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Fig 2 Temporal Variations of FVC and NDVI at Hong’ a0 Soil Dump from January 2014 to October 2015
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Fig. 3 Amplitude variation of SAR images of Hong ao soil stockpile (Blue line: puddle filling; yellow line and arrow: evolution
trajectory of terrace TO—T6; red line and arrow: direction of filling center shift in T7—T9)
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Fig.5 Distribution of LOS deformation rate at Hong’ ao soil dump from December 2013 to December 2016
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Table 4 Statistics of LOS velocity for slopes at all levels

/(mm/a)
buk’1 ¥IE p PR S RAE f/ME i Vi IR
S0 19.2 15.6 55.2 -26.1 -0.165 2.57 hET T
S1 17.6 12.9 60.1 -21.0 0.150 3.20 T T
S2 13.8 13.0 64.3 -29.6 0.150 3.40 B
S3 7.1 13.1 56.8 -32.1 0.152 3.24 BT
S4 5.0 13.3 51.9 -29.0 0.340 2.90 RoE—
S5 8.4 12.2 46.6 -23.8 0.385 2.83 BT
S6 12.8 10.2 42,6 -16.0 0.043 2.87 BT
s7 1.2 133 443 -38.4 -0.182 3.10 B
S8 8.4 12.6 44.7 -40.7 -0.000 3.10 B
S9 -1.6 12.6 44.6 -40.4 -0.04 2.9 FaE—
Hpk 7.4 14.8 64.3 -40.7 0.067 3.10 =)

TR IR , K ARTE(0,5) [mm/a || T AR IR ATEALHORTE (S, 15) [mm/a | 28] 1 T ARGERXIBIE AR AR T 15 mm/a.
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BNV WY H, BEEA (S9) HEK LT+
Ky BL4E, [RIFS3 5S4 Z ] ISk T2, Rk
TE SR R BB B S T bR i Bl . X SE IR 5
InSAR Z5 53— SOl 5 J5 & i F- 3 R 22 57
iKFN 21 mm/a, ANEPJEAELG| KPR S3—S4 74
AR E AR AZ M, IR M2 4R T 28 i i Ry
ARVE P2 10 mm/a (Y JEAS 2R 22 57 80 S3 5 84
ZIIFFRE; T4 5 BRI -30 mm/a.

(1) 20144F 6—12 A, HEI EZE DA TS
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B 548 TR N B, R BRI NEN KT
I8k .

(2) 201541 H—5 A, A HRK 1.2x10° m*/d
(DEM 38 E3150), XF R InSAR Wi 2% 5 v S9 [X s,
P WRUTFEIE (M -10 mm/a i1 ZE-20 mm/a),
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] MIAE, MRS M P S 3505 H AR AL SR PR (B
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Fig.6 Three—dimensional schematic diagram of deformation at the Hong” ao Soil Dump
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Table 5 Deformation along slope aspects

Bt e W JEAS /mm
T1 36.4
T2 334
T3 13.5
T4 9.5
TS 15.9
T6 243
T7 21.3
T8 17.1
T9 -3.4
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GRS, WImE s T 20154
8—11 H, FEIEHAXRSE, WA AR E W ;
20154F 11—12 7 (£ RLRHE) FfiE S8 7 -4k
PR RN HAET, RS IR vikE, bis
NP aa

gk, LG EMED T s —
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PR ERGE T . TRIE ARG TR R AL .
5 WA VAN

AR SCHE TR T R S BB R AE Massflow X
P I e T L M - S v S BB O L, 38 R
TR R HEAT IR B 7 m R T A, 78 AR RS BH
JIRERI 2 JEALBRK R R A, AE B ACR AL
SR S T B A

AWFFEAE A T Ouyang 55 (2017) 195 m 43 9

K DEMAE R JE IR e, DL RT3 3.5 m 43 HE R
SFS DEM 1B 018 3 & AL R Hb 4 . SFS DEM F 4R
HD T S0—S3 AyER 4y, (H 2 R E W B
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2k DEM B Ml Bl G — | b BEECHE . S m
Oy CRAE | IR A A, A 200 A
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ARG I AT B A SRR G AN 2% 6
FimRe o FL0sE + 3200 2% A LUK ER ™ A
SRR, ORI G IR RS SR, fER
B L, BURKAHRFITF4% ) (p=1800 kg/m?),
ML H RSB BAFRIER T (c =7 kpa)
FINEESRS (0=14.5"), FLBR/KHEZREA WI7E0.3—
0.8 Z [AEAC T LIRS B LA R, I ERHK
ENS0s, FEZEFMME TN,

®6 SENEAPAYETIFHN T EHSHCERE

Table 6 The range of soil parameters in the Hong ao dump in the reference literature

SCHR U % ¥ pl (kg/m?) HiZR T c/kpa PR EE A1 0/(7) FLBUK R EN
Wang55(2017) 1500 7—10 14.7—17 /
Ouyang 5$(2013) 1790 31.9 0.75
Yin45(2016) 1300—2000 7—20 14.5—24.0 /
i1 (2018) 1620—1920 3.6—13.4 14.5—22.0 0.5—0.8
KR (2018) 1440 10—21.6 24.8—28.7 0.39—0.91

TE s AR AR E SR S ALBUK T 248

FERILES b, W IR KR 5t i sl iR
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Study on time-series monitoring and sliding mechanism analysis of the
catastrophic Shenzhen Guangming landslide via joint radar remote
sensing and numerical simulation

QIN Xiaoqgiong'?, HUANG Jianming'’, HUANG Yuanjun'’, WANG Chisheng', CHEN Xiangsheng'*
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Abstract: Aiming at the 2015 catastrophic landslide at the Hong’ ao Dump in Guangming District, Shenzhen, existing post event studies
have predominantly relied on optical imagery, field investigations, and numerical simulations to analyze causal factors. However, traditional
creep survey methods (e.g., manual monitoring stakes, inclinometers) fail to capture high temporal resolution deformation data for sudden
landslides. People’ s understanding of its deformation process is still not deep enough, especially the early stage creep characteristics. This
study seeks to address this limitation by comprehensively characterizing the full disaster incubation and evolution process especially the
presliding creep and its driving factors of the Hong’ ao Dump. Radar satellite imagery (35 COSMO-SkyMed images from 2013 to 2016 with
3 m spatial resolution) with all weather and high revisit rate advantages was adopted for time-series monitoring of the Hong’ ao Dump,
covering the entire filling stage (from 2013 to 2015) and post landslide recovery period (2016) Combined with Small Baseline Subset InNSAR
(SBAS-InSAR), Shape From Shading SAR (SAR-SFS), and a depth-integrated continuum model, time-series analysis and numerical
simulation of surface deformation before and after the landslide were conducted. Specifically, SAR-SFS derived multi-temporal Digital
Elevation Models (DEMs, 5 m spatial resolution) which helped restore the presliding creep process and reduce topographic errors in
subsequent simulations. Based on optical images, we calculated the Normalized Difference Vegetation Index (NDVI) and Fractional
Vegetation Cover (FVC) to delineate the dump’ s filling stages and verify the engineering operation timeline; The depth-integrated continuum
model coupled with the Coulomb model was applied to simulate the fluid state of the high speed and long runout landslide, with the pore
water pressure coefficient (L) iteratively adjusted within 0.3—0.8 to match onsite observations. The SBAS-InSAR analysis showed that the
study area’ s surface deformation rate ranged from —40.7 mm/a to 64.3 mm/a, with significant settlement concentrated at the S7—S9 area
(landslide trailing edge, accounting for 32% of the total dump area), where the maximum settlement rate reached —40.4 mm/a, and two
obvious acceleration events (October 2014 and March 2015) were observed, coinciding with the two fastest filling phases (1.2x10° m*month).
Numerical simulations indicated that when A reached 0.6, the model best matched onsite observations: The sliding mass above the slip
surface had a volume of about 3.60x10¢ m?, a projected area of 1.03x10° m?, and a maximum filling thickness of 62.7 m. The landslide
exhibited strong fluidity: The main sliding phase completed in 50 s (average speed 18.2 m/s), followed by 120 s of residual sliding,
generating a collision momentum of 114006.3 kg-m/s, which is far exceeding safety thresholds for human survival (1200 kg-m/s) and
building structures (44000 kg-m/s). From the dual perspectives of radar remote sensing and numerical simulation, this study identifies the
coupled effect of excessive and rapid dump filling (filling rate 0.8—1.2x10° m*month, without adequate compaction) and elevated pore
water pressure (A=0.6, reducing soil shear strength by 35%) as the primary cause of the Hong ao landslide. This work verifies the effectiveness
of integrated radar remote sensing and numerical simulation in monitoring dump landslides, and further provides critical insights for
predisaster risk assessment and early warning of similar dump sites.

Key words: Guangming Landslide, SBAS-InSAR, time-series deformation, numerical simulation, pre-failure creep, landslide mechanism,
risk analysis
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