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Abstract: Objectives: Earthquake events can easily induce or accelerate the landslide failure. On 18th De-
cember 2023, an Ms 6.2 earthquake occurred in Jishishan County, Gansu province, with a focal depth of
only 10 km. The surrounding landslide disaster—prone areas are faced with great hidden danger of sudden or

advanced failure, and it is urgent to conduct rapid analysis and assessment of deformation in prone areas.
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Methods: In this paper, the global navigation satellite system (GNSS) and accelerometer real-time observa-
tion data of four landslide prone areas at different distances (64 km, 111 km, 140 km and 240 km) from the seis-
mic center, and the damage effects of the main shock and aftershock on the landslide were comprehensively
analyzed with precise point positioning, real-time kinematic, GNSS &. accelerometer adaptive coupled
technology and wavelet transform. Results: The results show that the elastic displacement of 1 cm and the
permanent displacement of 0.5 cm aredetected in the Heifangtai landslide, 64 km away from the seismic
center, while the obvious impact responses are detected in the Zhouqu landslide, 240 km away {rom the
seismic center. The vibration frequency was between 0-10 Hz, and the peak acceleration reached 0.035 m/s?,
which increased the risk of landslide failure. Conclusions: The displacement and vibration effects of the
earthquake on the landslide are mainly concentrated in the horizontal direction, and the vertical direction is
not significant. It is suggested the landslide disaster—prone areas within 64 km of Jishishan County should be
investigated and evaluated as soon as possible to prevent secondary disaster damage.

Key words: 2023 Jishishan earthquake; far—field landslide coseismic displacement; GNSS; landslide damage

assessment; landslide hazard areas
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Fig.2 Coseismic Deformation Displacement Time Series of GNSS Monitoring Stations
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Fig.3 Deformation Displacement Time Series of Heifangtai Landslide Before and After the Jishishan Earthquake
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Fig. 5 Deformation Displacement Time Series of Shichuan Town Landslide Before and After the Jishishan Earthquake

| I | 1 1

o2 o qj‘) 59 QQ O

Q N N \
W o @

i 1)
(a) QHXN(KA114)

F6 Flailiim=E

N/cm E/cm

Ulem

0.5 F :
0 N bkt T Viboay
05 L i) 1 1
L
05 i
0 -M
05 F=1 1 1
!
05 :
0 1
-05F

. fﬁq @“

W N N \
W o o

I )
(b) ZQAL(CK/N)

-0.5

o2 o qj‘) 59 QQ O

1 | I | 1 1
Q Q Q N
NSy

it [a]
(c) ZQA2(K/INE)

H 5 P T R AT V8 0 ORI v 3 e o % A8 T M £

Fig. 6 Deformation Displacement Time Series of Dashigou Landslide (Xining City) and Daxiaowan Landslide

(Zhouqu County) Before and After the Jishishan Earthquake



%550 &5 2 W

B SCAE  H N BT LU Ms 6.2 3152 % 3 3 B i IXC R AR T 52 Wi 4 A 229

PERSARTE (W ST 5, Ik M R ] R 2 il H R
BRI AL A I e R R KU o 55—
I, WETE AL R 7 91 ok, 20 78 X 52 5 64 km
DLAM 08 8 3 5 e 25/ N AN 23 A L R AR U NI R 3
X B e AR AR I R AN S A TR R . H AT
SR BE 22 ol /N R Bl 5 2 M0 I R 300 3 P S
JO AL B A5 b S8 N e PR 2R T I T 320 38 4
WETE R . I Ah % R F] 64 km W W7 7E B35 10 [
TR ASIE T 111 ke A (1% ¥ 33 28 T8 A6 B AN B i
PR LA T T B BEOPAG T B AR E R IR 64 km
YRR, JEAE IR L3l Sy K L

3 ERMREXBROBIREX
o #

30 BT RN S S 5
7 R 75 42 W A R K B s DA

LS A T I R T S 7 0 5 R X B
M), AR SC 2R FH GNSS 82 B 22 43 3 R A GNSS fi i

0.02
———GNSS B
——— GNSSH# v il A fif
g
o 0 ‘
Mw 6.2F /&
23:59:30
-0.02 \
0.02 —N\
=
> 0
-0.02
0.02

U/m
&

?ﬂj Q

s A6 N N
rfai"obfb q,”a'?’g.\ QQ.QQQ QQ..QQ-

fik 8]
(a) WAL

-0.02

JETF Rl A B TR H R kol BBy & HEO3 Wi
BRI [E AR = AR AR )T A, i E 7
TN o IR ME N A SRR 2 64 km, M 23:59:30 Hb
o R I 7 AR B OR A T AL R 25 s, BRI AR IE F 4
1E00:00: 00 B} Z ¥ 44 Hy 30 55 35 7] 52 0k 5 , #5322 it
)29 12 s, I B &AL E AN J5 16 20 51 7% 4E 29 5 mm
)7k AL RS o R B2 7 1] 19 GNSS 28 JE 7 81 9 A
2T Rl A SRR RS W E A RS T 1 em, X
Al BE 2 P GNSS ML R AE R (1 Hz) 321K, X
DLA 2k B 72 5 1R i 3R s A B AR . A
WEGES I LA, SR A IR ERE LA 29 s
J& , HEO03 A7 A 1 i 3 B i 42 20 7 9 e i
R S, #2910 s J5 ELN LU 34 J5 1]
B B I8 B WA, 20 ik 8] 0.83 m/s%.0.79m /%,
0.46 m/s”, JFFFEE 2 4 s Ji TR 4 208, 1 5 18 i fa
FHaE ,80 s A 47 FE I B W ik 2y o [H 38 3 i
AT DAL 3 B A S A R S T AR E S W E
AT 8% 3 v TR, DR b mT LK Ry 58 %
T BT B T RR SRR R IR

1.00
[—IEEES e I RAENZ
2 | s
S :
-1.00
1.00
5 0+ e
z
-1.00
1.00
£ o .
=
-1.00
~L N ad
& Q- W\
ff)"s QQ"Q QQ'-Q
58]

(b) Ik A5 75 A

7 F R HFO3 W I i 3 3 A8 08 2 3% F0n 3 245 = )3 971 141
Fig.7 Deformation Displacement and Acceleration Signal Time Series of HF03 Monitoring Station During the Main Shock

PR R R AR LTh, AR R E T £
WRR ARG T H P 4 WGR PR R E
& 8 B TE AR W], GNSS Ffh & 5k 345
9 3 3 AR AR T (688 7 91 3 B0 B, A GNSS
FPOIAAEAE M 22 (RS Sk e — e R AT
REES I -1 RCR o A Rb A 307 58 1 A2 1 7 91 K-
J7 B AE 0.5 e JE I N B8l , MR D7 [ H7E 1 em 3
Bl N8 3l O LR AT BB A% i i A 3 R
feo NI RS HEE bR T, v BoA 0 i ik i
JR AR T R R T T 28 SR S e A0 A 3 A5

SR M 3 S BR_EATE AR T LA RURR ) Hb RE U ) L
S5, AP 9 BTN, A T | A U s e %
T /N ABTE 00:36:18 4.0 A RE ] ,E AN J7
AT 2 v UG M 1 0.04 m/s* I s, BRIk, R4
R R I A AT B AR R A SR AR 1Y
B/ IN = BhAR K T B X 11 e 0 398 A ol — 2 )
[ei) B, A S0t B A rp 240 ke 9 HOR A K
NV T B A B GNSS /B JE 3 4 W T ik
FZQA2 it REMWE B#EAT 1 40 . an &l 10 fir
/N, GNSS =2 B AR B P 91 & A7 35 1) JE oK ¢



230 VRIS NE= =5 S QS S W =3 7)) 20254E2 H
0.010 , 0.010 : .
0.005 F- rrrrrr SR SR — 0.005 |---==mmmmmmsmen b e
£ ‘ ‘ £
m s8]
-0.005 | =0.005 [---mmmmbrmme oo
-0.010 -0.010
0.010 0.010 . .
0.005 0.005 [F---===-kesmmmemsendenenne e
£ 0 : ‘ £ 0 : : .
Z : ; %éﬂ; ; : Z : i : ! '
, Lo BRI ] r I AOBRRE L ]
qne © o 00:24:50 i 0.005 00:36:18 | : :
-0.010 -0.010 . N
0.020
0.010 F
£
5 0
-0.010 |
-0.020 - . . . -0.020 . - - -
00:23:45 00:24:28 00:25:11 00:25:54 00:35:17 00:36:00 00:36:43 00:37:26
I i) I i)
() 3.9L R B AL 7 5] (b) 4.0 A4 RE W AT FE T 5]
0.010 — 7 ; ; 0.010 — ; . .
0005, . R AAAAAAAAAAAAAA 0.005 [-=-demnmmmemm e e
£ £
s8] [S8)
-0.005 —0.005 [--inmmrrmm oo
-0.010 -0.010
0.010 0.010 . .
0005, ........... + S ..............
E | ) 2
Z ¢ ‘ ; : : : ; ! ! :
-0.005 + 342&%)% ............. .41§&%% ...... ........... .
j 00:56:52 ; : 00:59:39 ‘ ; ;
-0.010 -0.010
0.020 — N\ 0.020 — AN
0.010 j
E 4
5 b s ; , |
“0010f s e S S
o e
2 N 5 > B\ B\ A\ X 2 N
® 55 QQ"‘JE) ® N QW-‘;\ QQ'-"CZ’ QQ,f,‘b © =) QQ'-"Q o N \Q\
iy [EJ X H:T ] X
() 3AYRRIHHAIR T H B (d) 4. 1R R AL 7 51 B
GNSS GNSSHIE & T fl & ff

8 4UCAHL I HFO3 W M) 5 A8 T2 A3 % e 91 4]
Fig.8 Deformation Displacement Time Series of HF03 Monitoring Station During the Four Aftershocks

RHL22 I DR 2 0l 32 1L A P 2 ), ELAZ 8 R
AR AT A S T iR RS 5w A sE
AR B3 AN 32 SN A7 5 T IR ek 204
FNAIFE I A . BT RS RIE AL S A0 A%
FEAIn] AT, ZQA2 Y a3 S A% P81 K7 1w 35 5
NT 5 mm, ST SN T 2 em, 2% MR AT
JI Ak 1) 52 % PR, TN Ay 0 UK 3 5 50 A X0 2% M
T AL N o AR NIE L D5 I, AT U H R
RS S I A5 S B IR 0.02 m/s* AN

FEVE B, S AR T G HUIX AR A 24 (D 9) .
32 HEMEREXNBEEENEESH

N T — 25 4 B M R U AR X T A0 IR
P, A SCHE B Morlet /N A kB /N % bR B, 3R
TR SR a SR f2 A B ME— G R, E 1 U R
A5 v B A

AR CRAE T B B P 64 km 19 B A K IR
GNSS/ s BE 1 22 W5 0000 H 45 , X4l 3K A i s
BEAS 5 R /NG AR Be AT 40 A o BT 11 A2 X 5%



%5 50 B4 2 ) B SCAE  H N BT LU Ms 6.2 3152 % 3 3 B i IXC R AR T 52 Wi 4 A 231

0.04 0.04
& 0.02 & 0.02
Z 0 2 0
3 -0.02 2 -0.02

-0.04 -0.04

0.04 0.04
a0.02 & 0.02
£ 0 £ 0
Z -0.02 Z -0.02

004 -0.04

0.04
& 002
g g 0
B ; S -0.02
—
QQ'tﬁ QQ'TLNTL QQ'fﬁ.\ QQ{L:J'.‘J
] HTI‘E?
(2) 3.9 R FENNIE S ;vr“ﬁlJl
i I T 34%@@_
A 00:56:52
g 0 ‘
3-0.02}
~0.04
0.04 —
& 0.02f-
E 0
Z —0.02

-0. 04

U/(m-s?)

(0) 3 AR FEMHE L5 7 H1 K] (d) 4 1 QRFE IS 5 7 7115
@ SRR AN Z T A5

IO 4R AR HF 03 ) 3 0 JE £ 5 15 471 €l
Fig.9 Acceleration Signal Time Series of HF03 Monitoring Station During the Four Aftershocks

0.02 0.04
6.2 1 fk [— i ofmizétw |
= £
m
GNSS ,
: GNSSHIs i fi
-0.02 -0.04
0.02 T T T 0.04 T T T T
~ 002
£ z 0¢
5 o £
-0.02
-0.02 -0.04
0.04 — : : : 0.04 — i
o 0,02 e
B : :
N SR
= —002 rrrrrrrrrrrrr b ssasmes 2
0.04— L -
o 20 Bl p®
QQ'-“Q QWQ\ QQ'-QrL QQ'-Q
Bt (8] i 1]
(a) WIS (b) M A5 751

10 EREIT ZQA2 Tl A5 2 3¢ A2 0 31 B i ik JE £ 5 F 1) 4]
Fig. 10 Deformation Displacement and Acceleration Signal Time Series of ZQA 2 Monitoring Station During the Main Shock



232 DR 22 A (R BB 2 D

202542 H

03 - W {E/(m-s %)

50 .
23:57:51 23:58:34 23:59:17 00:00:00 00:00:43
I ]

FIT1 SR 6 Ml DA 20 14 5 R B2 45 = 14 g A3 ]
Fig. 11 Time-Frequency Diagram of the Main Shock
Acceleration Signal Captured in the Heifangtai Area

I 5 200 s Jinsk B 5 50 2647 43 B 45 21 19 0~50 Hz
55 R ASfh , nl LA & B0 3 2 15 5 Al R 23
B AE 0~15 Hz, UL 3 72 52 i 15 5 i M %
8 AE 0~15 Hz J [ Y, BORT 5% 1 3w 000 R /Y
GNSS W HLXT [ 72 5 3 9 38 A7 Wl o s i &1
{14 I €8, TR 1 8 7 ok B2 WRE R /N, AT DU R
i1 fig B A AE 00:00: 04—00: 00 26 B 7] B
P, 156 B 9% B[] B X B — A bl R i it

I PR/ (m-s )

0.05
0.04
0.03
0.02
0.01

00:23:45 00:24:28 00:25:11 00:25:54
I 1)
(a) 3.9 A g 5 A 5 i A 1]

TniE MR /(mes?)
0.025
N 0.020
Z 20 0.015
¥ 30 0.010

0.005

50
00:55:26 00:56:09 00:56:52 00:57:35 00:58:18
I 1]
(c) 3AZURFENE LA 5 AR

— A3 HT A% I ) R A 4 B2 B 2 3R
B —3, IS, Iz B N GNSS 345 1 28 T A
B )7 51 Al Lk Bk AL # (B 3(b)) , PR 6 B %
b RR 77 A Y BE X B AR R Mk A R TS

B 12(a)~12(d) 43 50 X W o [ M 52 WA
A 4 R EE R A= B BB L, 5 R 1 4 IR AR
FRAERTZIM AR B — e e . 45 A9
PEAT A3 AT, 4 IR 4% 7% 259 60 W I 055 A7 36 g 5 &% 4t
B, N EIRER A 4R R EEEINT
0.06 m/s*, B E/NF EE . 456 GNSSBRN K
¥ 5 HEAT 43 B A 4 3R B I 58K AR RS AR AL
Ui W 2 7 X6 W I 7 7 3% A8 T S e AR o fHL R
G B 4 UR A R Y N B SR AR P R AT 4 A, b AR
) 35 W I 57 SR I Be Y, 4R 3 43R A iR Sl i
By e — g AR Ak, MR B IK AT, 0 R T AR R
B 3% 3h R AR AE 0.005 m/s* B3, 2 B AR SR Ky
7.42 Hz, "IN R iZ 4k 3 O Il B 1 S MRS
T bR I B TR T B MR B AR K, 7559 0.06 m/s?,
F R B R AE 0~15 Hz G N, 724 7 5%
Pe sl , 0 B 4 YR 4 7 X 2 0 B AR B T — R
Wi, 2 S R P sh AT nT e X I T 2 b AR T AE Y
JE S

IS B E (m-s )

0.06
0.04
0.02

00:35:17 00:36:00 00:36:43 00:37:26

I [
(b) 4.0Z5 43 FE NN FEAZ 5 i A3 ]
IniE MR /(mes?)
0.05
0.04
0.03
0.02
0.01
50
00:58:19 00:59:45 01:01:11
I ]

(d) 41 ZEAR RN P £ 5 I BT A

FI12 HoN BB T5 & i D 3R 19 4 TR A R0 B2 15 5 04 Bt €]
Fig. 12 Time-Frequency Diagrams of the Four Aftershocks Acceleration Signal Captured in the Heifangtai Area

b /NS Vi 3 A S GNSS sk B 3 W i o
ZQA1 I ZQA2 BB 52 b 2 240 km , YA 5] T Mo
EWAE S /N T 0.03 m/s?, 5B J7 & HLIX Y
ARRE RPN . 7E BB, N GNSS 2T 7
B [ A ke 30 3 (A A AL RS AR A 1 B R
REWRTZ I P AR ASTE A RS S AR/ N (A 25 518 10
AN L3HEAT 30T, R I B i3k 3 T 2%
Pesh , U BH 35 R HIZ 8 I AR BT — R R

4 % iF

AR SR 2023 45 H O BT L ACH PR 3 g
L, FE 0 KA 4 Ab FR AT L M 52 0 17 1 9 GNSS i
0 S50 R o 3 RN AT GNSS ik B 3 il 5
Ab 38 75 DA B /N A A, BRIV IS 4 038 3 45 M ) A
TN SN R SR P2 RS 20 | D) | B9 A 0 S N VT
T U HE AR B 32 AR B Ay R X AN T B RO 3 3
MR . SR A& R A T



%550 &5 2 W

B SCAE  H N BT LU Ms 6.2 3152 % 3 3 B i IXC R AR T 52 Wi 4 A 233

I FEMRAL/(103 m-s 2)

23:59:17 00:00:00 00:00:43 00:01:26
Bt (8]
(a) ZQA1

I FEMRAL/(103 m-s 2)
0.030

0.025
0.020
0.015
0.010

0.005

23:59:17 00:00:00 00:00:43 00:01:26
HiF (]
(b) ZQA2

BI13 3N 5 5 F) i A5t
Fig. 13 Time-Frequency Diagrams of the Main Shock Acceleration Signal

1) B 1 i X 5E R 64 km LAY Y T Bk R
i) 48 hy 8 3, G L% I o0 AR 0 B B 1 A5 A7 5 ) B
ke EE M BT B W ST T 1) S e Bk
WEME K 1 em, K APERLFL 3K 0.5 em, 30 T 18 3
RAGIES o SR AL B F6 A R &, 1l 7% % 7% U5
64 km DL AN ¥ 3 52 i A e, o AR AR AR TR IR A
M) 5 B, L2 A7 A AT 6 X 11 ¥ 320 33 3 v 7 1) IR
Joy o FETOKT 64 km DL PN ¥ 3 0 T R I 20T AL T
VB, I AE LA 138 S KIS [

2) I FH /N B A% 4 53 T 32 7% B 4% 7R 1 Jon o
545 159 20 52 0 19 B 415 B o, B R U 240 km
LA B4 S 8 35 ()R 0 00 30 B 8 % ok S
P2 2 A 4% B0 A 0~10 Hz =22 [6] , s B 0é i 1k
0.035 m/s?, 23 B Wk By & X e e AU

3) N GNSS A5 I A 8% AU o A5 5ok & L It
YR HbL 52 6T T8 3 3 A KT T 1l 6 A% R AR B AR
3 AR T 10 52 BT GNSS W RS 5 %A B B
Sk W b A 2 A EL S R X R ) 1 IR R
TSR IEANTE AL

AR SCH] S B GNSS Fn i B s Xt 2023
AP BT L MR AT R e 7, % [ R A P
Y Gy & DX W v AE fa M HEAT IR AL L Ol B AR HE
B |9 I PO A R it A RS E B AR . TR Y
R 5 252 56 T 7R X3 3 W W B P 81, %o R
T Y T K XA 15 e AT A T

2 % X #

[1] FENG G C, LIZ W, SHAN X J, et al. Geodetic
Model of the 2015 April 25 Mw 7.8 Gorkha Nepal
Earthquake and Mw 7. 3 Aftershock Estimated from
InSAR and GPS Datal[J]. Geophysical Journal In-
ternational, 2015, 203(2): 896-900.

(2] skweds, Fm%, ks, & R ML R

[3]

[4]

[5]

[6]

TP I TS LT B S KA (],
TR 24, 2018, 26(5): 1219-1226.

ZHANG Xiaochao, PEI Xiangjun, ZHANG Mao-
sheng, et al. Experimental Study on Mechanism of
Flow Slide of Loess Landslides Triggered by Strong
Earthquake—A Case Study in Dangjiacha, Ningxia
Province [J].
2018, 26(5): 1219-1226.

FGA, RARIE . bR R B U B i AL BT
FELT]). AR TR, 1999, 21(6): 670-674.
WANG lJiading, ZHANG Zhuoyuan. A Study on

Journal of Engineering Geology,

the Mechanism of High Speed Loess Landslide In-
duced by Earthquake [J]. Chinese Journal of Geo-
technical Engineering, 1999, 21(6): 670-674.
ZHUANG W Q, CUI D X, HAO M, et al. Geo~
detic Constraints on Contemporary Three-Dimen-
sional Crustal Deformation in the Laji Shan - Jishi
Shan Tectonic Belt[J]. Geodesy and Geodynamics,
2023, 14(6) : 589-596.

BREG, BT, WG, & ROE LR R
5 538 bk K AR ARV [T]. R RO,
2014, 37(S1): 109-115.

LI Zhimin, LI Yanjing, TIAN Qinjian, et al. Study
on the Relationship Between Paleoseismic on Laji
Mountain Fault and Catastrophic Event on Lajiashan
Site [J]. Jowrnal of Seismological Research, 2014,
37(S1): 109-115.

R BT R T ORI M 6. 29UbRRRE
U AR S ) AP A5 R [EB/OL. (2023-12-19).
https://mp. weixin. qq. com/s/SuKbTgq8-0EV2Fb
NedlYqQ.

Institute of Tibetan Plateau Research, Chinese Aca-
demy of Sciences. Preliminary Results of the Inver-
sion of the Rupture Process of the Seismic Source of
the Gansu Linxia M 6. 2 Magnitude Earthquake[ EB/
OL]. (2023-12-19). https://mp. weixin. qq. com/



234

BOBR 2 (R

ISR Y

202542 H

[7]

[8]

[12]

s/SuKbTgq8-0EV2FbNcdlYqQ.

HAHEE AR E . FIRE B R A 2023 4F
12 71 18 A H ol i B A7 1 B Ms 6. 2 #u 7% [EB/
OL]. (2023-12-20). https://mp. weixin. qq. com/
s/D4nDhPw_MAOoNN54YBGsQ4g.

National Institute of Natural Hazards. Probability of
December 18, 2023 Ms 6. 2
Earthquake in Jishishan County, Gansu, Chinal EB/
OL]. (2023-12-20). https://mp. weixin. qq. com/
s/D4nDhPw_MAOoNN54YBGsQ4g.

WA R BB AEIR S 4] . RED-ACT |12 4 18 H K
H 6. 2 9 MR WK Jy 23 Hr [EB/OL . (2023-12-
19).
tOPm33mF 38fRIKA.

Coseismic Landslides!

https://mp. weixin. qq. com/s/oZJDAaF-

Lu Xinzheng Research Group, Tsinghua University.
RED-ACT |Analysis of the Destructive Power of
the 6.2-Magnitude Earthquake in Gansu on the
Night of December 18th [EB/OL]. (2023-12-19).
https://mp. weixin. qq. com/s/0ZJDAaFtOPm33
mF38(RIKA.

W BR F B A5 B RRE  E RE sE H
R 6. 2 0 i 72 75 b BT i S () A S T
[EB/OL]. (2023-12-19). https://www. sklgp.
cdut. edu. en/info/1025/6599. htm.

State Key Laboratory of Geohazard Prevention and
Geoenvironment Protection. Spatial Probability Pre-
diction of Geologic Hazards Induced by the 6. 2 Magni-
tude Earthquake in Jishishan, Gansu Province [ EB/
OL]. (2023-12-19). https://www. sklgp. cdut.
edu. cn/info/1025/6599. htm.

WL R . 2023 4F 12 H 18 H H I 5 M 6. 2 b
e GNSS @ my n [EB/OL]. (2023-12-20).
https://mp. weixin. qq. com/s/xvZUVydrHqeAql
Ezeul Y6A.

Hubei Earthquake Agency. GNSS Rapid Response
to the December 18, 2023 Gansu Linxia M 6.2
Earthquake [EB/OL]. (2023-12-20). https://mp.
weixin. qq. com/s/xvZUVydrHqe AqlEzeul Y6A.
FAN X M, SCARINGI G, KORUP O, et al.
Earthquake-Induced Chains of Geologic Hazards:

Patterns, Mechanisms, and Impacts[J]. Reviews of

Geophysics, 2019, 57(2): 421-503.

WU Z L, MA T F, JIANG H, et al. Multi-scale
Seismic Hazard and Risk in the China Mainland with
Implication for the Preparedness, Mitigation, and
Management of Earthquake Disasters: An Overview
[J]. International Jowrnal of Disaster Risk Reduc-
tion, 2013, 4: 21-33.

SE, FIERS, BOULSC, 4F . GINSS I B £
ARPERLT]. ML, 2022, 51(10): 1985-2000.

[14]

[17]

[18]

[19]

ZHANG Qin, BAI Zhengwei, HUANG Guanwen,
et al. Review of GNSS Landslide Monitoring and
Early Warning[J]. Acta Geodaetica et Cartographi-
ca Sinica, 2022, 51(10) : 1985-2000.

HUANG G W, DU S, WANG D. GNSS Tech-
niques for Real-Time Monitoring of Landslides: A
Review[J]. Satellite Navigation, 2023, 4(1): 5.
LIU X H, DU Y, HUANG G W, et al. Mitigating
GNSS Multipath in Landslide Areas: A Novel Ap-
proach Considering Mutation Points at Different
Stages[J]. Landslides, 2023, 20(11): 2497-2510.
FOEfS, sk, musc, 5. “RA&H -+ s” 1y
S b 3 2 B A R (7] W2 24z, 2019, 48
(11): 1424-1429.

BAT Zhengwei, ZHANG Qin, HUANG Guanwen,
et al. Real-Time BeiDou Landslide Monitoring
Technology of “Light Terminal Plus Industry Cloud”
[J].
2019, 48(11): 1424-1429.

FRUR, A, s, A R B b O R A
fIE ) 52 GNSS B H L [T]. RO 224 (R 8
FHEM) L 2023, 48(7): 1216-1222.

DU Yuan, WANG Chun, ZHANG Qin, et al. Real-
Time GNSS Filtering Algorithm Considering State

Acta Geodaetica et Cartographica Sinica,

Characteristics of Loess Landslide Hazards[J]. Geo-
matics and Information Science of Wuhan Universi-
ty, 2023, 48(7): 1216-1222.

BMIER, sRRA, B/AE, & . HFiFH TRl
e 3 R R B e Ay AT L] e R S B A
224, 2021, 32(4): 47-55.

WEI Zhengfa, ZHANG Juncai, CAO Xiaoyan, et
al. Causes and Influential Factor Analysis of Land-
slides and Rockfalls in North & South Mountain Areas
of Xining City, Qinghai Province [J]. The Chinese
Journal of Geological Hazard and Control, 2021,
32(4): 47-55.

RIS, 280K, Blisea, 45 . HON & i B30 54
15 i 3 InSAR I [T]. SR 24 (fF BB
J§), 2021, 46(7): 994-1002.

DAT Cong, LI Weile, LU Huiyan, et al. Active
Landslides Detection in Zhouqu County, Gansu
Province Using InNSAR Technology [J]. Geomatics
and Information Science of Wuhan University,
2021, 46(7): 994-1002.

DU Y, HUANG G W, ZHANG Q, et al. A New
Asynchronous RTK Method to Mitigate Base Station
Observation Outages [J]. Sensors, 2019, 19 (15) .
3376.

FER, ELsC, AR, AL s SRS BUE
GNSS T 3¢ g 0 o ol U7 0 07 22 [ 7). W 22 22 4



%550 &5 2 W

B SCAE  H N BT LU Ms 6.2 3152 % 3 3 B i IXC R AR T 52 Wi 4 A

235

[22]

[23]

[25]

[26]

2022, 51(10): 2117-2124.

WANG Duo, HUANG Guanwen, DU Yuan, et al.
Switching Method of GNSS Landslide Monitoring
Reference Station Considering the Correction of Mo-
tion State[J]. Acta Geodaetica et Cartographica Si-
nica, 2022, 51(10): 2117-2124.

WANG D, HUANG G W, DU Y, et al. Stability
Analysis of Reference Station and Compensation for
Monitoring Stations in GNSS Landslide Monitoring
[J]. Satellite Navigation, 2023, 4(1): 29.

BOCK Y, MELGAR D, CROWELL B W. Real-
Time

Strong-Motion Broadband Displacements

from Collocated GPS and Accelerometers[J]. The
Bulletin of the Seismological Society of America,
2011, 101(6): 2904-2925.

GENG JH, BOCK Y, MELGAR D, etal. A New
Seismogeodetic Approach Applied to GPS and Ac-
celerometer Observations of the 2012 Brawley Seis-
mic Swarm:
Warning [J].
tems, 2013, 14(7): 2124-2142.

SOR L, MW, k¥, FL T EBKREANT
GNSS/ i B3 i & AT W [T ], K 4 5 4
BR3h J127, 2023, 43(5): 491-497.

JING Ce, HUANG Guanwen, ZHANG Qin, et al.

GNSS/Accelerometer Fusion Deformation Monito -

Implications for Earthquake Early
Geochemistry, Geophysics, Geosys-

ring Based on Variance Inflation Model[J]. Jowrnal

of Geodesy and Geodynamics, 2023, 43 (5) :
491-497.
JING C, HUANG G W, ZHANG Q, et al

GNSS/Accelerometer Adaptive Coupled Landslide

[27]

[28]

[29]

[30]

[31]

[32]

Deformation Monitoring Technology [J]. Remote
Sensing, 2022, 14(15): 3537.

JING C, HUANG G W, LI X, etal. GNSS/Acce~
lerometer Integrated Deformation Monitoring Algo-
rithm Based on Sensors Adaptive Noise Modeling
[J]. Measurement, 2023, 218: 113179.

E bR, 8B . GPS Wl v = SR 2 A8 8
KN nr 0T]. sRBUR 2 4 (5 BAR 1D
2010, 35(9): 1024-1028.
KUANG Cuilin, DAI Wujiao.
Wind-Induced Vibration of Tall Buildings Using
GPS and Wavelet Application [J]. Geomatics and

Measurement of

Information Science of Wuhan University, 2010, 35
(9): 1024-1028.

KIJEWSKI T, KAREEM A. Wavelet Transforms
for System Identification in Civil Engineering [J].
Computer-Aided Civil and Infrastructure Enginee -
ring, 2003, 18(5): 339-355.

SHAO X Y, XU C. Earthquake-Induced Land-
slides Susceptibility Assessment: A Review of the
State—of-the-Art [J].
2022, 2(3): 172-182.
NOWICKI JESSEE M A, HAMBURGER M W,
FERRARA M R, etal. A Global Dataset and Model
of Earthquake-Induced Landslide Fatalities [J].
Landslides, 2020, 17(6): 1363-1376.

MEO M, ZUMPANO G, MENG X L, et al. Mea~

surements of Dynamic Properties of a Medium Span

Natural Hazards Research,

Suspension Bridge by Using the Wavelet Transforms
[J]. Mechanical Systems and Signal Processing,
2006, 20(5): 1112-1133.



