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Identification and Estimation of Landslide Erosion Rate Based on

Particle Swarm Optimization Algorithm

GENG Haopeng, XU Ziyi, GUO Yu, ZHANG Jian
(Key Laboratory of Western China's Environmental Systems (Ministry of Education) ,
College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China)
Abstract: [ Objective] To construct a comprehensive multi-temporal landslide inventory across the FEastern
Himalayan Syntaxis and quantify landslide-driven erosion rates, thereby revealing the geomorphological significance
of landslide processes in this region. [ Methods ] The Particle Swarm Optimization (PSO) algorithm was employed to
detect the change of the Normalized Difference Vegetation Index (NDVI) from remote sensing images, and a multi-
temporal landslide inventory for the Eastern Syntaxis from 1987 to 2021 was constructed. The landslide erosion rate
was calculated using an empirical landslide area-volume relationship. Additionally, the factors inducing landslide
processes by considering climatic and topographic parameters were explored. [ Results] A total of 1 323 landslides
were identified in the study area between 1987 and 2021, with the highest occurrence of 389 landslides recorded
between 2017 and 2021. The landslides predominantly occurred on both sides of the river valleys near the Yarlung
Tsangpo River's Great Bend. The landslide erosion rates in the study area ranged from O to 76.06 mm/a, with an

average rate of 0.44 mm/a. These rates showed a decreasing trend from the Great Bend section of the Yarlung
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Tsangpo River outward. The erosion rates were comparable to the exhumation rates of geological-scale rock bodies
and the millennial-scale basin-wide average erosion rates. Landslide occurrences were associated with rainfall
events and seismic activities, primarily developing on south-facing slopes and clustering within an elevation range
of 1 500 to 3 000 meters and slopes of 35" to 45°. [ Conclusion ] Landslides represent the dominant erosion process
in the Eastern Himalayan Syntaxis. Rainfall 1s influenced by the windward slope effect and concentrates on south-
facing slopes, and drives the concentrated distribution of landslides on these slopes. Moreover, precipitation also
triggers landslides by enhancing river incision, which steepens the adjacent slopes.

Keywords: particle swarm optimization algorithm; multi-temporal landslide inventory; the East Himalayan

Syntaxis; landslide erosion rate; geomorphological evolution
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http. // stbexb.alljournal.com.cn



346 KRR

%039 %

L5 1 BT, A% SCIA Ay 5480 3 45 M IX 0 g i~ 1 -
b 55 1o P A7 7 1R 4 LR M 8 46 DU 22 LA K A i
TI 9 s i Mo S R AT BT, 22 V4 7 2R KU L B ST X
T 0G0 e 7K, A 5 R A YTk 45 75 B O 4 4 OF
H4 e T A AT 1 1 345.8 mm/a, 3 [ T & 0 0
He TR L 250 XU R B W L W A 4 PR 7 R ) 9 T
I, 5 B0 BT VB s R 70, B
i 5B W K R T )L T R A Tk S
B L1 5 4 VR 1 R0 A5 T UL 0 R D o A 3 B
f9 97 2 A T P o) o R 2 3 )
{B.(35°~45) LU W0 % A 9 E 2 9 Ha o
5 % ig

1) A SCE S 3 T PSO AL B L 45 4 11—k
L 5 7 Al 3 5 ) 3 4 B 4 0 B A 308 4T 2
30 M BRI T o T L R S AN M 4 A s )
31 BT Fr 22 4R 0 B 35 2

2) T I AL AR I 4 2T B 00 ¥ BT 1 2
ol SR 5 AR L 1 A 8 R T AR B Y
0T 5 058 ol o SR AIT L 96 7% R 7R T e X
F SR R

3) IR K R 2 2 K B0 7R 4 3 45 X ot R
T, A5 KR B T, I 4 P 7 R Tk
T 32 T 5 g ) RO M 1 B A L R SRR S
SO TR YD, B A3, 0 4 32 O e
EESE ¢

[1] MONTGOMERY D R, BALCO G, WILLETT S D.
Climate, tectonics, and the morphology of the Andes[J].
Geology,2001,29(7):579-582.

[2] KASHYAP A, BEHERA M D. The influence of land-
slide morphology on erosion rate variability across west-
ern Himalayan catchments: Role of westerlies and
summer monsoon interaction in the landscape character-
ization[ J].Geological Journal,, 2024 ,59(3):1112-1125.

[3] WHIPPLE K, ADAMS B, FORTE A, et al. Eroding
the Himalaya: Topographic and climatic control of ero-
sion rates and implications for tectonics [J]. Journal of
Geology,2023,131(4):265-288.

[4] WANG A, YUAN X P, WANG G C, et al. A non-
critical hillslope model: Evidence and topographic implica-
tions[ J].Geomorphology, 2024 ,453:e109155.

[5] HOVIUS N, MEUNIER P, LIN C W, et al. Prolonged
seismically induced erosion and the mass balance of a
large earthquake[J].Earth and Planetary Science Letters,
2011,304(3/4):347-355.

[6] RODA-BOLUDA D C, SCHILDGEN T F, WITT-
MANN H, et al. Elevation-dependent periglacial and

paraglacial processes modulate tectonically-controlled
erosion of the western southern Alps, new zealand [J].
Journal of Geophysical Research (Earth Surface) , 2023,
128(11):€2023JF007271.

[7] CYR A J, GRANGER D E. Dynamic equilibrium
among erosion, river incision, and coastal uplift in the
northern and central Apennines, Italy[J].Geology, 2008,
36(2):103-106.

[8] CASAGLIN, INTRIERI E, TOFANI V, et al. Land-
slide detection, monitoring and prediction with remote-
sensing techniques [ J]. Nature Reviews Earth and Envi-
ronment, 2023,4:51-64.

[9] ZHANG C X, YUE P, TAPETE D, et al. A deeply
supervised image fusion network for change detection in
high resolution bi-temporal remote sensing images [J].
ISPRS Journal of Photogrammetry and Remote Sensing,
2020,166:183-200.

[10] SHIW Z, ZHANG M, KE H F, et al. Landslide recog-
nition by deep convolutional neural network and change
detection [J]. IEEE Transactions on Geoscience and
Remote Sensing, 2021,59(6) :4654-4672.

[11] ZHAO C Y, LU Z. Remote sensing of landslides: A
review[ J |.Remote Sensing,2018,10(2) :e279.

[12] KENNEDY J, EBERHART R. Particle swarm optimi-
zation [ C]//Proceedings of ICNN'95-International Con-
ference on Neural Networks.November 27-December 1,
1995, Perth, WA, Australia. IEEE, 1995:1942-1948.

[13] YANG ZJ, PANG B, DONG W F, et al. Interaction of
landslide spatial patterns and river canyon landforms:
Insights into the Three Parallel Rivers area, southeastern
Tibetan Plateau [ J]. Science of the Total Environment,
2024,914:e169935.

[14] LARSEN I J, MONTGOMERY D R. Landslide ero-
sion coupled to tectonics and riverincision[ J].Nature Geo-
science,2012,5:468-473.

[15] BRI far s op [ DB T4 25 R R S B 4k (1979—

2018) [Z/OL]. W 28 = % 5 55 K %4 % 65, 2019.
http://poles. tpde. ac. cn/zh-hans/data/8028b944-daaa-
4511-8769-965612652¢49/.
YANG K, HE J. Data set driven by surface meteoro-
logical elements in China (1979—2018) [Z/OL]. Space-
time tripolar environment big data platform, 2019.
http://poles. tpdc. ac. cn/zh-hans/data/8028b944-daaa-
4511-8769-965612652c49/.

[16] B e s . 75 BK bRt DX BT 2205 2l Mk KA 3 A e 1R IF M
(D] A - AR TR 2, 2014,

CAI X L. Evaluation of fault activity and structural stabil-
ity in Milin area, Tibet[D].Chengdu: Chengdu Univer-
sity of Technology,2014.

[17] DING L, ZHONG D L, YIN A, et al. Cenozoic struc-

http. // stbexb.alljournal.com.cn



o5 2 1

Tk S 08 45« o TR DD P B 0 B9 A A 0 Y 0 Rl ST 5 R Tk R A

347

[18]

[20]

[21]

[23]

[24]

tural and metamorphic evolution of the eastern Himalayan
syntaxis (Namche Barwa) [J]. Earth and Planetary Sci-
ence Letters,2001,192(3):423-438.

B ok WA, R4 T, ORI GRACE W ZE i 113
S T R DR T R R [T M R B2 ) 2020, 63
(12):4345-4360.

DUANHR, KANGMZ, WUS'Y, etal. Uplift rate of
the Tibetan Plateau constrained by GRACE time-vari-
able gravity field [J]. Chinese Journal of Geophysics,
2020,63(12):4345-4360.

BOUKHENNAF A, MEZOUAR K. Long and short-
term evolution of the Algerian coastline using remote
sensing and GIS technology [J]. Regional Studies in
Marine Science,2023,61:102893.

GONZALEZ R C. Digital image processing[ M ]. India:
Pearson Education India, 2009.

LI1Z B, SHIW Z, LU P, et al. Landslide mapping from
aerial photographs using change detection-based Markov
random field [J].Remote Sensing of Environment, 2016,
187:76-90.

KAV R AR B2 B R B I B[] A B,
2004,49(5):91-96.

ZHANG M H. A remote sensing survey of geological
disasters of Motuo County highway in Tibet [J]. High-
way,2004,49(5):91-96.

KEYPORT R N, OOMMEN T, MARTHA T R,
et al. A comparative analysis of pixel- and object-based
detection of landslides from very high-resolution images
[J]. International Journal of Applied Earth Observation
and Geoinformation, 2018,64:1-11.

SIMONETT D S.

quakes in the Bawani and Torricelli mountains, New

Landslide distribution and earth-

Guinea[ M ]. Landform Studies from Australia and New
Guinea, 1967 :64-84.

(E3#% 317 70

[33]

[34]

AR, SO A A5 N T iR R AR OO 35 R e
FE G M A+ HE AR W) A W Ak s D] AR AR, 2021,
41(17):6862-6870.

REN Q, AT'Y, HU J, et al. Effects of different yak graz-
ing intensities on soil and plant biomass in an alpine
meadow on the Qinghai-Xizang Plateau [J]. Acta Eco-
logica Sinica,2021,41(17):6862-6870.

CHEN Z X, XU X, WEN Y L, et al. The critical role

of soil ecological stoichiometric ratios: How does refores-

[25]

[26]

[27]

[29]

[30]

[31]

[32]

LARSEN I J, MONTGOMERY D R, KORUP O.
Landslide erosion controlled by hillslope material [J].
Nature Geoscience,2010,3(4):247-251.
BHATTACHARIJEE S, BOOKHAGEN B, SINHA
R. Sediment-transport rates from decadal to millennial
timescales across the Indo-Gangetic Plain: Impacts of
tectonics, climatic processes, and vegetation cover [J].
Earth-Science Reviews, 2022,233:e104165.

KING G E, HERMAN F, GURALNIK B. Northward
migration of the eastern Himalayan syntaxis revealed by
OSL thermochronometry[J].Science, 2016, 353(6301) :
800-804.

LUPKER M, LAVE J, FRANCE-LANORD C, et al.
Be systematics in the Tsangpo-Brahmaputra catchment:
The cosmogenic nuclide legacy of the eastern Himalayan
syntaxis [J]. Earth Surface Dynamics, 2017, 5 (3)
429-449.

STRUCK M, ANDERMANN C, HOVIUS N, et al.
Monsoonal hillslope processes determine grain size-specific
suspended sediment fluxes in a trans-Himalayan river [J].
Geophysical Research Letters,2015,42(7) : 2302-2308.
ROBACK K, CLARK M K, WEST A J, et al. The
size, distribution, and mobility of landslides caused by
the 2015 Mw?7.8 Gorkha earthquake, Nepal[J].Geomor-
phology,2018,301:121-138.

ZHAO B, LIW L, WANG Y S, et al. Landslides trig-
gered by the Ms 6.9 Nyingchi earthquake, China (18
November 2017) : Analysis of the spatial distribution and
occurrence factors[ J].Landslides, 2019,16(4):765-776.
GRATCHEV L
landslides: Insights in field and laboratory investigations
[M]// Geotechnical, Geological and Earthquake Engi-
neering. Cham: Springer International Publishing, 2022
428-436.

Mechanisms of earthquake-induced

tation improve soil nitrogen and phosphorus availability?
[J].Plants,2024,13(16) :e2320.

BRI L BRAG KRS H L A PR TR ORI v IR AR AL B
ol B b S T O P e LA S T R s R [T ] A
%41 ,2024,33(4) : 35-46.

HUANG L X, CHEN Q, ZHANG X Y, et al. Effect
of two kinds of tree litter leaf extracts on soil enzyme
activities and eco-enzymatic stoichiometry of Axono-
pus compressus[J]. Acta Prataculturae Sinica, 2024, 33
(4):35-46.

http. // stbexb.alljournal.com.cn



