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Progress and perspectives in research on crustal stress and earthquakes

Abstract: [Objective] The crustal stress state is a key physical parameter for understanding lithospheric dynamics, elucidating
earthquake preparation mechanisms, and assessing regional seismic hazards. It also provides essential data for the optimal
design, safe construction, and operation of major underground energy and geotechnical engineering projects. Systematically
reviewing the research context in this field and clarifying the current progress and challenges can provide guidance for
future research. [Methods] Through a systematic review and synthesis, we summarize the technical methodologies and the
evolution of development paradigms in three interconnected domains: acquisition of crustal stress data, analysis and
modeling of stress fields, and stress processes associated with earthquakes. [Results] (1) Progress in stress information
acquisition: Observation techniques have advanced from shallow to deep levels and from single-site measurements to
network-based monitoring. Traditional methods have been continuously refined, while deep borehole in-situ techniques,
such as elastic strain recovery (ASR) and differential strain curve analysis (DSCA), have extended observation depths
beyond 5 km. The integration of multidisciplinary data has become a prominent trend. (2) Advances in stress field analysis
and modeling: Methodologies have evolved from analytical and numerical approaches to an intelligent framework that
integrates mechanisms, data, and knowledge. Numerical models have developed from two-dimensional elastic formulations
to three-dimensional visco-elastoplastic representations, enabling the dynamic characterization of regional four-
dimensional stress fields. (3) Developments in earthquake-related stress processes: In-situ stress measurements, Coulomb
stress modeling, and combined physical-numerical experiments jointly reveal the cyclic pattern of “ quiescence—
accumulation—release—adjustment” during earthquake initiation, as well as stress triggering and shadow effects, and the
physical mechanisms underlying fault instability nucleation. [Conclusion] Current research still faces challenges such as
the scarcity of deep stress data, the complexity of integrating multi-source data, and the high uncertainty in determining the
initial stress field. Future studies should focus on (1) developing intelligent, multi-method technologies for deep stress
observation; (2) constructing machine learning-based inversion and four-dimensional dynamic stress field models
constrained by physical principles; (3) advancing research on thermo—chemical-mechanical coupling rheology; and (4)
promoting a new paradigm for seismic prediction that integrates stress mechanisms, big data, and expert knowledge.
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Thereby, future studies will provide a more robust scientific foundation for seismic risk assessment and disaster prevention
and mitigation. [Significance] This review of advancements and prospects in crustal stress and earthquake research
provides references and insights for the observation and analysis of seismic stress processes and for the research on seismic
dynamic prediction methods.
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Fig. 1 World stress map 2025 ( modified from Heidbach et al., 2025)
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and Michael, 2004; Luttrell and Sandwell, 2012; Yang and
Hauksson, 2013) . [E 1E 7£ 4 F i) “ v [ Hb 78 B} 2%

ST R, AR R M X 3N AR R R 7 51
b B W AT TR D N 2 — (b E b R Rl 2
SCH BRI RS 4, 2019) o T E b X R o
S A, sh I SR AN, SR BR, S v [ M A R )
b s R e i KSR 2 — o 2F AT i R )
I & (Meng et al., 2015; Wu et al., 2016) . H1 & 43 #r
(U 1245, 1993) . 85 Y) ik 73 24 (1 B 4, 2018) L I
Y 1 5 A T ML AT 7Y (A B R L, 2024) | RE
898 R B2 (R SEOME SE, 1987; 4 AREE R e 1,
1999; F e 1L 45, 2015) SBUE AL (5K M55, 2009; #E
Tz KA, 2015) S 2Rk, WATR RBE# 7R 1 X



% 6 M

BT, S MU )5 R 0 e e 1133

Hb 7 AR, — B T b XR 3 3 BA
R A AR S SR (FLAEARAE, 2021) o 3T BB & )1
TELHb X = 4 ] 7 3 557 SYRSMol.0 7 — & P2 & I
H A& A M5 TSR, 0 BRI XN ) PR B S M v
TR A TR A, (B AR 4 X N (B B g3 BER S
A SEVE I ADAETE SR B, A i i — 2P ik (5 5 5%
4, 2025)

T, N7 5 BRI 5T AT I G — &R 5 ek Bk
A8, AN AN [] D7 2 i AR BCA0E 1 HIOIE R L TR AR L 0 R
PSRN SE W N2 R I SR S L VA R O K s
SLUAL SRR RIR R AN KRR B M52 N ) B DE R AE
KSR Zs i B B A S IR R BR , R ok, 2R
N ) A AL 3B T J Sy Rl - T TR ) 25 4 00 R
O = AR, T gE— 2D i A TR 4E 2, OB A DY 4E 3
BN S GG TREE =5 N T8 e B AR 78 b5
A5 38 11 P 3 HE T (Mousavi et al., 2020; Uchide et al.,
2022), EAE L L 2o I A5 G I Y M 5E N AR RL AR
i 3 >

2 HmMEHERRIR

2.1 R A SK R S 45 AE

(1) Hb 78 & A 1 Ja, 2 R X5 40 BBl X3 g bk
SERMNRGEEER

S BRI, R DO ) (I TR i X
B, AN IX N AT IR X2 1A, R
B AR R R X 2~3 A%, F2 R A1 O 1A R RE R A
ST P9 TR A O 225 DX S A 36 N ) 3 S, B ) R R
PR — (2074, 1983) . RIR X F N H1 07
] & B0 1 W] G 0 Bl A AR AT o, B R R ) 2
Tk 58 7 1) — 5 Bof DRl e — 2 S MR A2 ) ML T A
oo Bildn, s bR [T 3R ) 77 1n) 1) & R A
J5 1) T A, 3 I 1 L 1 A8 A T T 2R 1) B B
gy A, BT ) i B i S5 KT 32 8 ) b AE B A oG
(Mengetal., 2023) . &1L M8.1 M5, i KKV
F I F3 77 ) HH N45°E 5% 25 N66°E, i — B K 1 7%
S5 77 18] B 2 BT VR 4 (Liao et al., 2003)

(2) SREHT G N I SRR I 8%

B 1l Mg 8.1 Hb 5% 1 i ) 7K - 3k X3k 75 S (il
B 4~6 1%, 25 T 2 2/3(Liao et al.,2003; 1% i 5T
G5, 2019); BN HLRR 5 R WA AR K 5 iRk
SR F153 R B2 29% i 23% (R %5, 2009) 5 7
Ly Ml 2% A e 1) L W AT R B A TR RS, R

59N ) 5 ¥R ) Z M we A T 0.39~0.56, 4% 3T
Byerlee JBE #8258 J& T P, S5 i by 576 Ak T ik BRSP4 bR 25
(B 58 5, 2014) 5 &l L R g Ry 28 O8I0 38 M e 5 3
Ivi] 7% 2 25 10 748 i 1 5 B BR B4, 40 2008 A7 150 )1 Hh 7=
(3T (L %5, 2009) 1 2011 4F H A Zx Jb K M 7% (Uchida
and Biirgmann, 2021) i Y0 U 25 S 15 5 GPS A Hb 732 I
ST AR R R — 3, SRy AR R AL 24 BB AR ok ST IR
P o BB AN, WL rb A SR T AT BE Y I R A
5, AL FE R AR I F T K B 1 AR in
8 R S SRR E A Bt i 3l (Johnston et al.,
2006; 7K MG %, 2017; AT A, 2019), S8 H AT 8 4
L W 3 AP T T 22 S B0 IE 5 7R S N AR ot B A
CHF 1] RUBE SRy B R 2 50048 ) i O8I0 Sy BFF 5% b e i A8
FREBRAE T OCHET 1, 38 i R T A AL 2 R R R X
KR A TR R S5 A 5 AR T A, TR H e )
2247 HAYINIR (Diao et al., 2021) .

()R EH ERESES, R XN JRE
SO R RN R K T
P 1k

PLH 7 FE B B K B 1978—2000 4F 8 YK b
Sy B R B, u, N 19784 1Y 0.18 FE &L | TF, =
1994 43K 24 0.6, 1995 4F I P2 L 5 &8 M, 7.3 Hb 52 f5 18
PR A 0.2, S8 5% T N ) BB & BRI o7 B i A
(H A FFARTE T, 1999) .

i b, ZRII T B R G os T AR 4 R A
T AL LA, Ry ke R AL B A b R I AT 5T 4 4t
IPS VIEZ S
22 ECHAEHEME

J5E A 1 1 28 Ak (ACFS ) 55 78 Ik 1 122 1 24 o )
AT, HAZ O WA 2 — WO R S R 3 W )2 T
B A L T B 0B R R R TR R A AR 5 I
2, DX Hh R 7= A= il (King et al., 1994) o

(1) i R ) 15 A0 7 4 Bk 2 A 78 )7 91 v 4k
PSR S B

o140, b 2 4R FE R 0 87 245 7E 1939—1992 4 1]
RA 10k M=6.7 HufZ i, A 9 WAL T I J7 3 i
IX. (Stein et al., 1997); 7 & & Ji AR db &% H 1920 4 LA
K16 I M=7.0 Hu = i, 13 Y& A= T 0 ) 3 5 X Il
fiih % #8358 81.25%(J1 7K 4, 2007) 5 I 2% 7 e A
JA % 2001—2017 4E 7 Ik M=6.5 3852 ¢ 5 v, 511 3
RN L Hh 7R 2R B R ) fik & (ACFS iy 1E ), T X
U 1) 1 7% ) 2 3] 48 3R A FH (ACFS Ry 1) o 1% X 5
I Bl AR S A5 T I R R R 2 1) AR R
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(1 38 T e, TR R [H) 04 7 ) fioh A AE O e R v e 4
il 2h fig CBERE AL E A B, 2018) o BRI, 124 TR AE I
o XS R AZ R . il an, 2011 4F H AR My 9.1,
2010 4 F1] My 8.8 F1 2004 4F 75 [ 7245 1 My, 9.0 25 4%
o HERE B Ay 52, T ACFS IF {8 X 69 L 64 K
47.0%~49.8%, 1 {F fill & A JE 60% (2 # Fl A4 ~F
1, 2012), f A T A P R (AN )T e RE | 4R 4R Hb
M >85%) . X — 22 5 7] Be 5 0wl 5 2 1 T 2
SEAE L T ARAE AR AR 7R A VITAE G

(2) PR L BB AE S B o JH v AS W 4 e

Stein et al.(1997) 3¢ Ff ACFS # 4k M 7% & A
HE 2R 3 5 (Probability Gain), % Bt 2 44 F6 F1 30 17 24
Ry AR A S 2 T AR R R RO R
35, HrP BRSO & ER . RSFIAIZ K (2016)
T 5 A 3 PR R R B AR A, A R T
“PE A N 7 i JEE 452 AR RS T B KT X — 5 A& SR IA
VP JE B ) R, 4 T TR A ) B — B0 . Mildon
et al.(2019) 48 i, Z W& Wi 2 19 B 4R 245 1ih ol S 30
iK+2.7x10° Pa A 11315 22, 2F 1 1T BB 5¢ 42 = HI N )
5 DX ER il & DX A3 A, I 48 AR TEAS )2 A B PR
B, B G T F- 3 ACFS 4b, i B 25 A % B Wi 2 1 1 1E
INE 3 DX B A9 K i R R 7 (B, LA R 4 THT e B DB )2 Al
SRR ATYE . A PR (2024) KR T I T H RS
55 PE A Ly 04 Hb 2 fioh MR SRR AR vk Gl 2 e
JoT A8 365 R E RGN ) B, W R e T I ]
SEPE . Dahm and Hainzl(2022) $2 H 44 B [a] 45 5 [ Fo
Mg )7 A5 AU (TDSR) B P Al 24 1 W) 5 3 48 —fR 25 B
PR REM S G, BT X R AR 0 N ) S AN M
PG S 07 TR AN il R AT R g — AR, HE3h RS
N7 3 A5 AR o) gy AL T BV A L SR R T TSR % 5 )
R WAL, DX IR N 3 0 R S T X PR A
;g 75 8] 43 A B AR AR T (BRI 2 55, 2023) .

(3) 2 A3 1 77 3 Ak 43 1 8 B hy 1 78 AE B8 1k TEA
s - BN

2021 AE I 2 M7 A MR W E G0 T AR SR
G ARV E T S AR T = AN (S VAP 8
S, HTE T ROk MR KUK (Li et al, 20215 15 42 55,
2022) 5 2022 4F ] My, 6.7 Hi1 572t XF 76 ) “FE 3 1
2SI AR T B N A (AR S KA 2025) .
ZF B VLA (2020) R G T INE b X 1515 4 DLk
M=7.0 5R7E5 | R [R5 R 5 W A8k, & BREE K
P40 B LTI NTL I 2L B L R T Ll
A B X Y B AR B N ) 3Gt 3% (=0.1 MPa),

AR R R G PR o 3R MR A (2023 ) X 5 R A
RICG TR, PR EWR . RECW b
FZAWE AL BBUE SN Ak B 0.01
MPa 19 fisl & B {EL, $i5 7~ 3% 26 X 35l L 2% 458 o i 7 A B
PE o VK AE T B Y RN ) R — b
7R, N 75 X 5 7 s R R X A WA, R R
AT RE A AE TV . AR AN AR 3 A Sy AR X
HoH 7R B X 5 A 7% W ) B oK (Birgisdéttir, 2023) . b
W oE IL [ 2 B, e 0 ) 728 AN AL 45 i T R
G, kR b R A I M R L R R

T B A, T s R R 1R 3 ik B
FRUE 1 S0 g 378 R T B[R] 78 2 T A2 4k, PRIt
I i K 53 B 0 450 2% A 1 B R I g v Ak D sl (O
AKHAE, 2007) o T3 Ah, BRI ER N 7R A HE DL
LYo, Z2 B0 5T T Ak Sk M 5E FE EE AR R Ab 1 38
RS (B2 £ 4, 2015), 5 F 2 Z 0% 9] 16 44 15 1 )
09 5% ) (A0 4 R ET AR Y, 2010) o SR, MR R
Az 5 AR AR B BT W2 ) b R IR A 5 R ) AR
e LR . DR, 7E R R PR G N ) A R A
wh, s T R IR R R A B W2 N T T AR 5T
Xof 4 T b R I AR O B B S
23 ENAEELIEHR

Hby 52 N 7 3k B A S 56 BF 5 58 A S 5w R
FEREHL, TRAL T 0T I J2 i 4 L P 50 Bl 55 ) v Ak
B B B A (S AN B2 3, 2022) o DSE G H AR 5L
BT X W2 N AR AS S 22 W) B 0 R 28 ) K M
W o Ul 55 = il e 45 52 56 38 Ao 4% ) B RN 22 R )
1 Hb 52 ¥R & B4 5% (Byerlee, 1978), &5 & & K& 5
(AE) . N AF 375 K I B 3 6~ W00 I 256 A, ] S48
3 R I A S A L R . S AR R K B
A (5 A1) 55, 20045 5 FE AF, 2012; Zhou et al.,
2018) o il dn, = AR 5 WOL T W H AR R
HI WY B 7 4R RRAE (9K B4R 45, 2023), 43 A 3l B
e IR B2 T 2 0 2K R B B AR N AR AR AR (T B AT
2012); Xu et al.(2023) i i3 K R EE W 2 S8, E— 3
15 7 W J22 2% 1T b R X i 24 B 5 0 ) B R R e
Pl o @ N g Ak 5 P IR Ak )2 R BRI Y O B
R SCI R, W R R AR B R A AT AL T
Bl Il 7 1 B ) AR 2 A B A B 5 4 A T2 SE 5
;77 — B 8] i 2 A 25 2 1 B 5 0 RS P IR
TEE, WK R B LR ) B 5 H HL P R] Ak Sy RR AR
(L HEAE, 2012); KAE AT MR IG 30 F ol 5 Wi 2
“UT W —-SIBEAR” AHOG, B R RS E L N R
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W 2 5 S5 Hp R BRSO B B T
AT, XN BT A T B O v B BE R BH 1 3 S Ak (5
JiE 1) 5, 2004) . BN 7 K 55 i LR B 32 5 T K 2
Wy BRI 5 OE N ) o R 2 B T N o = 0 S )
I, Zhou et al.(2018) K FH, R sh 0 H1 K. Jm 3
e 4 137 7 1% I e 25 R 4 R BROHG IR ME a/S , i S
SR R Bl TE R g 38 ESORE A AL DR/, 5 B
S4BT, Xu et al.(2023) FE— 45 i, A HLRE W7 2
T W W A 5 FE I L 1 4 0 Ty e K, il SR ] S B 1)
2 5 TOREL RS DRI J2 o 2R R 3 L, e 2 e
P BT ). @ W )2 T O f v AR B A AR
bl R 22 5 fik % . Wu and Barbot(2025) i i
175 I DA 0 TR R RIS R 5 v AR i RO T 81 R s
% 24 B BE 2 30% B2 fh T FUAE 2 RS Ok, 5 B2
JIZL 54T IR B i 2, S “HUR HRART EE S A
AL B o R, E SR A A X N DRI 2 L S fo T
U, B[R 2B 52w f 36 K 18 8 M AL 4 R
Mo GBIy B B LA 45 5 B AL 5 AR
717 ., Bayart et al.(2016) 45 & SC U 5 Wi 24y 22 A0,
18 7 N 3 R A2 W 2 JLART 3 5 e JR SN ) 1 {E
Aib 1) 2 1% TG 7% U5 78 2 M R B 2 1 00 LT 4, % AR
T/ G B R B e, B T2 LA 2 SRR I il
KNS DB (2012) % 35 37 7 2 (0 B 58 IR
I, AR/ T ) 8 A b 25 e T U2 R ) e R S N )
(6] 3 A o &5 b, AHSCHIF ST DA 2 WL g v Ak (B 3 45
2012) 75 % 1% sl P 81 (5 PR R 25 2004) B fo0 12
filh 7 & (Wu and Barbot, 2025) & i€ & i 24 2 $1 ( Zhou
etal, 2018), IR KE & TR A B - L LW HLHEIA
S, S MR P B R 2 TR 06, Oy B30 R UL 4
A B 2 B GRS AT 3C, 2022) o A Sk 77 45 A -
K=J1—H Z Y #LIZ HE 4 Wa I (Moein et al., 2023) , ¥
b4 8] 19 b 52 5 R S 00 T A, 4 2l Ml R A B O

Hby 52 0 g 3ok R AS(E SR B AR Sy G Y T B A
B SEHUEEIUE s 1 W02 2547 R St T R R S R
R E 2t . OBELR LR RS ZHAL:
M= R B S 56 B T 20 42 A, R SR A
T PR ABE A AL LI 2V RS T 3D, O MR I BRF
5% 28 7€ B (Burridge and Knopoff, 1967), F {4
(1980) iz FH V- 1f o A% 9L 98 PH A BR e vk, B jsi A b b X
I 700 4F 14 YK 7 LA LSRR T A, A i R e 2
PR B U8 FE A IR, S Dy o b R A RS LA A KA
B, 21 el J5, e ke m 2 HE0 5 S ik .

A BR 76 i (FEM) iR X 38k 44 3 87 7 3 0F 9% 4% 0 T
B, T B 58 N ) A . G R ) AR Ak
R % I B AL Bt (B % IE 45, 20015 i FK 25, 2021);
B ot (DEM) 5 3E % 22 28 JE 43 BT (DDA) 7l A &4
Ab B B JZ N 3 2 0] L, TR A Tk 0 - B L T
: (CDEM) e SE Bl 2 W )2 [ K il 284 4 ] I3 A 0L (X
HAESE, 2018) . BT, MPRREZYHEGHES5E
Z 2 G BL L G [R5 (FST) #5520 & fh L BRI R 5
[ 44 5 71 3% 48 5 AE A (Sibson, 1992); Monte Carlo J5
2T X s A 3 N ) 3 1 Ak B G 35 4R
2019); B H T 5 00URL A Y Bl 0 W 2 ) 4% B A AT
P (Lei et al., 2017) o 155 P BB T AT 1153 S £ 42 44
b B AL TR AL g, $8 T [R) RO AR 5 N ) v SRS
(BRI AE, 2017) o B BT 45 (2012b) N7 1 R
Rili =4 A BROTBIRY, Wt “BAOTRERIET R R R
T B Bk A A R A (2018) H2 M A [ R K (E T
R G, s FE 3 ) 2 S 2 g R R R
. QBE I R i LR N ) BB R B
B 55 filh & MU — 2 2 ELME R B R, 1966 4ETIF &
b 7% RIS N Ty AR X, B R T M
L7 RN VR R, 43 L ) 38 X Sy N X (R %
HE %5, 2001) 5 2008 45 73 1| 1 7% 4 00 7 B 396 oo )2 o
TR IR R 5 2 B e (R A, 2021) o
Ik 65 B 45 (1993 ) 3 2o I 2 P I 2% 18510 % B, Fa i i1
AR RS, RGN T3 5 AR R S o AR
b, M1 R% 1% Bl 2L [l R AE HL 3 1R 3% B X 55 (A 55 55
A B 45 (2012b) 5T R B, 58 R X 7K 2k BE ) H2 2K 5
R KA L T 98 A R MA &9 ) , & 5 5% i B 5 (G
2000 km) Bk i 09 8, H ARG S KT 2 A3
TP B2 . 2010 4F % F) Maule M 72 £ 1 2 /R, 70.9%
RN T EA I 1284 >10 kPa X B, 3272 1 125 1k
(#4510 kPa) # 24 T Illapel 1 X 15 4F ¥4 & 17 S L2,
JnE T 2015 4F Ilapel #b 52 & A= (G # H %5, 2017);
WA 3% HE 25 (2001) 45 1, T & HbR= A 3 1L i 2 17 24 1
Bl TN & RN S, OBUELRIRA T
Xof 1 b . BUAZ K W A B AE FH DA AT . HbRE R
¥ Jry 0 I 0 4R v X, A2 S bR A R 4 A
foat 3R 2, B X RUBE 55 W7 23 4 T AH G, O HiL
9% $2 A T 7 45 B ( Dieterich, 1994) ; K1 2 £ 48 v i
J1HE HAE A AR, WA 5 B A N ) AR Ak AT il
TR, B L& 7% 17 51 (Steacy et al., 2005), AT
£ MR XN S S R R A N AR (9RO A
2001) . k& 5 (1993) & BURTIE 58 5 /8 & R
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A —— X B, P  0E BR N IR R AR 25 S 3
BEAh, A AN 3 5 P 5 5 2 LA 45 4 6 ] 7% 2 g B
537 R W B, W o AR Al N ) B (A4 1980;
WEARINEE, 2017; e FRAE, 2021) 5 44 357 25 (2012b) 45
PR, J5 S0 B AL E 2 4807 XL Mo R i S £
S 2 I A O = Vil 111 D9 N (S R SR /N |
DXt B4 nT 3 S 7 A #5306 AT 5 1 .
Zi bR, BE TS AR R T 5 RO ke, b
N 7 2k R (ST I 40 S A 4L 8 DA TR B R O
h R £ W) B 7 KB4 B B (Lapusta et al., 20005 Lei
etal., 2017), A Hiu 5 9 38 000 5 XU RS D1 Ak 4 41k 3 22
Bl MG . Kok, T sh st RETH 5 N T8 s fil
B, S B RE BE  RUBE S AL R A 2 M Bk AR
AR Z W AR A HLE L0 sE R B M A
CHE BT R T (B B 57 45, 2012b) , IF 8 1 B2
14 Hby 752 000 DV 55 R A A R A Bl b R ER(E TR A
PRZE L 55 1 0 F (AR AR 55, 2018) .

3 KE#BE5EZ

30 REMBEMEABERN: NERMEREZRE

I iE

Hby 7 IV 77 3 B D R N R LA X RN L T
[ia] 1 25 [R] 43 A B AT 58 T B, R4 90 1R 422 43 A O ik
SRR FE A7 o SR, FRICERHR (53 km), JEH
2 1 Bl W 2 TR Y A N T4 L, R AR
BRI AR R S HORME S . Y ET AR ISR T
TR Bl L 7 I B R Y 4R I T 5 R 2k A1 8T .
Aok H R ) I B AR B3 Ak R, O B
AL 5 /2% Ak, BIFE 55 9R (>5 km) 1 B} 27 B £8 52
Jite 07 30, 5] i T KTB A8 B 4L FLAE S km 3R B
15 4% KK 738 200 MPa (Dobson et al., 2016), 3
TE G BHE ) T DT 240 1 I L I 2% Ak Y 0 g T R
G (CERUEAF, 2017); @ Z Y B R A I, B4R A%
T LR AR R ) 4 2 S SR, SR AL
AL KW O & R fL B0 i %, 45 N T3
A5 KRB HR, KRB e b 8 itk 24, U
P& B Ak R AR 3 2 IR 0 UL 5 AN A
AL BE T o

WWIT LT MR ) JE e sl ) 2248 £ F B
Hb e N ) 25 G A 5 iR RS o

(1) S VR - b . T 5 o

TE LAY G 15 3R A7, g T DATRFHE I A A% 0o 1) b

NSy eV o 3 A K B AT R
JIE IO AR LN A5 22 PR, JT R IR R BRI 2 R
J3E AL RN 7 RO 5 3 5 W ol R Ry G BB [ TR
JiE 5 RUBE Ry BI04 B “RE 8T, R g — Y
127 Z 5550 5l

(2) @il G 25 -k -H B A8 W il

)] v % B GPS 3% 223 (W 5 2 5 B J¥ InSAR
PR R, TR E B b Y A5 5 1 5 B A 4y R
AR AE o 3 O RS A 3L, R 3R N ) —
75 3 11 3 25 A8 Ak K L2 1] o A A2, O A8 - R -l By
T R 0 22 14 5 At 1) il 6 24 5

(3) 11 % 4L 1 7% 5 15

T e Y Sy DX AT 1 4R b R 5 B, R 40 W I £
RENE Bl o 38 ok R YR AL g B N ) sk AR,
LR MR Y-S SR S E A N S N B S
SR RO TR R 2 H o R R R X
N7 3R ZS B R BRAE, Ay 4 28 100 R A4 A% 0 S 0

(4) K J DU 2t 3y g 7 B A5 7

5T 35 o 0 AR D B | M R IB AR I MR
SR S AR - e DT IS = Sl e oK
W7 )2 5 Bl Pk R K 0 i 2 BRAG DU 4 (55 ) = 4
] ) My 52 3h f 2F BE AR A 38 5 22 S B0 B 5K
By, SEPAS R Jr i o AN TR RO MR 0L 0 £ 45 1 4
HIUE . BESEG, REVR AR E M. A
5 M 87 B Hb RS A% 3k B RN ) 3 ) A R, X
K 2 2R a8 YR M 5T Y T Y 25 A e B
i

ARG O SR 2 H AR R S 5 v R B IR
BT R E2EEAWN 554 Y 4 # S
PRI RE T o AT 2 2R TF BN BG 5AH BRE,
8 T Mb 5T N 7 3 20 e RUJEE B — | O T B A 5T L 50
TEATL ) 9 555 7 R 00, S 2 4R T I ) S DA Y R A
550y e, ST M BRI UL 5 AT 5T ) 3k o IR
R85 T, MR EE M . R K E R
VAl Bt Bk 3h 7 24 BF 5 4 30 IR S )y 4 S S 4
32 MABSMEEE: NBESREINSRYERM

AR SERME

Y T ELHE I 7 00 Rk A e B LA ) B a6 3
BRI M Rk RN K b 0 R R, e g 4
J7 V5 R A X ) 2 Bk RS Y = 4k | DU 4k i 5T N )
Y, BN N S 58 B R O T Tl o YT 5 A
AR 22 TR B 1 G R B — B VR AL B e
INE 3 35 B 5 A O T - R R VR AL A o R I AR U
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DX 3 N 7 5 1) 5 0 ) 45 8 45 B 5 GPS il InSAR 4%
K b I S S T A B AR R 4B Bl 2 R AR
(Kreemer et al., 2014; & 33wl A1 X1 7l 42, 2024) ; 1 44
AL A I o DB R TR DL RUBE Y a5 A 48 %
TR . BRI . ROEE | W S 9 7E 48
— Y EAERL T AT AALR G, RS &
PR N I LR O . W TR R L B
LAIE7E L S INPS S HN X ST RRSE AT SURIE €/
Z ) B 5% 22 S B AR #EAT U Ak K A, 5 an ) T = 4 5]
VR 38 7 3 B A B L R g I Ak A
T X (X 7257 4, 1993) ¢

KR B GE T 1) 8 SR AR T A W B AR Bl L )
AL E RN XN ) AR Ok ST
LY Bl 2% 2 vk K BB AL S PL A o ) Bk
AHES A, TEB R A 40 2% oR B b 5] A9 B4 1 7 B AR
R Q5B ) i S B R AL, R
BOE TR A SR, N S R N ) R, IR
AN T T 0 SO T 5 A R AT S B R R 5 R E s N A
A WT 2235 NS B L ) S 450 g AT T 3l e 24 P
1R B AN B8 B0 () B ) 3 AR AR, X AR T i o PR
149 305 DB J2 U 00 50 Al R T A ) B S R (A R
%,2018)

HEWUHE A B N ) BRI 5T, SRR RS i

P e AN S5 2l ) AR DR e R R -

b~ 17 BB HE 58— Bl 1 24 HE 2R AR B LS A B
P AL AL 5 AR 2R AR TR 5 ) i g X B
IR LR, R E ) HRE S B MR 45 1) 5
PSR B, 6 G 24 SR Mg I 3h A% JR) LA A B RO
Rl R B ML) P 28 sl AN X Tl 42, 2024); QK R ST
R J5 B AR R UK T 35 0 AR 22 0 5, T A e R R
b0 2 FUORS 20 A B AL, BF 5T K M R S M ST TR AR
(PL 1E B 45, 2004) F1 AR W vk 1 5 H 76 35 4 6 45 GRX
WA, 2020), I A A R R Hb 0 O AR S50
33 WENHNSHERAR: NN AMEEZENE

5 “ME-#iE-A1" hEHFER

KR e N g5 B 5 B2 E kAR
b AR G HE, SR DN ) 2R A R A Ml AR AL YOG
S, A% 7E T R Y 0 B 2R e S B0 2 B
055 0 B8P BIOR AS BR A AN M s A S, DU IR
& LR NI AE AL | I R AT X — AR AR )

A 5N BT T A ) B IR S i) Hi R T
R . O “WERE” BE LR =, KRR
FEBE AT &, BE B  HR G A 5 5 &

L AT ST W7 )2 25 R AL B 55 A0 L T 9 13 ) 52 ) 5
QEE RIS, 75 B Rl 27 S0
Yy GRS AT SR DCAE R IR 3t T R B R Y
Z PR N, LA 5 R IE W BEARL R O B {K
I RS 5 M 72 i S v 2 B O &R R R R Y )
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