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Fig.4 Morphological parameters of newly formed PGs

HHE 4 JE 0T 50, RV EB MR AN A R A B
RNV T RS FRAEA 5200 . TE3HRE b B 38T DA 1K
F& T AR SAAE 38 52 8 Sk b 05 A TE IR VR 8 1) R 3 R
(P<0.05), P35 74 26.90 A1 15.90 m, ~F¥Jif
B> 50 19.89 A 11.71 m?; 58 FE 3R 32k 5B Tk
VI ) R (P>0.05)  7E i bR R H Y

WHEEY, TEAT BENE T, SREiEEmAE
TR I B B B I ME 4 R 12.340 0.76 m
11661, 0.60 mo THAIIE 554 10.79 Fl 9.98 m*,
2.2.2 RAMBRA AT SN TR

T3 N AXEA VAL Er ARG . A
WFFRAE R B by Ay RUE 3 AN RIBLIEE T 301 4


http://www.tcsae.org

21 W

FoOEAE: W m R XA UV R E AR B B 83

JRE VI . 301 KSR VNGHA 97 26FREEdE, i
I 32.23%, 204 AR ER, 5 AE 67.77%,
Hep B By R A4 20.90%. 36.47%. 34.90% 5
VAR . YAk 5 R R O YR e G RS D
72 %, oA R E B AN T 1 o B 48 A 24 4
Y3 B 5 i R R O B R Ui A 175 4, Hp
FRVEE@ANATE I (1) 73 7 49 F1126 % 1k EJ7H)
= i ) FH S AR R RN ER AR b 1) SR AT D098 43 BIAT T AR 47
%, WEEREAEE. SRR, BBk R U
Sk b7 SRV B I DU i .

K 5 AEEUEMEAS SRS . il 5 %kEEE
) JER A ) V) AR AN 2 368 1) A 1109 ) TR 25 2 B0 0t B AT A
B, FEAEUENKE Sk DA TCERE R
(P<0.01) o ¥4k EJ7AEREEN T EA VIE-F8 K E
BERTILRBEN (P<0.01), “F¥IE 5N 40.54
13091 m, AIEZEER 131 f%, EFRSAMA 23.01~
52.75 1 19.51~37.67 m. ¥4k b 776 Joikib & 5 A

P98 6 BE AV AR TE B 2 52 m (P>0.05) o %8 FE ¥ LL#%
Vi, 4% 1236 F1 11.88m, & H 41 /F 6.82 ~
17.03 f1 6.69~15.57 m; fEVIAHAIE I, HikinE
T A TIVA RS K T A E BB JE A VA, 430008 483.14
F1410.62 m*, 4 4> A #£ 167.82 ~700.17 A1 116.74~
524.48 m*.
%=3 EBYALEFEKER

Table 3  Basic situation of above existing PGs head
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Table 4 Development of newly formed permanent gully heads
17526 % Number of PGs

K
Al BE RRE TR it

T P rtion ©
Pe Total Changed Filled roportion %
R Rtapusi]
Connect with EGs 29 10 5 41.67
5 ANE S
Disconnected with EGs 14 3 2 25.00
41t Total 43 13 7 36.11

e b A AE DA S S DA R . s .

Note: Proportion is the percentage of gully head development in PGs. Same in Tab 5.
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T VA 3 8 1R E UV 9 Sk AT EE B R T 2 E

0.45 m/a; 5574 AN KB R D)VA ¥4 Sk A3t 8 2 (1~
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84 Flk T2 (http://www.tcsae.org)

2023 4F

3 &7} Total Wi #FHSlope cropland
L Grass land + 2J{EMean
— ifizZkMedian line

T:_c 2.0
&)
> ns
5 1
515t ns
5 5 '
®
H e
S5 10p
=%
<
S
= ©05r D
R g
L
= [0
S o}
=
g L L
z RSRE RLapesyiii 5k E S

Connect with EGs Disconnect with EGs
B 6 #minAhkardtitF

Fig.6  Gully headcut retreat rate of newly formed PGs

M 6 JE AT R, PRI IEEVEAEAS [F) 1o X8
FRUIEE SRR B A R, SO b 7R 3 A BT
DIVE 98 3K BT E s A BB K T 5 AN, P8y
653379 0.51 #1025 m/a. Hidh b, 5374 E K5 K
DR A Sk AT BE AT BIE Y 0.20 m/a, 5k ANIEE
FRI 8T VA FRIVE) S AR R AR R AR e
2.3.2 KA BRA WA A KRLE Rk

542017 4 8 H—2020 4F 8 H 3 4E [HI B 7t X Ji
AYUNGERREED. HES WA, EHAR 301 %5
GURAY, 62 K RAERN, WK EMIEA VI
LN 20.60%. ot 97 5% 5k E K R A YIe
37 SRIERARBER R, VAR BIEA VI (5 N 38.14%:
204 SRS ERIGANERE RG VA, A 25 K00 R IR ST
B, WK EWEA VNG SN 12.25%. 7E 3 AR RR
JE b, AT AEEAEEREA VI, 5 EER
JAA VI HIVE SR KB B S UK, A EE R R A V1A
15 3.11 fi5.

x5 BRAEMAEXRELEBER
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Influence of ephemeral gullies on the occurrence and development of
permanent gullies in the Loess Hilly Gully Region of China

WANG Qiang, WANG Chunmei™, PANG Guowei, LONG Yonggqing, WANG Lei,
SHEN Huazhen, YANG Lijuan, YANG Qinke

(1. Shaanxi Key Laboratory Earth Surface System and Environmental Carrying Capacity, College of Urban and Environmental Sciences,
Northwest University, Xi’an 710127, China; 2. Key Laboratory of Ecohydrology and Disaster Prevention in Arid Regions,
National Forestry and Grassland Administration, Xi’an 710048, China)

Abstract: Ephemeral and permanent gullies are vital components of erosion gully system, and the existence of a significant
correlation between them has become one of the critical scientific questions in the control of gully erosion on the Loess Plateau
in the new era. This study aims to explore the effect of ephemeral gullies above the head of permanent gullies on the occurrence
and development of the connected permanent gullies in the Loess Plateau. Three typical small watersheds were selected as the
research area located in the upper, middle, and lower reaches of the Chabagou watershed in Zizhou, Shaanxi Province. This
study systematically analyzes the current connectivity between ephemeral and permanent gullies in the hilly-gully region of
Loess Plateau and the impact of this connectivity on the formation under extreme rainstorm and their further development were
explored at a three-year time scale based on unmanned aerial vehicle (UAV) aerial photography and high-precision modern
measurement technology. The results showed that: 1) The hillslopes with ephemeral gullies were more conducive to newly
formed permanent gullies under the '7.26' extreme rainstorm in northern Shaanxi in 2017. A total of 43 newly formed
permanent gullies occurred in the three small watersheds during the rainstorm, of which 67.44 % were connected with
ephemeral gullies. 2) The existence of ephemeral gully in the upstream of permanent gully head had an important influence on
permanent gullies morphological characteristics. The permanent gullies connected with the ephemeral gullies were significantly
longer than that disconnected with the ephemeral gullies, and the width of the permanent gullies was not significantly influenced.
3) Upslope ephemeral gullies also significantly affected the development of permanent gullies connected downslope. On the 3 a
time scale after the ' 7.26 ' rainstorm in 2017, the permanent gullies connected with ephemeral gullies were more active in the
subsequent development process than the ones not connected with ephemeral gullies. The proportion of gully head
development in permanent gullies for newly formed permanent gully heads connected with ephemeral gullies was 1.67 times
that of non-ephemeral gully-connected permanent gullies. and the gully headcut retreat rate was 1.80 times. For the existing
permanent gullies, the above rates were 3.11 times and 2.17 times, respectively. This study can provide a theoretical basis for
more effective management of gully erosion in the hilly-gully region of Loess Plateau.

Keywords: remote sensing; unmanned aerial vehicle; permanent gully; ephemeral gully; Loess Plateau; connectivity
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