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Research Progresses and Future Prospects on Soil Pipe Erosion
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Abstract: Soil pipe erosion is a special erosion process caused by the formation and expansion of underground soil pipes. It
makes important contributions to the development process of gully erosion and the gravitational erosion processes, such as
landslides and collapse. It mainly affects the runoff-erosion-sediment transport process of the slope and watershed by changing
the near-surface soil hydrological conditions. However, due to its concealment and complexity of genesis, related quantification
research faces great challenges. Based on the bibliometric analysis method, this paper systematically reviews the development
history of soil pipe erosion research and identifies the hot spots and development directions in the field of soil pipe erosion

research. Aiming at the current research focus, this paper overviews the dynamic process of soil pipe formation, summarizes the

* ERARBIERL S TTH (42277339, 42177326 ) ¥EBh Supported by the National Natural Science Foundation of China ( Nos. 42277339,
42177326 )

+ M IR/E#H Corresponding author, E-mail: flzh@ms.iswe.ac.cn
EH TR 85 (1993—), H, WA, Wi, @R n, EENELREAT LR MK A5 . Email: xuxm@igsnrr.ac.cn
Weks H Y1 2025-07-02; W EEECR HI: 2025-09-09; FIZ&# & H (www.cnkinet): 2025-12-12

http://pedologica.issas.ac.cn



4 1 5%, HEEERM RS Rk 1019

multiple factors affecting soil pipe erosion, and analyzes the dynamic mechanism and harm of soil pipe erosion. In the future, it is

necessary to innovate the monitoring methods of soil pipe erosion, clarify the dynamic mechanism of soil pipe erosion, quantify

the contributions of key influencing factors, and develop a water erosion prediction model containing the processes of soil pipe

erosion. This will provide a scientific basis for soil pipe erosion risk assessment and optimization of governance measures.

Key words: Soil pipe erosion; Driving mechanism; Key factors; Monitoring methods; Erosion prediction models
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Fig. 1 The changes in the number of publications and citations related to soil pipe erosion since 2000
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Table 1 Bibliometric indicators of the countries with more than 20 publications

E %R B He# LI GIR He# A Hohot
Country Publications Rank Citations Rank Betweenness centrality
2 [E United States 207 1 6526 1 447.60
1 [# China 176 2 4096 3 239.67
i [H United Kingdom 69 3 4214 2 69.98
B RA Italy 52 4 1605 8 51.59
faf 2% Netherlands 49 5 1070 9 26.45
A Australia 48 6 1624 7 187.41
PYHESF Spain 47 7 1708 5 161.40
Fe AT Belgium 39 8 2721 4 39.80
H 7S Japan 37 9 986 10 72.57
J& K Canada 37 10 1635 6 136.97
B Iran 33 11 548 15 45.62
#: [# France 32 12 837 11 205.95
% Germany 29 13 768 12 232.29
Ef ¥ India 27 14 702 13 1.71
%% Poland 27 15 577 14 12.44

http://pedologica.issas.ac.cn



4 34

RBISEAE: TR RIS RS Rk SR

1021

e, EE (447.60), HE (239.67) FI
TR (23229) 7EZdGEbr DHEA SERT, WO HAE
- S T (R e B Y SR 1Y I 2T b

FETAREHL &Ik 55 (3 (http://bzdt.ch.mnr.gov.
cn) ML (HIES: GS (2016) 1667 5 ),
ARSI T R SCHERT 30 MM EIZZ B A VRS B2 ).
GERM, EE. PEMEREAMUE CEREZ, H
HARGERS, W T —G1ERIE, KLl
FIEE . RARHAREEE L, TR T R RS
TEMZE (& 2a). HAN, SO SWAE—EfRE -
M AR SR, BN, SREBRBESE (AR KA
R MR ) Z R GERE, POiE A E S
ELVE . BARAE . PEPESF . M4 ) Z AR AL
SROCHK . BYEMRLE S — R, EE S PE
A A, R 22 5 ORI S S
e[| 5 =45 (& 2b ),

TEGETHRY 805 fm SClk b, HHA 233 AN SCHE A
B 10 Yk I 2% Kk R B, 345 =k
WL 7 Tt P A ) SE BRI FH %748 (1 3a),
2010 4FERIJE, AFT E TR AT HHEE A & A HLH
U161 i | A8 T8 R S I A S i) g oy U718,
S G T A R LR K R AR D A I Y
FRU200 2 2014 AFEHT )5, 5T H A5 % A5 1 ) R i [
PR A R S AN R B K T2
FYZER 2018 AR, BFST 4 i I SR

FEA, JRAR L W SRIVURIYA I S5 OB TR A B )
31 R B o 2 R R 5 9 T XU (9 TR 2020
LI, TN ARHBTE IBH A 1 0 FHE =728,
ZARAC R I T B P T 1 0] L M AR T8 s ] 3 A A Bl 2
AR SR RIS T A R R,
IR AP POT LRI =4 TrE: £
BEESEIE A S AR | R T R kA S P R
THEEER ML S5aE (& 3b), Lkl 34
5T, E RS BB T — R IR
BER (K 2), FIHCREZ X 3 AT G T 1 1Y
PR RS

2 HEEEERRE d RS LR
ST RN DRV TR TR B

2.1 TEEEMBHZNEE
TR E A OSCHSL RS, Rl ah L
SR LB AE 22 7l DR 28 B Bl 328 A0 T8 T A AR A e
g5k, R AR AR 0 R AR, OB A
FEPABL T 45 Ry A 55 KU R b 22 1) 52 24 ) 3 [
VERTBILH W04 e AL B 3 B IR T 3h i /X an
WE A S MR SZ IR TG B ) R AR AR e A AL
i, LAKIRAKAE PR B R 2 2, i sy s £L B
T H BT R A S A SR, BB e [ LA
PRoeiE A i T 2R B, BRIk
M N KA BT, K i X 2 R LRI RS

EINe T
South Affi¢ UK gy
NCZ Australia =)
Hge
NewuZealarf(f‘( ’
T T T T
: =

RCHE ()
Publications

#HES.GS(2016)16675

HARBTIRER Mo

http://pedologica.issas.ac.cn



1022

_ g
2 23 ]
b) 3 LE §
>, » BYEQ &
2 % Boghs 3
2 5 2523 .
) > T A g EFN N i
L p 58 & i
s 3 & % ZEys = d
% %% g fimg d
& 4 %o o SbEL o ” \
% % %2 é @
% > || ! ] g
\?% P’e \ \g& |
Uy,
6{? |
@m% $£~% ‘ .
Coeg, 1y @\
%%” ©)) p @w@
L:( @i‘/j c (12 % @\)(\\
5 S rae](] N |
’ WItzer]an ) | L
R ey Ethiopj, (7)
1% France (26)
) i
ea states ¢
e United nmmy :
ey,
"(49)
R
5
S
. 9
. E d |
. R <
& % \
= 2
] %
- /k
: e
2
=

I (a) BARNRZEZRNESCE, BB, R BL; BGSOMERRER 2%, F-REAEZSERRER
%o (b)) BTN FHC B RIS 5 NECF RN IR E Z R E PRSI S, BIBK, FRaFR ML L gRRaEm
R ELHMERASIEBINE . Note: (a) The size of each circle represents the number of publications of the corresponding country. The
larger the circle, the greater the number of publications. Circles of the same color denote countries within the same collaboration cluster,
reflecting strong collaboration among these countries. (b) The length of each arc boundary represents the number of publications with

international cooperation; longer boundaries correspond to a higher number, with exact numbers shown in parentheses. Line thickness reflects
collaboration frequency; thicker lines indicate stronger collaboration

B2 A SCHHT 30 MR ZMAAIERTE: (a) MBEzsEIME; (b) SRR ZIE

Fig.2 The collaboration map among the top 30 countries in terms of the number of publications: ( a )Geospatial distribution; ( b )Chord diagram
of collaborative frequency

EVSTIULRZIPAY iR use st Sk A AZIE 3 N 1S 7 A S i %&
JEmE, 5]k L PR R B AE, SEURA 2.2 TEFERNERSNE
FLBSZEHT Y KIS, e 2 B4 i 7R i TR AR S B R R,
VIRem B RSP AN, KETRLEE  ElhRRY ﬁ%ﬂ%\m%ﬂAiiﬁﬁﬁT
EABCHHK SR AL TR RoEIE , Wy IEAEYES) BB, W

it

SER
IR
W R T AR L RS IR s R K
Bl T FIAEE, XS Yyl B Rt ok AT R i — 20 5 R R B mEAERP, EE R TR

RS KT

http://pedologica.issas.ac.cn

63 %



4 3] RSN L R S AR B 1023

a)
fi ik

Description

streafibbank 2010 2012 2014 2016 2018 2020

seepage force

~@ere wat@ppressure
w V4/AN S

R {fine mrgcle granular soil
— [
C sal ke
SN ~ Wa ‘ y &7 S »*’Jo'
pipe nétwork W7 A pipe 0'. Ao =4 : ; : :‘ackwa@erosmn
g Ya B : e 8 ;
\ S S — = - X - 0 ! o

slope gpadient 45898 tandglide ~ — - k,war.dﬂ'osmn piping

- s AV —l Al o T i y

: \ W Ny, Y - ity [ lation

Pipe .lapse’_ - : accy;acy 2z v
-

ervvatena.roperty' N ’\_ L,

eva on -

i li ;
.fﬂl” o O iy, o ! cc&ns‘tion‘ “/

recognition e.e< = \/
bréach Application

@

uav

pipmg phenomena earthidam

b)

A I N0 3 97 F A B (R L] 5 e s
Dynamic Processes of Soil Pipe Erosion Mechanisms
Soil Pipe Formation strea@bank and Hazards

ped re wat.pre\ssge seepage force

granular soil

\ seepf] anercle
draul %l&ﬁ t S

san‘boﬂ

vegetat y A | LA N SN ;
Pipe @llapse @& : X m’ ac\‘aey res’olr ’
J - ;'\aterla.rope ~
% susc‘)lllty *eva@on'-. o lake risk

) consf ion core ‘
® recoghitiong @ earth pro‘ility
th-

uav
A Rl Y 5 e [ 3R
Influence Factors of
Soil Pipe Erosion

@ breach
Pipmg phenomena earth dam reac

TE = P 7R 70 ) 205 45 4 b B 43 2 BB R SCIB B J3E 0 O REAR) o 80 MR AR B SRR R Se B S L. 1Y R /N RoR St
TR BT, N B R BB 5 WR Z A R R R R Z A L B OC R, FELGBORL R WYL BB R o DG SR X iz AP
5 2 7R A B % SR IR BT AT SCRR SF- 34 & 32 iF ] . Note: Only keywords with high co-occurrence frequency and association strength are
shown. Some low-frequency terms were not displayed. The node size indicates the frequency of the keyword, and the larger the node, the
higher the frequency. The connection between nodes indicates the co-occurrence relationship between keywords, and the thicker the
connection, the higher the co-occurrence frequency. The year associated with each keyword represents the average year of all publications

that contain the keyword.

K3 RIEAEERIMAR SO OCHE A M 4 1813 . (a) BEIIEZE(L; (b) R4
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