity decreased the slope
length required for the converging of rills and ephemeral gully channel. Gully density, surface dissected degree and tortuosity
complexity of ephemeral gully increased with the increase of rainfall intensity and slope gradient, varying from 0.74 to
1.48 m/m?, from 0.13 to 0.29, and from 1.64 to 2.84, respectively, while ephemeral gully channel width to depth ratio ranged
from 0.65 to 1.27 and was the smallest when slope gradient was 20°. Directional derivative distribution was generated from
original DEMs after rain according to the relationship between the neighbor grids, and it could be concluded that contour map
of directional derivative grids reflected the length, surface area and gully bottom position of ephemeral gully and rills. More
studies should be done on the ephemeral gully morphology and hillslope ephemeral gully erosion prediction model.
Keywords: soils; erosion; runoff; ephemeral gully; morphological characteristics; steep loessial hillslope; simulated
experiment; directional derivatives



