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Abstract: Objectives: Due to the characteristics of red-bed landslide, such as strong concealment, high
suddenness and complex formation mechanism, it is difficult to accurately interpret the landslide by artificial
ground survey or single remote sensing method. Methods: Taking Kualiangzi super-large red—bed rock
landslide as an example, light detection and ranging (LiDAR), optical remote sensing and interferometric
synthetic aperture radar (InNSAR) comprehensive remote sensing technologies are used to accurately inter-
pret the comprehensive four-dimensional characteristics of the three-dimensional spatial form of landslide
signs, the horizontal direction of landslide and the spatio—temporal deformation evolution law in the line of

sight direction. Results: LIDAR results have interpreted 33 landslide boundaries and cracks, 5 drums and 3
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collapses. Multi—temporal optical image data were combined with high-resolution digital elevation model

hillshade map to capture the deformation and displacement of typical feature points, and interpret the spa-

tio—temporal evolution law of the study area in 53 years. The maximum horizontal displacement is 40 m,

which is located in the middle of the landslide. The InSAR technique of small baseline subsets and inter-

ferometer stacking shows that the central part of the landslide has been continuously uplifted in recent

years, and the maximum uplifting rate is 55 mm/a. Conclusions: The research results can accurately inter-

pret the four—-dimensional characteristics of red—bed rock landslide, and provide guidance for the identifica-

tion and prevention of landslide disasters in red—bed areas.

Key words: comprehensive remote sensing; red-bed rock landslide; four-dimensional characteristics;

Kualiangzi landslide
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Fig.1 Hillshade Maps Generated by Different Solar Azimuths

() E R

/‘Jﬁ"jﬁﬁf—f

/Eéﬁ?ﬁﬁ’é’fg

100 200 300

’%&b - 1 25 /m
(b) V5L Sieit

(c) VIR G I 2 it 1

2 YR GRS
Fig.2 Identification Mark of Landslide Trailing Edge

420

0 20 40 60 80 100
25 /m

0 20 40

3 1A A PR R
Fig. 3 Identification Mark of Landslide Crack

U 5 (3) 38 e 22 ol 9 39 1) 1o 2 R ), 38 e A
HHES e I R TR i B S D F S R = R AT -
9 B B2 1 85 JEE 4R AIE

BT 2% 55 435 DX 3 S R M) T DX R A A
PG r BRLURR AR 2 A7 W, A 58 00 5 iy 5 7
5 B R B9 3B G B B T B B I I S A%

7, X)”,T\I:b‘ji%ﬁliﬂﬁﬁ/ff Tk, W) 20 i 1 i BE oL 0%
B IX, E— 25 30 5 SR b R AE (1] 5) & BE « T Bk
i"‘iaalzhiﬂﬂﬁ}'—ﬁﬂi/‘ﬁ;@ﬁiiﬂﬁ}ﬁfﬁﬁﬂﬁﬁ
#,f"“iaaE’Jﬁigﬁﬁlﬁﬁ“ﬁ-i&F"ﬁrﬁ(i’@%@ﬁ}u{ﬁ
&, B G2 4 W I DX IR R B R — B R . 2SS
X 38 S0 BURFAE , AH R TR K AR VS 4 IZilﬁ,i%faaIZ
Sl g PR A R RLR L L X3 2 A O

480

E 440 \\J/\\\

EH'H
£5400

360
0 200 400

|

200 400
BB /m !
Y ﬁ%i_l:iﬁ

K4 SRR X Eﬁ’ﬁﬁ? Tk
Fig.4 Identification Mark of Landslide Uplift Area



1408 ROBK 2 4 (fF B A D

2025 -7 H

=

(a) AT IRX
P50 i DX AR R
Fig. 5 Identification Mark of Landslide Front

Collapse Area

23 ZHRERG+DEMBEFBHFETHAME

fF 5% 5 8 - OB A8 D s AR T LA, SR T Y
SRR AL A  BTHR T AR BUAY 1968 4 M 1 43 Bt
R 2.7 m A AR, A O BR AR B 2003 4F Hhy
T 73 HE 4 0.27 m 2618 158, To APLR U 2021
AR Bl X B R B BT OF 3 52 14 (digital ortho-
photo map, DOM)) fI DEM (II{& B &) .
231 SHAABGAERSE

W2 2B S DEM %4, /3 i
TSR T A S AR TR AR A O ER B
18P 2 KA R HEAT 0 R Rl b 3

D g P, Bl T AR — =B aiE
Z A~ B, B — A I S B ) TIF SCfF, Bk
AALEAR R, LN SR 2R A
AT PF 3 b B, 52451 DR 2 R H Photoshop % T
AH AR B R 2z 18] 8 X Sk A7 DG 58 B . A WRCHD
BRFAZ B9 BFE R FH ArcGIS #4458 1

2) MU BREC o . R TR AR AL E R, A
b RS AR AR A AE — 2 7 B 22, 52 A8 b 3
HE T AE R ArcGIS 80 58 1, ¥ Br 1 s R i &
B A — A bR R T, 38 2 2 B T I % A a5 LT B AC
SRR Gy R A AR AR ) X Sk A o A AT I
H T 5 D3 mT R e L 0 AR TR A B A
O A7 50 4R 4F , X 3 i TP 1l 30 A8 A 55K, A S A
B3 55 W52, SR FH A K Hb 3k AR B 2003 4F T2 52
12 ML LIDAR R B DEM A= 5 i 1 44 BH 52 &
ity B 97 ) R TR

3) B HR T AL B AR I BT A TE o i A b FE G 7
S5 R B AR 5T DG LY SR TR AR AE
ST VAT A VA A AV VAR DX B R A
I T R AR B KR XS s 22 B m . U
1968 4F- i IR T & 28 Ry 9], I 4t BF 51X DY o] A AR
JE Ll b X % B, T B i 100 m ™ A 1 45
237 29.3 m, B XA 22 7 ¥ 8 08 7 467 £ i
RIFRSE, 2928 9.5 5 0 3 IX 8k 1 A8 I | 7E 58 ik
b PR C ME JS A 52 AR b k BURRAE 53, B DEM 3k
TBURRAE A X8 IO ) e R A R, AR AR DX B 5 22 1 A

B B A 52 BCRE AIE AR IE 9 A% GE I Pk &2 #) OE 1
i,
2.3.2 HARAFAE S KB

I — ] SR A T Bl X3 BT PN B R
fiE 3, I 2 FROZCRR AR 50 7E 399 52 15 Hh 0 A 7
B LA T i O AR LA . AR PR BTIR TR R
HURY) 1968 4F 52 1% (& 6 (a) ) 4% K M Bk 3k By
2003 4F 2 AR (K 6(b) ) (JC A HLAR HUAY 2021 4F IX
BIE SRR (B 6 () it b & B, 1968 48 7 s 52 4%
B 7 T A AR, 8 T L UL 8 T A DXl )
TEAE B o 2003 4F 52 AR 0E B 3 7 R BAR, BRI B 5
G2 kB R T B B DA A, At DX e A
A BB R BT R MR B . 2021 4F IE St 52
508 B 2 5 AR BRAE W BT & A2 A M AEAE
B0 ISk B L DL A, Al DX SR B R R R,
ML O (5 B .t T8 HR T2 4 A X
A, DX K Ml 3R B BT AR AL K, A S AN [ 1) S5 AT
UL 3 J A% % RURRAIE o5 B0 A PR, i DAV A S
W3 e B AR AR O o R JH LIDAR 2R 5K 55 b
AT A5, 2 B i DXl L A B S I (B 6 (d) ), AT
Fi WL 2% LAY b T 5 R S, AT R DA PR B
A 5355 45 PRI e ) [ T

X O 2 5 AR B RR AR A, R AE A — R R
FEA IR GEAR T 08 22 30K W I A 2 345 Bl
A B 55 A o U B W A 5 X
BREAE 25 0 BB R B AL REFE 1 LB 30 B Bk H
MO 2E B AL L GE B S R X (K7 (a)
B 7(b))s

IR LA B 5% I S BRI o5, E R B A
WY S 5 AT A 10 B SR A SR S L P 0N Y [ A
(E7(c)~T7(e) ) TE/NE FLEA B b B 28 Y X
B, AH G XSRS AR BTG 22 R ARK
2.4 InSARFREFEHF LOSTRME

SRR X HIERRAE  EF R 15 A B A
M FL 42 F ik (synthetic aperture radar, SAR) # 14
B 4% 2018-01—2022-03 21 122 5§ F B %%
i o DEM SR H Hh H A 25 7 Mk 48 R 5 [ 25 A
K Jai B A WE ) I G 2% T8 1] 2 AR 43 R A5 (8] 43 R
9 30 m i ASTER GDEM %4 JH T 2 B Hb JE 41
B BIUTE H i R FORS %% 8 B0 D B8, T 1
YA G BT B IE, KRB PE R ZE AN
A0
2.4.1 RIRAMAE EFEHH

M T InSAR 3 AR XE L& F T i A8 9 7 55 b
DX 14 B TR 5 W PR R ST XX sk



%5 50 B 7 ) T 25 45 « Z545 18 JRONG 1 gk 1R 20022 2 JOT 0 50 DU A4 R < DA 52 7 0 O 4 1409

(a) 19684E X 515

(0) 202 14F X 430545 (d) 202 14EDEM(IL AT 2 )
S E e I e U
K6 Z ISR
Fig.6 Multi-temporal Remote Sensing Images

lo6siE Y
&

\Cr ,
2 2\ i ‘
| 20214E5 pt 20214EDEM(1LIABAZ ) AN il
(b) EHKAZ X (c) BRIE =S (d) Lo R [l

» 19684E 1% _
(e) BEMRHEAT i

7 Z WA f8OM DEM $2 IR IE
Fig. 7 Extraction of Feature Points Based on Multi—temporal Optical Image and DEM

— b 8 #% 78 20 (normalized difference vegetation SBAS , Stacking i} J# InSAR B2, T % A [7] A 8%
index, NDVI) (& 8) , i i Xf [t X 3 NDVI #1 FEECT 19 InSAR BR 19 B8 AH OG443 i



1410 ROUK %R (B B

2025 -7 H

¥ InSAR $ AR 75 A [ #1956 1% &l T 19 35 1 A%
B, A InSAR 7 = A 4% 7 o b DX HE AT B U 5
WS o Mo XU 4 T 2 p g 7
HE M, EZENDVI N 0.47~0.89, ¥ 1H 1 0.78, )\
Ay A G KT W G 0 bRl 2 ) R bk R A
ik ,NDVI Jy 0.47~0.89, ¥ 3% 4 M ()& & ) At i
A  NDVI R 0.71~0.89, %4 Z NDVI K
0.33~0.9, ¥{A R 0.75, 75 1 3¢ Hh 5 48 1 7 o6 )
6. X HEE &M NDVIE I, %0 I X 5H 4R
W 35 B s O NDVIEE KW KT 0.7,

NN
(a) 20204F 5 2
%E?ﬁz?‘a%ﬁzfl_ —1 e sul s

R (b) 20194E&ZE

8 HHFEX NDVI
Fig.8 NDVIin the Study Area

2.4.2 B InSAR % 2

K H SBAS ., Stacking W # i} J7* InNSAR J5 %
HEAT B0HE A B, SBAS &N fif g 25 4 T ¥5 )
(differential INSAR, D-InSAR) J7 i th 2% [i] Jt 2%
USSRy = e I RT3 s o D T S
FHOCHE B AH T B bR &, R A B/ e 3R AR A0 T
H br S BB P IE AR 45 L . Stacking 4 Ab B 5 745
JEHET D-InSAR A BT 95 K S5 3L, 28 3 i 400K A
A IR 3 i, e 26 35 BU M 36 0 T A8 3 S 45 SR
HRAE PRI ¥ InSAR 45 R 255 43 B, 90 20 5 42 i
FE InSAR $ A 75 BF 57 IX 800 38 1, 1 1% 13 99 90
H LOS AR JE ML

3 BRTRBEUETHEFUESES
S

R 1 &5 B 18 T AR ORS o i R s R T R KO
C1 2 4 M WO T LOS Iy s A8 I DU 4R AE : Li-
DAR fift 35 ¥ I 08 Sl SR AR 1E , Z IR S =
K DEM @it & 40 B7 38 3% 53 a K- 2898 i) 5
InSAR FLARKG HEE IR B LOSBIE .

31 BENREBIFELER

LiDAR 45 5 (B 9) W 7n 1 3% K 29 590 m, 98
251 170 m, 1 K 0.62 km?, B 15 3 5 2 47 B
R B, PR K2 975 m, e R FEJE 299 193 m,
29°0.15 km®, TH 1 1 34K 24 4% 33 J% , JL it ) 2
BE 27 %% YN Im BB 6 S, ISR X 5 AL, i KRR
X3 E R 6 160 m®, A7 F ATk P A, R/ R
XI5 TE AN 2 120 m®, A ¥ A 2 v R A2 M
Vs hm 34 0 T BERT S A, AR 2 36 327 m?,

JEGAIIERE TR o BTSRRI
A — BTN S — L« KA

K9 F5OF I LIDAR #1651
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