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Impacts of trees on slope stability during typhoons

ZHUANG Yu'?, XING Aiguo'
(1. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. College of Civil Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: Typhoon-induced landslides in southeast coastal China are clustered in trees-covered slopes, suggesting potential
interactions between trees and slope stability. Investigate the impacts of trees is crucial for slope stability analysis during
typhoons. With this purpose, we conduct field tests, laboratory tests and dye tracer tests to investigate the root distribution and
impacts of roots on soil properties. Results indicate that trees covered on slopes have a taproot system with a maximum rooting
depth of 2 m. Tree roots enhance slope stability by providing additional cohesion to the soil but simultaneously create
preferential flow paths that facilitate rapid rainwater infiltration. The contribution of preferential flow arising from root-soil
gaps reaches 2 to 3 times greater than uniform shallow infiltration. These dual effects of root reinforcement and preferential
infiltration significantly alter the mechanical and hydrological properties of the soil at the maximum rooting depth. During a

typhoon event, the strong wind load, rainfall infiltration and trees jointly trigger landslides. The maximum rooting depth and
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bed-soil interface are two potential sliding surfaces within the slope. Our works provide new insights into the risk assessment of

typhoon-induced landslides.

Keywords: typhoon-induced landslide; trees-covered slope; root reinforcement; preferential infiltration
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Fig. 1 Vertical profile of the slope and mesh division
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Fig. 2 Undisturbed root-soil samples arising from ring knife method
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Fig. 4 Vertical distribution of roots in different classes
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Fig. 8 Relationship between the root area and the dyed area

PR 2R dhy T HORA AT TR, 7 AR A DI 3598 800 %)
IR A B T N2, NI AT R A e M b L 4R
FE 6 MR TR B 2 i Wi A AR L 1 5 B A 5 IR AR
BERAEB WL

3 HREZEASHATTIE

T 7R p T U X AU e T K E 2 R TR
AR BT i T o B 5 T R A J2 N R A s ST, I )
T PR T ARSI S R, AP AT A )
AR SCAE X e A e ro= A s i), 1 1 VS A 1 THI 1 O
H(E9)

B9 ARMEAXEREERIGETER
Fig. 9 Schematic representation of the failure mechanism of typhoon-
induced shallow landslides

WFFEIX T AAE O ST (4 B A AR A TRAR T A AR
B, ARAR KT TR, A ) ZEAR AR G K /b, mlad i R
TR AR 1A s A I DI 3595 i i 1 A A AR B
SRR, ELR R FALE S SRR 2 B IR B U0
Ko MRER I AL 2 2 AR - A TR AR b
536077 A 1 38, B B e A X AT B o
JEE, AEL [ s S B0 AR i R T IR BE AR AT AE 1 22 i 22
Sto BEAh, B RPEEB AT & L E T T 2
A8, BRI i 2 e AR R R
Bt MRARSE LA HE AN BE I 5 XU TE] R KA
B R, AR LR P 5 XU LAk T i A
WA BB X LB EN T & T IR £, A
PR ZR A8 5 T K X o B3 g 2 K SCAIL ] 45
FBOR R B R BEALIE R . TP IX B M2
RSP 22 O T L BRI, B 3024, R T M A 0
3, 7R 32 XA 28052 P LA S R 52/, 5 XU 1) 3 39 7
it PR B A 7R 32 B R R XA 2. RV T A i A R



94 - Hh [ M KCE 5 B iR A 4R

AR ZR A LT T A AR e st 4 A S R A AR T B B TR 1Y
KRB, B B A A X T AR AT XAy 284 1o
YL, AT AR AR . iR
13 AU TR R S R AR ) A 7 R AL DA W 5 Ry 28 T
Feft THE . B IEE G XUYIE], TR LR 2 Al
503 AR R, R Xy B id =il e, R, 4
Ty OASr 8, AR 3 5 A 20 B BT ik, 5 T
WA TR KT WM A oK F , BIHOR R ik
KB DRBEAL S MR TSR0 A T T, %2 B 2 W 3] A
JEL TR N KA

Xt R A T N TR R BAR 2R A R LT B XK
TEAE R TR K TR AR A B IR, IR T2 iy A
LB ARSI WL/, I S AR E VA2 4 T -
AR N 5B ER R PRXAEZAA T
JUEEH, bR U RN HOR RN IREE A, S8 B R
AL T AN K BB KR . KA BZE -
FLAT R, S A 1 AR, B B AR AN X, 3 AR
T AABUBTSRE o PR, 2 PR - R B R R
17 DA TR 2R S 7 R A T T 2 35 40 XL Ay 2 AR R 4
IRV R e VB 1R §FS U N SIS IS [ S w
2 R R AR B I A A5 R IEAR W) 5

4 g

(D) MEBTAMRAREH, DR R ERHRR A
7, M AR R AR A, ERAR LT RE AL 2 m, B
0.4 m FEBELUT, MR R 2l & B TR AR g AL,
A A TR (5 5 RE T AR, T AR AR A A
OB 80%c Xof il s VA E 2R M

(2) £ TARE AN (AR Bl 45 R R W] AR AR A4
PERRS 02k 2R 7 T 11 a3 1) () s o o 2 (RO 48 i e 1
P KBS R WRFUKA B R, R LBER
BOT ik e £ 1045 Behh, BARNERIEFE AN 5
AR A AR DA G, B AR ol T R T

R, 7R BB RN X R K PR A B L L,
KR - Bt ri DU S S AR SRR T3 AR AR
B G AR S AB ) 2 ~ 3 4%

(3) AE O 135 AR E M 1 52 i 55y = RK SCRL
VIR G o Ty~ s A 358 T 2800, fie (A i AR
A R T DR AR R P T T, 7 XL Ay 20 5 o R £
PR A0 oy S 5 T6) P A R A - B S i DA AR 34
BeNFR S — AR T T, ph TR B, AR AR Sy
IR R s , (AR R SR AE A LS R A 3 e
e e A e 3 ek XU T

%2 30k (References) :

(1] Rz, WiFT, 2. K EKEERIIEFEGK
HALBE A B st e [ ] . R =2, 2008, 32(4): 815 -
825. [ ZHANG Qingyun, TAO Shiyan, PENG Jingbei. The
studies of meteorological disasters over China [ J] . Chinese
Journal of Atmospheric Sciences, 2008, 32(4): 815 — 825. (in
Chinese with English abstract) ]

[2] YASUHARA K, MURAKAMI S, MIMURA N. Geo-disasters in
the context of climate change [ J] .
Society Special Publication, 2015, 3(2): 45— 50.

[3] BAKKENSEN L A, MENDELSOHN R. Global tropical cyclone
damages and fatalities under climate change: An updated
assessment [ J | . Hurricane Risk, 2019, 179 — 197.

(4] JEEF, RAK. o8RG R FFEAE &I

[J]. A4 # 4, 2006, 34(3): 315 — 318. [ SHI Sufen,

ZHAO Ligang. Characteristics of severe typhoon rananim and its

Japanese Geotechnical

assessment [ J ] . Meteorological Science and Technology,
2006, 34(3): 315 — 318. (in Chinese with English abstract) |

[5] M=k, E8, LM, & 60 F w57 AW KR
e i P AREAE B IR A T [T ] R FE A, 2020, 40(1):
65 — 77. [ GUO Yungian;WANY Yi, SHEN Yueting, et al.
Analysis on characteristics of the extreme precipitation of
typhoon “ Lekima” [ J] . Journal of the Meteorological
Sciences, 2020, 40(1): 65 — 77. (in Chinese with English
abstract) |

[6] ZHUANG Yu, XING Aiguo, SUN Qiang, et al. Failure and
disaster-causing mechanism of a typhoon-induced large landslide
in Yongjia, Zhejiang, China [ J] . Landslides, 2023, 20(10):
2257 —2269.

[7] CHAUK T, SZE Y L, FUNG M K, et al. Landslide hazard
analysis for Hong Kong using landslide inventory and GIS [ J ] .
Computers & Geosciences, 2004, 30(4) : 429 — 443,

[8] TSOU C Y, FENG Zhengyi, CHIGIRA M. Catastrophic
landslide induced by typhoon Morakot, Shiaolin, Taiwan [ J | .
Geomorphology, 2011, 127(3/4): 166 — 178.

[9] SAITO H, KORUP O, UCHIDA T, et al. Rainfall conditions,
typhoon frequency, and contemporary landslide erosion in
Japan [ J] . Geology, 2014, 42(11): 999 — 1002.

[10] SAMODRA G, NGADISIH N, MALAWANI M N, et al.
Frequency—magnitude of landslides affected by the 27-29
November 2017 Tropical Cyclone Cempaka in Pacitan, East
Java [ J] . Journal of Mountain Science, 2020, 17(4): 773 —
786.

[11] NG C W W, YANG B, LIU Z Q, et al. Spatiotemporal
modelling of rainfall-induced landslides using machine
learning [ J ] . Landslides, 2021, 18(7): 2499 — 2514.

[12] E MW XS 200 T Al B 300 3 38 58 1 52 e F 5T

[D] . BL#B: W& ¥ T K%, 2014. [ WANG Zhaocai.
Study on the influence of vegetation on slope stability under wind
load [D] .
2014. (in Chinese with English abstract) |

Chengdu: Chengdu University of Technology,


https://doi.org/10.3878/j.issn.1006-9895.2008.04.10
https://doi.org/10.3878/j.issn.1006-9895.2008.04.10
https://doi.org/10.3878/j.issn.1006-9895.2008.04.10
https://doi.org/10.3208/jgssp.v03.j04
https://doi.org/10.3208/jgssp.v03.j04
https://doi.org/10.3969/j.issn.1671-6345.2006.03.016
https://doi.org/10.3969/j.issn.1671-6345.2006.03.016
https://doi.org/10.3969/2019jms.0081
https://doi.org/10.3969/2019jms.0081
https://doi.org/10.3969/2019jms.0081
https://doi.org/10.1007/s10346-023-02099-3
https://doi.org/10.1007/s10346-021-01662-0

2025 4E

FE 55, 4 A RUE R TR RBO 113 B e P 1 5 TR AL R A 5 95 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

TR ZR T . WL AR A< AR 5 X B T 5 A 3 8 TR R AR R R R
BLHIAFSE [ D] a3 o [H 3 B K %, 2016. [ ZHANG
Taili. Study on deformation characteristics and genetic
mechanism of landslide induced by typhoon and rainstorm in
eastern Zhejiang Province [ D ] . Wuhan: China University of
Geosciences, 2016. (in Chinese with English abstract) |
Elal, MR E, 2, &0 R0 ZE KR
BLERAESE (0] . 07 Jg 2 27 4l 2020, 26(4) : 481 — 491,
[ YAN Jinkai, HUANG Junbao, LI Hailong, et al. Study on
instability mechanism of shallow landslide caused by typhoon
and heavy rain [ J] . Journal of Geomechanics, 2020, 26(4):
481 —491. (in Chinese with English abstract) ]
ZHUANG Yu, XING Aiguo, JIANG Yuehua, et al. Typhoon,
rainfall and trees jointly cause landslides in coastal regions [ J | .
Engineering Geology, 2022, 298: 106561.
BUMA B, JOHNSON A C. The role of windstorm exposure and
yellow cedar decline on landslide susceptibility in southeast
Alaskan temperate rainforests [ J] . Geomorphology, 2015,
228: 504 —511.
EMADI TAFTI M, ATAIE ASHTIANI B. A modeling platform
for landslide stability: A hydrological approach [ J] . Water,
2019, 11(10) : 2146.
fLYEf, B4R, #hR, . B XU L T B AL ) A A
IO [J] . TR M BT oA 4l 2013, 21(2): 297 - 303.
[ KONG Weiwei, ZHAO Qihua, HAN Jun, et al. Model
experiments for deformation and failure mechanism of typhoon
induced landslide [ J ] . Journal of Engineering Geology, 2013,
21(2): 297 — 303. (in Chinese with English abstract) ]
FORRER I, PAPRITZ A, KASTEEL R, et al. Quantifying dye
tracers in soil profiles by image processing [ J] . European
Journal of Soil Science, 2000, 51(2): 313 —322.
SCHWARZEL K, EBERMANN S, SCHALLING N. Evidence
of double-funneling effect of beech trees by visualization of flow
pathways using dye tracer [ J | . Journal of Hydrology, 2012,
470: 184 — 192.
TR, AR R, 2R 0 R B E R R R AL B A A
FEAE B e (R BR B AT SY [J] . 3% 4, 2015, 33(1):
1 —7. [ ZHANG Jiaming, XU Zemin, LI Feng. Heterogeneous
characteristics of macropores in soil of well vegetated slopes by
dye tracing method [ J | . Mountain Research, 2015, 33(1):
1 — 7. (in Chinese with English abstract) ]
YANG Ming, DEFOSSEZ P, DUPONT S. A root-to-foliage tree
dynamic model for gusty winds during windstorm
conditions [ J ] . Agricultural and Forest Meteorology, 2020,
287: 107949.
MAIR A, DUPUY L X, PTASHNYK M. Model for water
infiltration in vegetated soil with preferential flow oriented by
plant roots [ J | . Plant and Soil, 2022, 478(1): 709 — 729.
ZHUANG Yu, XING Aiguo, PETLEY D, et al. Elucidating the

impacts of trees on landslide initiation throughout a typhoon:

[27]

[31]

[33]

Preferential infiltration, wind load and root reinforcement [ J ] .
Earth Surface Processes and Landforms, 2023, 48(15): 3128 —
3141.

LR, SO, B, L m e R XA XU T A
P RALG K BB R AR LRk [T] . AARE ¥,
2023, 32(2): 1 — 15. [ DOU Honggiang, JIAN Wenbin,
WANG Hao, et al. Review of failure mechanism and early
warning model of landslides induced by typhoon and associated
rainstorm in high vegetation coverage area [ J] . Journal of
Natural Disasters, 2023, 32(2): 1 — 15. (in Chinese with
English abstract) |

LEUNG A K, GARG A, COO J L, et al. Effects of the roots of
Cynodon dactylon and Schefflera heptaphylla on water
hydraulic
Hydrological Processes, 2015, 29( 15) : 3342 — 3354,
JOTISANKASA A, SIRIRATTANACHAT T. Effects of grass

infiltration rate and soil conductivity [ J] .

roots on soil-water retention and permeability
function [ J ] . Canadian Geotechnical Journal, 2017, 54(11):
1612 — 1622.

CAMIRE C, COTE B, BRULOTTE S. Decomposition of roots

curve

of black alder and hybrid poplar in short-rotation plantings:

Nitrogen and lignin control [ J] . Plant and Soil, 1991,
138(1): 123 - 132.

RELIR, BAEW, W 4, 55 8 AW o AR A TR
REWE AR [T] ) I K%M (A RF#
i ), 2020, 38(1): 149 — 156. [ SONG Zunrong, QIN
Jiashuang, LI Mingjin, et al. Study on root biomass of pinus
massoniana plantations in subtropical China [J] . Journal of
Guangxi Normal University ( Natural Science Edition), 2020,
38(1): 149 — 156. (in Chinese with English abstract) |

WU T H, MCKINNELL W P, SWANSTON D N. Strength of
landslides on prince of Wales Island,
Alaska [ J] . Canadian Geotechnical Journal, 1979, 16(1):
19 —33.

MATSUSHI Y, MATSUKURA Y. Cohesion of unsaturated

tree roots and

residual soils as a function of volumetric water content [ J ] .
Bulletin of Engineering Geology and the Environment, 2006,
65(4): 449 —455.

GHESTEM M, SIDLE R C, STOKES A. The influence of plant
root systems on subsurface flow:
stability [ J ] . BioScience, 2011, 61(11): 869 — 879.
TOBELLA A B, REESE H, ALMAW A, et al. The effect of

Implications for slope

trees on preferential flow and soil infiltrability in an agroforestry
parkland in semiarid Burkina Faso [ J] . Water Resources
Research, 2014, 50(4) : 3342 — 3354,

LUO Ziteng, NIU Jianzhi, ZHANG Linus, et al. Roots-enhanced
preferential flows in deciduous and coniferous forest soils
Journal  of

revealed by dual-tracer experiments [ J] .

Environmental Quality, 2019, 48(1): 136 — 146.


https://doi.org/10.12090/j.issn.1006-6616.2020.26.04.041
https://doi.org/10.12090/j.issn.1006-6616.2020.26.04.041
https://doi.org/10.3969/j.issn.1004-9665.2013.02.016
https://doi.org/10.3969/j.issn.1004-9665.2013.02.016
https://doi.org/10.1016/j.agrformet.2020.107949
https://doi.org/10.1002/esp.5686
https://doi.org/10.1002/hyp.10452
https://doi.org/10.1139/cgj-2016-0281
https://doi.org/10.1007/BF00011814
https://doi.org/10.1139/t79-003
https://doi.org/10.1007/s10064-005-0035-9
https://doi.org/10.1525/bio.2011.61.11.6
https://doi.org/10.1002/2013WR015197
https://doi.org/10.1002/2013WR015197
https://doi.org/10.2134/jeq2018.03.0091
https://doi.org/10.2134/jeq2018.03.0091

	0 引言
	1 根系发育特征及根系土物理力学性质
	1.1 植被根系发育特征统计
	1.2 根系土物理力学性质测量
	1.3 试验结果分析

	2 植被根系优势渗流效应
	2.1 染色示踪试验与剖面图像识别
	2.2 染色示踪试验结果分析

	3 结果综合分析和讨论
	4 结论
	参考文献

