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Quantitative Study on the Influence of Tectonic Stress on Landslide Development in the Middle-Upper Streams
of the Dadu River

Abstract: [Objective] Landslide disasters represent complex geomorphological hazards occurring at the Earth's surface
under the combined influence of internal and external geological dynamics. Although tectonic stress fields significantly
affect the evolution and spatial distribution of landslides, quantitative research regarding the specific impact of tectonic
stress on landslide development remains insufficient. This study aims to quantify the influencing effects of tectonic
stress fields on landslide distribution across different geomorphological zones in the upper and middle reaches of the
Dadu River area. Dadu River area lies in the transition zone between the eastern Tibetan Plateau and the Sichuan
Basin—a region known for intense tectonic activity, rugged topography, and frequent landslides. [Methods] Focusing
on four distinct zones (S1-S4) with concentrated landslide distributions, a newly developed in-situ stress
depth—intensity model for the southeastern Tibetan Plateau was introduced. The horizontal tectonic stress fields and
topography-induced stress fields (generated by gravity) were quantitatively calculated at grid points within the landslide
boundaries of each zone. These calculated stress fields were subsequently integrated with slope geometric
characteristics (slope length, gradient, and aspect), landslide attributes (area, frequency, and sliding direction), and
regional geological-geomorphological backgrounds to analyze the differentiated mechanisms of tectonic stress on
landslide evolution. [Results] Significant variations in the influence of tectonic stress on landslide development were
observed across the four zones: (1) Upstream subdivision (S1): The proportion of tectonic stress is the lowest across the
entire Dadu River area (approximately 50%). The landslide slope length probability (R.) increases monotonically with
slope length (L), aligning closely with the theoretical curve dominated by topographic stress, which indicates that
landslide development in S1 is primarily governed by gravitational topographic stress. (2) Midstream subdivisions (S2,
S3):Situated at the intersection of multiple fault zones with frequent seismic activity, the proportion of tectonic stress
increases markedly to approximately 63%. The landslide slope length probability (R.) exhibits a uniform and stable
distribution within the 1 km to 3.5 km range. This pattern indicates a high proportion of earthquake-induced landslides,
where instantaneous stress release from seismic events triggers slope instability that correlates weakly with slope
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length.; (3) Tributary (Liusha River) subdivision (S4): Although the calculated tectonic stress proportion approaches
80% with a peak landslide probability occurring at shorter slope lengths (approximately 1 km~2 km), wide exposures
of low-strength mudstones and sandstones cause the calculated tectonic stress to be significantly overestimated
compared to actual conditions; landslide development in S4 is ultimately influenced primarily by lithology, leading to
the concentrated clustering of short-length and low-gradient landslides. [Conclusion] In conclusion, landslide
development in the upstream subdivision (S1) is primarily influenced by topography-induced stress, while the
midstream subdivisions (S2, S3) are significantly affected by tectonic stress. The instantaneous release of tectonic stress
caused by earthquakes breaks the slope stress equilibrium, and the instability process has a weak correlation with slope
length. The tributary subdivision (S4) is mainly influenced by weak lithology rather than tectonic stress. Overall,
tectonic stress, as a component of the initial stress field, plays a crucial role in slope stress equilibrium. Under the
continuous action of external forces such as weathering, rainfall, and earthquakes, the tectonic stress is weakened due to
the reduction of the elastic modulus, leading to mechanical imbalance and subsequently influencing landslide
development. [Significance] The differing characteristics of tectonic stress factors influencing landslide development
across various subdivisions of the Dadu River basin offer new insights into understanding the spatial distribution
patterns and mechanisms of landslides. Meanwhile, considering the impact of rock mass mechanical property
degradation over time on the initial stress field may be a feasible direction to connect long-term geological evolution
with short-term landslide triggering processes. This study employs a quantitative mechanical approach to reveal the key
factors influencing landslide development in different sections of the Dadu River area, offering new insights into the
role of tectonic stress in landslide spatial distribution patterns.

Keywords: Dadu River area; Tectonic Stress; Topographic Stress; Landslide probability; Landslide distribution;
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Fig. 1 Tectonic setting of the study area.

1.2 FRXPXRERIE

S IORE IR Y M E AR T K B X (S1-S4, Bl 1) EUF(S1)7r X @ e a3, H e % B R K
BRI RS, AR R, &Rk 130 m(7K & R4, 2024). %57 XILR G 212 4, “F4THFAZ) 0.95
km?, 3EZ AT 202352 HiE M S0 X Ik (S2-S4) RIS 5 ZHAH [R] HU SR (R 1R 0, 2013; Tk EREE, 2024). H
W, S2 43 X HAL = KITRARICIX, X VTt S Eg B 1), b2 5 1 AR R 5 e b A s FIAE b s v, 1 X3
(L 145 4b), FEKE TIERE . INKE M2 LA S5 2 B 2 1 (1214, 2013; Guo et al., 2024), ~F3JTHA
2559 0.50 km?, HEEZ AT 152352 S3 7 X (MUEE AR me ) HUEAH X 2%, H 5 AT B AR A8 K A A AR S K
s BRUAE K EEGESE, WL 169 4 SFIIHEIAZA 0.34 km?, HEEEAT 102352 S4 43 XA TRV I,
DATR. VR EEHUZ N, T2 0 A AR ZIYE A - Wb S5 85E J2 (AT d 48, 1986; 45°F-4%, 2016). %7 X LK H
1Y 141 &b, FITHIFZ) 0.56 km?, 3 10225 BRI S, LiF S1 /X a2 . AR K B R
BEs e S2 5 S3 2y XM A K G AL, {H S2 4 KW BT ARAR G FOR s S4 3 KIE R & Mg 3
& 5 R 2%

TSR IR B B 2K B 98 5 Pa i FU e e R R B ) A S S MR A I OSBRSS i g S



WG s 5 RAZ ISR S HER A TEAS . 12503 42 (5000 Abi 3 it 78) 3 LI T 15 7 W B I AR N SRR AL A 18
I HFRR X L I8 B R AR X A5 SR TR S e B Va4 A SOk BTk B AR SEUZ B AT IR UE S A AT .
WG si 7k CAE T J . 2 S A6 2 AR5 o s XU X A3 3 )2 36 0E 5 B2 (Feng et al., 2024; Wang et
al., 2024; Xue et al., 2025), #(#& Lk Shapefile B X AFAE, BE A BE. HWHERBEGEE, NEEIEHE
TEGeTH oy BT i it 7 ] SE LA

BEAL, AR IR IR IR A iE N AT T, SCEEHES T 10 41 GPS £ % 2% & (Wang and Shen, 2020). 50 41 7= 4
ML f# (Luo et al., 2016; Heidbach et al., 2018; Yang et al., 2018, 2024) LA & 24 #H 52 5 /1 %3 (Xie et al., 2007).
GPS v 7 2K 5 FH FE IS LA A S WP B K A28 7 R AR — 3, B 2 ARVE-—F AR 11 (B 1), 3X 5 5 R 2 B 2000
SRR IR IE B A T e A I A — 5.

2 JriEBR

iy 58 R 77 32 ph M 5T K2 Bl e AR R R i B 7 /R B A EL A B & i (Zoback, 1992; Zang and Stephson,
2009). LEREKVHIGEIB BN =PRI TIK EACAE Steery N T H FEEEMEEE IEAX S, BEIEHE
(VR RHE T 18 IR gk i SO, Ji5K &, A0 Stopoo DRI,  RHBE R BE SN I IRAS AT AR AR A T 2 (L)

O3 Opp Oi3
O =|0, Oypn Oxn :STect+STop0 1)

O31 Oz Oz
N E BT R EEE IR IR LS, SCEEE— DT BT KRG R R B3I R 1) 1R 8 AR i (9
FAE A Stect A1 Stopo)s LA BT 38 A X DT MR (FH 5< 7772 C 4% A Ren et al., 2026, [ faj iR H 3 L 8).

21 MIENHITKE (Srec) T E
SCEE R U NIRRT, 2B R\ 3 I 7374 PR 17 B8 L R B B KK P 2 F7 S Al /N KP 32
73 Sh, FEAMEARAR 2T 7KV AEIE L A7 5K 7T 7 FE ()40 -

S

I

0
Sh

0

)

Tect —

o O
o O o

AN Su=Sn=VI(1-v)Sy, Hrr Sy NIEEN /(LA A EERETD, v AR N 7R SEhrill
LR (S > Sn), Savage et al. (1992)if i %5 fE/KT-J7 A f1/INAE T B (B KK £ AR en AR/ N KT £ RAE en)
BIET Su Al ShIRIL, WL (3):

E \Y;
S, =—— (¢, +V&, )+——S
H l—VZ( H h) 1—v (% (3)

E v
Sh :m(c‘?h +V8H)+ESV

Horp B usm A e aies, SR Sw A Sy iR/ 1 B2 5 MRS R E (9732 4k (Sheorey, 1994), 1 SEAFBIT FL 75 e
JEAR B R Z A5 R 73, Xu and Xu (2024) LAJFA 7K H 3502 IR B 48 54 2 B KoK 2 5 /) S



R IR O HEA, ST 1L b SRR & E BESLER R A RUE IR, I en= ven 3 — P BUNTTRE(4),
ST BRI TERAE en HME, AN BRI FT S il IX IR BE AL B HLAR 5 ST, B KoK 22 M
AR eny AE DR RS REE (4104~610) o T IEEE T B RIK P T NEAR en, T RAK AR (K1 S350 S 2 ) K
DX FTE KN o

1+V2 Vv

Sy =——E(@.P)g,, +—5S,
1-v 1-v @
2V Y]

Sh = 1_\/2 E(Q), P)é‘H +ESV

Xu and Xu (2024)F5 t}, e A #AER R E BEFLERAR o ML T P 224l #AERE E /T LA GPa #1111 GPa
AL, R 1km~2 km RHIHER ES % HL) 20 GPa. & PEFIFEX IR E iR, HIu o Al w W
HATRERCE E A BILBRA ¢ 1L, 7E)1 GPa 31+ GPa i [ s (B 45, 2015). ZER| L HES
St ROALE S TR, BB/ HALBRRECR, #eRM 17 10 GPa {8t RS B EH . AN, ATt
TERRRBUR XIS, R — D25 18 T IR S AP XE A R E HIFEIE:

AP =vpgAH (5)

A p BoRa i, 9 NEIINERE, AH Fon it 555 10 28 BLYS B X i e m 2 T AR . ik, ke
AP ANTTRE@) P E A A R R By ORI ST Sy AR/ N EE R T She

FOR, TEAJR AR R NS R KN, 58 e e K 2T Su I 1A (BR 7502 A o) o R IR AR 4
SR (ESE, 2012)3K 8, GPS igghkat. BIRNLHIM T M AVIG, Sk RA6TE—R AR 7)o T o Sl s
FIW 5 5% JR il ik M AR T4 (Liu and Zoback, 1992; Zang and Stephasson, 2009). 52 KR i s 1l Ik A1
A R MO 2, SN R T A BRI N AR B . BT OR B B2 IR R R RS
L Feis s L FEF N, NEMFAEX B E R ST 5, CENERHIRZRUN J718— BB GPS A
REAENMER 71 . #il, AJRAARR R T ISR /T 5K & Steat AT HH 77 F2(6) KR :

S, 0 0 cos o sing 0
0 S, O|e| -—cosd@sing cosé cos sin(a,, — ) ®)
0 0 0) (singsin(a, —a) -sindsin(a, —a) cos(a, —a)

Horbr, om 245 SHHITTALA o Skl Sn 23 s KA /N KV 2 8 TR o SCROR A8 I g BT 3 1) 14 73
B RNCAE Srect, B HRIKF TR T Sn K Ay e/ NI KT RIIE B AT Srect IR B RARL, I AN B KK 32 B
71 SuAEHR IR, R S EORKT R ST Sh e S BRI A KT RIE L FT Srece IR /MEL, BN B/ INK
PR ST S AR B . e S TR E R ORI AT IS R JT RN Sects TR TR Stopon G Ly I
0, LA I SRR AT Ot BARTHER, AR bR R T, KA HER 408 145 m () DEM
B AT S R PR S RERAE s W RS T T S A IE I 775K

2.2 IHRIR R I RN FI5KE (Sopo) 1T E
SCEHHLIE I 35K Sopo T AUAE B EE AR F P AL T M T8 RE D7 1R RS2 A 7K o 7 IRl s 1) T K/ 9 R
IR A T B RORE . B, HOR/NS RSO L AR 6 AH5C, WO RE(T) PR



S, =pgLsin®é ©)

Topo

Hrp, p Rona g . g NEJINERE . L RRBMIHIESIS, 0 Rt Mt e .

TH5RHA] 145 m [H)E DEM #df, #&7 Python Zife, BAATHERREWT: Eoe, ¥ DEM BN e
E R E RS R DA RO G, Rl B P8, ALPYANT A <R s A g e 1 1 B (i
HNVz, Vw. Vx. Vs), E<<10 km JufEN, #EADTTEZE AR, R SIARAN LR BECGERE S SRR
{8 XYM ABh &40 58 S e () B AR a5 2% e Borh, SROBERIMEL S & U WIS ki 18] BE W 93 FE PR foe /S A FE
N TAZS N AW 35 Dy 05 SRARIRE X WAL (L35 - i e 9% 22, TR0 TR UIIVA 45 B 4 45 SR AR i 5L
A RS T AT — AR AR X, W R I DI s A

DA 28 9, 1508 a SR FIEERE b i, ab RS MBL S, BRI, SheE%, o, &
AT b Ak X, RN FA Y, H5 R 15 1k IR ab [ REAEAIZ T [0 . IR ¢ AR 248 b
a5 S a EER AN T S, WROAHE AL B (F AT R 22 X ) NSRS i I 2 1
PR, FIERE: P K P 700 m, WE IR, R PIE B AE BT SRR AR A2 R
Bl 2b JRoR T & A P B I R IR b AR, & o ;SRR S SR Bk H P IE R, 4k siag
RE d FUEIHHUGEN B, BiJRESE 500 m(5 AN FKP R, & e AN H G S, #R
f#ik, BREAN S X T RBBETHHE nliw), ik 2¢ fos: ¥ o mimfERty, HE SR d fim 2z
o X, WHEZRAE ¢ Mk, BKidh s2.

S —|

a\)
a b 200m A\

e o

‘ \\\\%/7/\%\ ¥ H‘c:ﬁcﬁﬁﬂcl

|

He:BcR E ’

He-
Hb:Sb# B P
S | "b,_ 1 \Iﬁlﬂﬂ {ul T TN | O I L | ||

a— R S SRARRIE X; b —E A THBIWEAIK R, c—JGBRETHBIE I T+
B2 AE. AKITETRHE

Fig. 2 Schematic diagram of thresholds and slope length calculation.
(a) Slope threshold S and abrupt change threshold X; (b) Calculation of slope length for terrain containing flat segments; (c) Calculation of

slope length when encountering an abrupt steep rise.
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(a) Real terrain DEM; (b) Test results of slope length vector calculation.

Yellow vectors: simulated slope length vectors.
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the curves represent the variation trends of R with L under different conditions.
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Fig. 8 Schematic diagram of distribution differences for S1-S4

(a) Schematic of landslide length probability RL versus slope length L for landslide in S1-S4. (b) Schematic of landslide probability R
versus the topographic stress proportion Propo.

The curves represent the distribution trend of landslide length probability (RL) with slope length (L).
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