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Fig.1 Study area and photo of typical gully
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ASCHEAE R B RS (Google Earth, GE) 521%.

T AAL (Unmanned Aerial Vehicle, UAV) 5214204 . 2021
4 R XA T ) R A R 2 B s DL T Ak
S PR RGLH 34 (Global Navigation Satellite
System-Real Time Kinematic, GNSS-RTK) FJ17]74) S %
#ii. £ 2017-GE SUAZ3KIEH ] (2017 4 5 A 12 HD =
2017-UAV ZREXH (2017 ££ 8 7 14 HDZ 18], Br%“7.26”
WA, BT N HAR B AR D, A 7d I HBE
PR 10.0mm (R 1), TRWINERN KL, Nk
BHERIMER, "TLLAE UAV 828 LR 3 b A
“7.267 B PTEL

%1 GE®1%%5 UAV Z1&3RENE FaH ) 2

Table 1 Rainfall during the interval between GE (Google Earth) and UAV (Unmanned Aerial Vehicle) images acquisition
H ] Date 2017-05-22 2017-06-05 2017-06-21 2017-07-06 2017-07-14 2017-07-15 2017-07-25 2017-07-26 2017-07-27 2017-07-28 2017-08-12
H F% i & Daily rainfall/mm  10.5 222 11.0 11.1 44.0 15.9 12.1 206.9 16.5 18.4 14.5

2 PR NASHE T AR B4 64 L 2017-GE 7%
N 2017 4F “7-267 FERERM AT HROAL — ARG EdE, St
# 0.12 mo 2017-UAV §445H1 2020-UAV 544535 49/
TN CRERS R 4 RTK, HHHLAEL S FC6310R) 3RHL
PR AR 1%, R GNSS W4 E L2175 % ik
(Continuously Operating Reference Stations, Cors) %4} /7
A e AL, DA mkE R, 8 Pix4mapper i
177 = s AT 2307 IR #2148 (Digital Orthophoto
Map, DOM) FIrFE A (Digital Surface Model,
DSM) . = JHF AR K A il F Rl 5 R AT AR AR &

I LL 2020-UAV 18 8 EWE, P ArcGIS A4
2017-UAV 514317 25 [ B HE

x2 HEXRRRSH

Table 2 Data source and parameters

L E T 8] T PR
Data name Date Obtaining method Resolution/m
2017-GE 4% 2017-05-12 Google Earth 0.12
2017-UAV 1% 2017-08-14  KiE#5 R 4 RTK 0.07
2020-UAV 548 2020-08-20  KEEAS R 4 RTK 0.04
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Fig.2 Diagrammatic drawing of the gully
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Fig3 The newly formed gullies in Wangwugou Watershed during the “7-26” in 2017
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KR ER DI, KERE 99.60 m, {Hi/MEHE
WILTEE B YA, N 6.46 m. B H YA SR YA
i, AR 1~3. 2.50~3 m Z 8], ok wE I

TEIREBYIG, BEfERik 5.60 m; i 3 1Y) 76 FiE 2% 1)
WREEYEN, EEAERLE 0.50~1 m Z [0, JEE VI

U FH ) v T AR R A K, TR D0 VA TH AR A3 AR R 33
5], FELERLE S0 m> A4, B U RS RO,
MR EESAA 10~80m? 2 8, T & Kik
150.10 m*;s 3 T §) Vi R % D) V8) R T AR 22 S i/,
BAE 5~25m* 2 |A].

— %k Mean line  + PAIE Median % ¥ {H Outliers
1501 8r 250
T AVG:3.24
2 120 AVG:34.46 g a3 200
AVG:33.84 MED:28.82 61 MED:3.04 &
g VIS8 MED2S. £ * 3 AVG:57 84
g :28. = ;
A: 90F AVG:26.80 i ST AVG:2.06 ilso H MED:54.30 AVG49.64
Z | MED:23.44 = MED:2.25 i e
o AVG2178 9 S MED:45.38
ﬁ 60} MED:16.48 @ 3 | AVG:0.94 == § 100 AVG:18.96
® - e * & [ MED:0.80 AVG:0.76 = AVG19.93 MED:16.99
= 30t ]2 % MED:0.76 " R 5LMED:1882 S
T e & = .
0 1 - 1 - — 1 - 1 - 0 1 - L - — 1 - 1 - 0 1‘ - — - 1 -
Wimvag  #hmyneg  EsvNe g Wby ehmyneg  EEUNE KHYNG Wbwa  myig EsRve REvNG
Slope surface Terracced  Unpave Bottom Slope surface Terracced Unpave Bottom Slope surface Terracced Unpave Bottom
gully field gully road gully  gully gully field gully road gully  gully gully field gully road gully  gully
a. KB b. B c. THR
a. Length b. Width c. Area

#: AVG A¥fH. MED HHi1H.
Note: AVG is mean and MED is median.

B4 TR A AIAT SHIELRLK
Fig4 Morphological characteristic parameters of different types of newly formed gully

3 NIV T R R G & 3 AT A,
WS X LR R SRR DA R O 3, SRR AR 1Y 42.98%:;
FLUC B BRI AR, 230 o5 SR T R 34.51% A0
13.80%; FHAth b 7 /b, AUH 0.41%. B8 Ja i
MR 12 2%, Hoikih 17 4%, VA 4 2%, Biib 1 4%,
AFER 11 4, MM, {ET AR R ARV 1R
Xof LA [R] - b ) FH 22 s TR i VA 268, B =18
K2 k1309.52 4/km*, JRHBIURI B L 388.35 Al
277.32 %/km?, B F Ay 78.28 45/km?, Bt Ny 5.24 2%/km?.

Xof AN [ - b ) FH S 7 B T AR A DV K B, AR
B 2Tk 45.24 km/km?s FLUCR BRI, 43508
7.99 F15.83 km/km?; B FHAFHURI B A/, 435108 2.67
A1 0.05 km/km?®o BIFFTIX A R 2 770 B AR BT Hodth TR -
HORIFH2EAL, TR BRI A T A S TR o AR
XFE DIVE A E AR R, B R B
RSB A8 A A s, (R R R 0 ¥ 2% 55 A7) 9 25

BB 173, RUIBE AR — R RETE, JLAE
Z N I AR VA R DT TR A% T B IR R

x3 HHVARER LR AER
Table 3 The land use type of the newly formed gully

i 2 TR A & L BRIV L BRI AR {’qﬁgg J{tggg .
Land use type Arca/hm? Arga Number of r}ery Length of r}ewly formed Number dens1ty_20f Length density ?2f gullies
proportion/%  formed gullies/Z% gullies/km gullies/(%%-km™) /(km-km™)
6 B Terrace cropland 15.33 34.51 12 0.41 78.28 2.67
B Slope cropland 6.13 13.80 17 0.49 27732 7.99
P Check dam cropland 1.03 2.32 4 0.06 388.35 5.83
Htth Forest 1.54 3.47 0 0 0 0
i Grassland 19.09 42.98 1 0.01 5.24 0.05
{E52 I Residential land 0.28 0.63 0 0 0 0
A P18 % Unpaved road 0.84 1.89 11 0.38 1309.52 4524
HAth -4 Other land 0.18 0.41 0 0 0 0
B 3R 2R All land use types  44.42 100 45 1.35 101.31 3.04

2.2 FRYASREBEYIALEX

F 4 92017 4F 8 H—2020 4F 8 H 3 a HAIHF 5 X
WU R BB HSG R, R4 T8, FRX AR
BUNHIA 84 %, F 22 KGR E, WLREE X
N 26.19%; HEVIEILA 45 %, Horb 16 &k A R
P, B 29 KA 10 58T D) VA Sk gk SRk, VA sk
RE RN 34.48%, ZIFEHVIEM 132 5. EHEWZ)E
() 3a . MLLEA VI, B UIva T Sk 3 U5 A= T i Ak
S5 Ky N

x4 NAAKREERER
Table 4 The development of gully heads
Diaas NOSCFURE % B URa% Wk RE =R

HaY Total Number of ~ Number of Development
Type number of artificially filled  changed  rate of gully
gullies/5% gullies/4% gullies/5% head/%
BRI
1 1 4.4
Newly formed gully 6 0 34.48
AT 84 0 2 26.19
Existing gully

RYEE 5 ATRD, H R UIA 2 SR A DI AT R A
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3 54, EATBME S 38 0.58 10.19 m/a. JfH,
B ATIVE I S T 2 0k KT 0.15 m/a, EEAE 0.15~
0.80 m/a Z[0], AN BSEL JEAT VIVavE Sk A i id 3%
Wi/ 0.20 m/a, S AECHSE T . X R IHT YA Sk T
BRI, ERERR, RAVNEE MR E,
SLATHEEE B 22 SR
2.3 YA BE5MEESHXRNH

2017 F—2020 = Y174 1 Sk i i 2 5 1% R 1 1R 9%
# (B 6) KB, VASKATTEIL I B 58 D)8 AR A V)
VAV S TR (A I A B (P>0.05) 5 VA Sk
AKTH AR 58 B v T R R R R E M R R R R
(P<0.05), 5EA DA 2B EMEIFEMISKR (P<0.01) .
BRI AN E A V1A VR Sk 3R 5 U0 Ve Sk i ik T e [m] 1
FERLE R? 20 BIAA 0.06 F110.09; 5T )78 Al A V174 v
SV KA S U3 Y Sk TR R R 43508 0.58 Al
0.3 1. B A UIVA VA Sk ATk 9 2R 5 T R 7 LA 2O AR T

o 55 V)V4Existing gully
— JEHVIAZYE A Linear fiting of existing gully

o HY)HNewly formed gully
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Abstract: Soil erosion has posed some serious damage on the land resources in the world. The "Grain for Green" project in
1999 has been launched to restore the vegetation on the steep slope farmlands and control the soil and water loss for a better
ecological environment of the Loess Plateau in China. But, the frequent extreme rainstorms have aggravated the occurrence
and development of gully erosion under global warming in recent years. The development of the gullies after the extreme
rainstorm still remains unclear so far. Fortunately, the Unmanned Aerial Vehicle (UAV) data can be collected fast, accurately,
and efficiently after a rainstorm. The flexible acquisition time of UAVs can be expected to serve as an effective tool for the
development of gully. Taking the Wangwugou Small Watershed of Chabagou Watershed on the Loess Plateau as the research
area, this study aims to investigate the formation and development of gully under a rainstorm using UAV images. A case study
selected the "7-26" extreme rainfall that occurred in Northern Shaanxi of China on July 26, 2017, with a daily rainfall of
206.6 mm. The patterns of newly formed gullies were captured under the climate. An equation with the topographic parameters
was established for the occurrence and development of newly formed gullies in the following three years. The results showed
that: 1) There were 45 newly formed gullies during the extreme rainstorm, which were about 101 gully/km? in total. Four types
were divided, including the hill slope, terraced field, unpaved roadway, and bottom gullies. There were more gullies found on
the slopping hills. The bottom and terraced field gullies presented much wider and larger in the study area. The unpaved roads,
check dam farmland, and sloping farmland were more prone to the gullies. 2) In the three years after the formation of the new
gullies, the development of the new gully heads was faster than that of the original, 34.48% of which were further advanced,
indicating 1.32 times the original. The average gully head retreat rate of newly formed gullies was three times that of the
original, up to 0.58 m/a, where the maximum speed reached 2.12 m/a. 3) The drainage area significantly promoted the
development of gully heads. A critical topographic index was selected to simulate the retreat rate of gully heads. There was
more severe soil erosion under extreme rainfall conditions. The source of newly formed gullies was rapidly traced within three
years after the occurrence. Therefore, the appropriate management can be attached to prevent such gullies during this time.
This finding can provide an essential reference to estimate the rill erosion on the different types of sloping land in the hilly area
of Loess Plateau.

Keywords: remote sensing; Unmanned Aerial Vehicle (UAV); topography; Loess Plateau; extreme rainstorm; gully
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