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Global Research Progress Regarding Gully Erosion from 1991 to 2020

Luo Li', Duan Shengdan®, Guo Wenzhao®*, Liu Heng’, Sun Haoze®, Yang Shuo’
(1.College of Water Resources and Architecture Engineering » Northwest A& F
University, Yangling s Shaanxi 712100, China; 2.College of Natural Resources and
Environment s Northwest A& F University s Yangling » Shaanxi 712100, China ; 3.Institute of Soil and Water
Conservation s Northwest A&F University » Yangling s Shaanxi 712100, China ; 4.State Key Laboratory of Loess and
Quaternary Geology , Institute of Earth Environment Chinese Academy of Sciences, Xi’an, Shaanxi 712100, China)

Abstract: [ Objective | The international research situation, current research status, and trends in research
hotspots in the field of gully erosion at home and abroad from 1991 to 2020 were analyzed, and the development
trends of gully erosion measurement techniques and models were analyzed quantitatively in order to promote
the in-depth development of gully erosion research and provide reference information for scholars in related
fields. [Methods] We acquired 2 568 research papers dealing with gully erosion from the Web of Science from
1991 to 2020. We used a bibliometric analysis method and VOSviewer software to analyze the research
situation of countries and institutions and the change trend of hotspots for gully erosion research. [ Results ]

The number of papers published on gully erosion research presented an upward trend in the recent 30 years,
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and rose rapidly from 2011 to 2020. China (23.7% of papers) and the United States(20.8%) were the main
countries conducting and publishing gully erosion research, with 44.5% of the word’s publications, and close
cooperation between the two countries. Among the top ten institutions conducting global gully erosion
research, three institutions (the Chinese Academy of Sciences, Northwest University of Agriculture and
Forestry, and Beijing Normal University) were located in China. This field of research involved many
disciplines, most of which were related to geology. Influencing factors, measurement techniques, and gully
erosion research models were the main research focuses in the field of gully erosion. The impact factors of
runoff, land use, vegetation, rainfall and soil had always been the focus of gully erosion research. The impact
of climate change, especially extreme rainfall, received greater attention in recent years. High precision 3D
stereo measurement technology gradually replaced 2D plane measurement technology, and was widely used.
Empirical models were applied early and widely. Estimation models based on quantitative analysis began to be
established after 2000, and this devlopment improved the accuracy of gully erosion monitoring and prediction.
[ Conclusion] Future gully erosion research should focus on the formation of gully erosion under extreme
rainfall after vegetation restoration, interaction of different factors on the gully erosion process, development
of new methods for gully erosion monitoring, and developing prediction models of gully erosion processes.

Keywords: soil erosion; ephemeral gully erosion; gully erosion; VOSviewer; measurement technology; monitoring

and prediction; Estimation models
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Table 4 Top 20 high frequency keywords of gully erosion during different period(top 20)
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i3k (catchment, 1 169)

A (gully erosion,1 134)

A (model , 858)

+ 5 (s0il ,787) "

W3 (slope, 774)

il & % R (measurement technique,697)
7=Uh B (sediment yeild, 674)

29 (runoff,661)

+ 1) (land-use, 642)

+ 4842 1l (soil erosion,401)

W& W (rainfall,363) *

S %A AL (climate change,337) °

B vegetation,272) "

Wi ¥ (topography,219) *

{2l i3 B2 Cerosion process,198)

21l 34 K (erosion rate,179)

JE %5 2% (morphology, 168)

45 75 4k (environment change,153) "
N5 3) (human activity,116)

+ B 3K (land degradation,110)

TE « x FRon 5 18 D52 i BT AR OGO SR 5 45 5 N BB IZOGBETR RO T BUBR . R A,

x5 HAMTEARERTXHNEERKSMXEA(F 10)
Table 5 Topl0 high frequency keywords of influence factors of gully erosion during different period(top 10)
1991—2000 4f 2001—2010 4F 2011—2020 4§
12t (runoff, 111) W (runoff ,365) + 3 (s0il . 787)
+ 1 (s0il, 86) + 3 (so0il, 324) 123 (runoff,661)
+ i F il (land-use.62) + #u A F (land-use, 258) + b F i (land-use. 642)
H# vegetation,55) % (rainfall, 171) F&T (rainfall . 363)

S Ak (climate change.54)

[% WY (rainfall, 40)

3% 2454k (environmental change,27)
BEE Ctillage., 26)

Wi (topography,21)

A1 (infiltration, 10)

FH B (vegetation, 125)

5548 fk (environmental change.120)
S AEAE AL (climate change, 83)

HiIE (topography.73)

HHE (tillage,45)

A5 (infiltration, 30)

S AR 4K (climate change,337)

FH B (vegetation,272)

HiJE (topography.219)

5% 25 4k (environment change,153)
N5 8 (human activity,116)

‘7P (lithology , 66)
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Table 6 Application of different method of gully erosion measurement in different period

W Rk B
KE % ft LESN 1991—  2001—  2011—
2000 4F 20104 2020 4F
D AR KA TS= ((gully erosion) AND (volume measurement OR refill )NOT Mars ) 8 22 44
¥ W Wt TS=((gully erosion) AND (erosion pin) NOT Mars ) 1 11 16
W Ak EN R TS=((gully erosion ) AND (total station) NOT Mars) 0 3 30
il
B s R TS=((gully erosion) AND (ruler OR rulers OR tapes)NOT Mars ) 0 2 5
WOt HE {0 TS= ((gully erosion) AND (profiler OR profilemeter) NOT Mars ) 1 0 3
R it 25 1 N 2 TS= ((gully erosion ) AND (aerial photo YNOT Mars) 3 10 23
i RN DR B
TR 3 R i s TS=((gully erosion ) AND (satellite image OR landsat )NOT Mars) 1 15 72
SDMEERE DML EEE TS:’((gul’ly erosion ) AND (3D photo-reconstruction OR PR )NOT ('Mars' 0 10
’ OR "UAV"))
WO LR EOE A TS= ((gully erosion ) AND (airborne LIDAR )NOT Mars ) 0 4 30
3D W EOE A TS=((gully erosion ) AND (terrestrial LIDAR )NOT Mars ) 0 1 20
7
1 HEZ AR TS= ((gully erosion ) AND (digital photogrammetry YNOT Mars ) 0 7 57
W A oy TS=((gully erosion ) AND (UAV photogra OR d zerial )
p AT F UL o Mi;xsy) erosion photogrammetry unmanned aeria i 0 59
SIM VR ME  TS=((gully erosion ) AND (SfM photogrammetry )NOT Mars ) 0 0 31
e s TS=((gully erosion ) AND (DGPS OR RTK-GPS OR differential GPS OR _
ya 3
GPS #: 20 GPS I differential global systerm OR real-time kinematic )NOT Mars ) 0 ’ 16
TS= ((gully erosion ) AND GPS NOT ('DGPS'OR 'RTK-GPS'OR 'differen-
FH GPS B tial GPS'OR ' differential global positioning systermOR 'real-time kinematic’ 0 6 22

OR 'Mars')
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FERE R AT 43 Sy 28 Y A5 R gy JASE R R A SR L 3 R
e Hp 2 AR AL S TR SR AR R AR B
B 3 28 5 1y B Y A0 45 K07 Mo AL K SO | I
FOBE YRR A 4 25 A B R AL 45 7 VD A
B ARl B R R E B TR R 3 2, 3t 10 2k,

I 5 R R ) K R 2, 7E Web of Science W TR %
10 A [RI S R A AS ] 4F FR A AR B0 (55 7)o

U Y ST L 20 5 Y N R N )
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2 Al SRR AL N T e /b o HL T R J) 38 3k 452 I (2000 4F
ZJE) . BB BLNGEE A K R E R R A Y B



53

WRRA 19912020 4F 42 BR V) 1 AF 5% 30F 273

BRI, 5 B8 SCEU 7.1 06, R A B[R] A
Uk B2 A A — T2 3 oy S0 S 9 EE A, X I el B Y
2 B 43 H VR HT s U I SRR R AT
07 2.7 Y0 5 AR R AR Y N A /b, 8 R R D R AX o
0.1%.,

SRR, 1991-—2000 48, Ay ¥4 P HY 4 Je %) 401
ey g BVESE Y/ BLY IR AN Y g RN PR
BE S A PN I ik T R S A A
Whitford J A &1 i 4ig V)8 & & FefiE @ 5r 17 H T 1
WUNGILE S8 L F R DL ARl ) 28 90 A A
Yang Dan %R T — R B V6 45 RBL Y 28 55 B
Bk 1 VA A A BE L AR 25 R AR B 2 HE T,
TS H R DL RIS E AN R i ] A A AN 65
B, 40 Lentz %50 F 1993 47 $ 2] i) 42 foh 390 I 455 784 , g

TOO T 9t v YA 4R T P O R VD i R L A AS RE RS A
TSR AR P BE . 1999 4F 38 [ A b 3 5T Y vk
WARPAA (EGEMD ™, & 4 1] i 4= b Al 55 9 &
) E — HE AR L ds 143z, AT R il i AR ik
T AR AT fA7 2R T A8 JFC 9 i A b A B 8 e B — X
T BRI R A AL N A R BR A

Wi 5 Bt 0] 14 30 S 3K S £ S (14 226 65 455 70 G 12 4 e
i XT3 R AT O 3 T AR A B A0 Al SR R O 4R
HBL(2000 4F 2 J5) , AN 2R A0 JE N7 T 3T 4o
AR5 A% (400 T8 (AR ARG B S AR L O 1) 9 42 ol A A R F 5
PRALARE . B AT VA ol gk AR I A A A A D 3l ol 5
B 9Y B 28 3 A Oy SR AR R i R R )2 IR 5 B RG
B B B 0y 3k b A A AT O 3 ol AR ok o AR Y S
Tl 7R B8 5 FE R

x7 AMEBERREEREEABRL

Table 7 Application of gully erosion models in different period

‘J’ﬂ@ A BEst W ROCE B
3 1991—2000 £ 2001—2010 4 2011—2020 4
X TS= ((gully erosion ) AND (predictive modeD NOT ('Mar" OR "modelling'OR 'soil ero-
i
” B sion model'OR EDM OR 'gully erosion model’)) ! § 30
T
L . TS=((gully erosion ) AND (growth model OR a model of gully development) NOT ('
" K& A A iy st . . ) 52
i EREHRA Mar" OR "modelling' OR "soil erosion model'OR EDM OR 'gully erosion model’)) 1 ’ 1
#

TS=((gully erosion ) AND (initiation model OR formation model) NOT ('Mar' OR '

T BB A modelling' OR "soil erosion model'OR EDM OR 'a gully erosion model'OR "a digital ele- 0 2 2
vation model' OR "susceptibility model'))
o T R TS= ((gully erosion ) AND (A digital terrain model OR DTM )NOT ('Mar OR "model-
2 1]
LR ling'OR 'soil erosion model'OR 'DEM'OR 'digital elevation mode'l)) ! 2 1
o TS=((gully erosion ) AND (hydrologic model OR hydrosedimentologic model )NOT ('
i | A R 2
% KR Mar" OR "modelling’OR 'soil erosion model')) 6 2
ﬁl i TS=((gully erosion ) AND (threshold modeDNOT ('Mar’ OR "modelling'OR "soil ero- 6 2 13
2 MmN sion model' OR "predictive model’ OR "EDM'OR 'gully erosion model'))
TS=((gully erosion ) AND (model OR models) AND (susceptibility modeDNOT ('Mar’
TR R OR "modelling' OR "soil erosion model' OR "predictive model' OR "EDM'OR 'gully erosion 0 6 51
model’))
th P RGEBA TS=((gully erosion ) AND (sediment budgeting models )NOT ('Mar’ OR "modelling")) 0 2 2
ERMGE#A  TS=((gully erosion )AND (volume budgeting models )NOT ('Mar' OR 'modelling’)) 0 1 2
"
2% R TS=((gully erosion ) AND (quantitative model OR calculation model )NOT ('Mar' OR 0 ; ;

"modelling'OR 'soil erosion model’))
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