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Abstract

The ascending and descending ALOS-2 satellite PALSAR-2 SAR images are used to extract the cose-
ismic surface deformation fields of the 2018 Mw 6.4 earthquake occurring in the Hualian County
of Taiwan. Hereby, we present a desirable mathematical model for solving ground deformation in
east-west and vertical directions based on the ascending and descending InSAR observations and
achieve the two-dimensional coseismic deformation fields of the 2018 Hualian Mw 6.4 earthquake.
The results show that the most significant vertical deformation is across the Milun fault, and the
largest vertical displacement difference between the hanging wall and the footwall is ~0.28 m.
Another distinct vertical deformation zone is found near the Lingding fault, showing the uplift of
~0.2 m of the hanging wall with respect to the footwall. The east-west deformation field shows that
the northern area on the hanging wall of the Milun fault experiences the maximum eastward sur-
face displacement with a magnitude of ~0.15 m. The maximum westward ground displacement
with a magnitude of ~0.4 m can be found in both the southern hanging wall of the Milun fault and the
hanging wall of the Lingding fault. Due to the comprehensive analysis of the Coulomb stress change
caused by the coseismic faulting motion, spatial distribution characteristics of the two-dimensional
coseismic deformation, and inverted fault slip distribution, we find that the main fault of the 2018
Mw 6.4 Hualian earthquake is a blind west-dipping fault, and it may rupture and propagate to the
western side of the Milun fault, triggering the ruptures of the Lingding and Milun faults. The Milun
fault dips to east with a high dip angle, and the coseismic slip is predominated by the left-lateral
strike-slip with slight thrust motion. The Lingding fault is characterized by a west-dipping high-angle
fault plane, presenting the left-lateral strike-slip and thrust faulting. The maximum slip magnitude
is ~1.8 m, and is located at the depth of ~5.5 km of the seismogenic fault.
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1. 518

2018 -2 H 6 H, HEGEAMMED LRI RKE Mw 6.4 ZLHIFE, ARHE 55 [ H i I 25 /5 (USGS) A
FigsE R, U EE AL B T (24.134°N, 121.659°E), EIFEE~17 km [1], RIZI[HEisshes Ltk
WE R =g, #E 2018 422 A 11 H 18 i, feiE B LGk 17 NiBxE. 285 A%, £#
EHEI .
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T R R AL TARIB WAL, ARABIRIGE, MEAR, £6TE MRS L
Gy 9t[2]. WA PRI RO, ARMCHIER SR, PIARERI2ZIC# 22~80 mm/a [3] [4] [5]. IAHE
AR, WRNBWRLEEF R T 30~40 mm/a [Fih 52 K45 & [6] [7] [8], T EUHT M 2y i fR V& B Ak .
R b [ E S IR R, JEANER, EIL4 21°N~26°N, LKL 120°E~122°E K67 5 M i e
B, JLRAT 10 K Ms 6.0 L LA ERGHE, A moaRE FAAL T 6 10 5 DUR I 55[9].

FEIE I KRG OUR A o, IR RE R 6 B R L X3, B AN R DOKAG W 2 o R
TR B R R W Z A S I R . AR ACKAC W Z I EE R I 20 km, 1% XIS B3 R AL R T
A REWEERIE R, BORIWE 2 FREMA RIS, VAR — 2o e, kb, GPS B
A5 37 5 ZNAE AE I T R 3 A0 25 TR J2 T H R 2 AR A2 [10], X T iZ7 202 75 th A i ol i, B
ARk — BRI,

P& LA B 5 T30 & (Interferometric Synthetic Aperture Radar, InSAR)EAR 3K EL 7] Z AL I
JEAIC R BRI T, CATEE NAMER 2 N H[11]-[17]. fEEE KRG, R KA Sentinel-1 &
AH AT/ B ALOS-2 T2 IR E LIRS 1 78 55 7% X & L 1% 5 15 (Synthetic Aperture Radar, SAR)
B, FFHEET InSAR HIARSEHL T 2018 464 i E 1) [F) 7% Hh & T ALk (Line-of-sight, LOS)J7 [ JE4L4,
S5 R IRICEIR X KA W 2 L R AR A LOS miMhRizs), HEWHZEIZ R4 7. sk, Huang
SR HL R AR (9 INSAR M S A, WA T 2018 4F 2 H R AL 6.4 SR W2 LA S RIE 2,
SEREFW, ZFHRDW K 3 AW, QR T AT I — A FE M E . — 2P W7 R A AR UK AR
2, RS E N Eh S R S I A g A A [18]. Yen SR InNSAR Al GPS $#Eic sk T kit
MR, 52 R SR e BE T 55 15 (1 1 )2 s B A 5 AT AR b vk b 75 (R FB T A8 3 [19]. R4t
Tung Z5FIH InNSAR F1 GPS %4 SREL T bk b fE MR AR T, 45 3 B R R AR Y = AL sh 7K AR I 2 NS
TR TR PE, R WI e E il R T 2 AN R 3h[20]. (HAZBRT InSAR WL AE KAk 75 s = 4E T AR e B
BEIBNFITFEE, BT LOS [AJEAEAN T F Wi AH 56 A RE /2 76 =4k 2 [A] 9 s 2 e Xl

PEERIA INSAR HUAE R VEW ZIZ SN RHERIRE 77, FHINERXT 2018 458 1 7% i 2 A 2L ER f) 1R A A
A, ABEFRERG TR INSAR JEAREE, M T ARV NS I A RS R, IR T 2018 4R
TR AR —4EIAR Yy, FHABAE 7 AN THBE S INSAR JFUUALIN, J i — 4 3 LA AE R 7 218 5
UG TS, iR =g M S 2R, SaBEWERTHIEE. FEEMRN &
HSCIE W R B, e T ORAG W7 RS T 2 A 2 ke 52 2L, v 2018 FE 3 RE it e 4t
TR S H TR
2. TLEHR InSAR $HELEE

AHEEET 2018 SEALEHFERT /G, ALOS-2 L2 PALSAR-2 14 A% MM 3K 15 i 1635 1 X T B4 7
BB EIECE 1), BE S XIRWE 1R, HA A RO 2T 4 AR TR FHUA
BAESE, BiaffERRERERS, BESLOERNHXREFY, HPERRSTRRRE
FHL

Table 1. Radar image parameters

* 1 Bk GEER

BB T A FHRBEE-H-H) AWEBREE-H-H) Wb 772 TILAC) N5
FHER 2016-11-05 2018-02-10 HH -10.99 27.80
P40 2017-06-18 2018-02-11 HH -169.73 40.55
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Figure 1. Study area of coseismic surface deformation of the Hualian earthquake. Orange stars show the epicenter of the
Hualian earthquake. Black dotted rectangle shows the coverage of ascending and descending ALOS - 2 SAR image. Red
dotted rectangles indicate the surface trace of the inferred main fault. Black arc is the surface trace of the Milun fault. Red
solid line indicates the surface trace of the Lingding fault. Warm color solid circles show the aftershocks sequence of the
2018 Hualian earthquake

1 HEWRRREMRETMRX, BRERLAEATENERS, BRELKEMIERR ALOS-2 DEFA. i
SAR G BETEE, TEBEEMENENNEIRMEEMRIRS, BRIMKNRREEMRNE, TBIEIE
TR RE, RESUOER 2018 HEMBERRFT

FIFH GAMMA B Exf ik PALSAR-2 824433547 InSAR T 4038 [21], 3541 1 30 m 2 ¥4/ SRTM DEM
AR B AR SRAF 22 73 T SR A B0 B P SR AT T30 BB B 4 [22], H5E A Chen F1 Zebker
FEAR ) Snaphu BTG G 1022 50 T BT ARG AR 2B AL R 23] [24]: HREEI TEPUERZEKRS, R
T T £2%0>0.3) HAEEUERR RERA, BRIERIUEIRZ 7 2=([25] [26]: HAIE G 1%
ITHIIR R, 23RS 2018 AFAEEHE TSN INSAR [FIFEHIERTE AR (K 2).
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Figure 2. INSAR differential interferograms of the Hualian earthquake. (a) Ascending InSAR differential interferogram; (b)
Descending InSAR differential interferogram. Red solid line represents the fault surface trace, and the yellow stars show the
epicenter of the Hualian earthquake

2. FEEHTE INSAR Z5 T E. (a) FH3i INSAR Z5TI5E, (b) 31 InSAR £ TS E, &KL RTEEM
R, AETIREALERRER
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K 2 BoRAESERUR THE B INSAR AR TS0, Hob— AN H(—n B m) K156 803240, X Rt RAE TR
IEALETT TN K(0.1145 m) AL A%, HIAMER AR B YOBOR, HAE TP IR X B2k o S . Tt
B E R (A 2(2)) AR B, DAL B R 5 R AR SUR AL R AL 1R 70 AT L KAR W R AN TR Z I, % %
Z XKL T ED AR HR TR TT ), 77 2 KT R QU Tl = a7, A
(8] 5% 28 73 P AL R A TR AT T e LR R g SIE RN . F AR, BT REMMER, B
TR (K 2(0) TR SHE R B AR ESTHIE 2(2) ANF], R MR ar L B
KACWTZAIZR M, ELFEPUEARAERACIT 2 ARG 2] (3t 2T A R RS 25 KT TH . A, THL InSAR
Kl A5 2 T 2 8 A B B A TR, X e H 02 DX R A A B i 1 F )

K 3 NEE R R A, Horh e (i X B Ar S LR, WXz aE e, T
PUEAA(K 3(@) B, TGEMIX E7F 2 XK, TRARRHEEEE RN T, (B1EE % 2 KILUIEX A
RHERLE PEMFIZNGE T, BT X RENSEL P REMRE) FEZA T RCHERN, %2 e
iz 5 P RS 2 DA T ORAB W R AR 17, HEEI AL B TR IS5 R 7 ARG = 20
Ao BEAN, F3E 2 FAE 2 TO 2 vU A DL 25 (5o DA i aRizs), Hm KA ESHE 0.22 m,
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Figure 3. InSAR deformation field of the 2018 Hualian earthquake. (a) Ascending INSAR deformation field; (b) Descending
INSAR deformation field. Red solid red line represents the fault surface trace, and the red stars denote the epicenter of the
Hualian earthquake

[ 3. 2018 TL3EHR INSAR 22 . () FHEN INSAR F2ZE47; (b) B&3A INSAR 2AE17); 41 & KRR RN,
TefREANERRS

INSAR FEHIEAZ (14 3(0)) s KA W 2 AR A7 1 235 1 [F) R M 3Rz 3, o SEils TR J7 n B A8 i K
H2~0.25m, i TETT R KA EL~05m, BUREWE LN H KA #%£1E~0.75 me 4, T
BTN AL 335 S m KA 2 2R 0 Hh A8 S G v N B8 23, AR [) 72 T )2 (1 e 2R B v
A, WiE ERRES EAAR TR ENRE, PR E X T A A 25 5 [26] [27] [28] [29], WTHEMTK
YW 2 2R AT 2 o [RIEE, K4 FHBE 3L INSAR TEARIZREE , 7EA 5 FE 2 THWT 2 AR MR AR I LT
VBN TR 2 M PE Rt . 75 ZHR 2, TR RIS AN RE B2 I W J2 78 = 423 /] 14 1)
B, T PR AR AR = 4R TR AR 4 4 LA dE— 2B o W 2 38 sl L B

3. MRTHEMERRSGE

INSAR RGN R AR LI vy = 4B ARAE TR AT IR I BRE,  JL R I sl A mT AR b e et e £ 12
B AR TGS, (AR ATHE J LR . GPS SMARTE . DAL FUET 418 42 B R 35 /2 DAL AR
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YR A AR RN S M, TR AT AE T R AR BB, HAVE T A i 218 sh L o
BIUE, #5 InSAR Wil LOS [T e B L A i =S (A ARk R, B BO= K se A
R B A AR B LAY, ] R A AR AL AR i = 4R T AR I 450G 2 R [30]

dos =—dy cos(a—g?n)sine—dE sin(a—%}siné@du cosd (1)

Hpd oo BARMLIIEE, dy. de« dy 20lERdb. Ry gl RIER S8, o Ml oRETE T
FIAFAMEBNG A BT HIE TRITREIL TR A, TR AR T #6771 T AR AN UK
[30] [31] [32], LAASSCAHFHY ALOS-2 TLEHIE M, FHIt. BEHL AT I M550 349.01°, 190.27°;
NS5 27.80°, 40.55°, iFE AL, AR, mEE4EEEENA LA TG R E(E 2), KAl
) JE AR 5 R AR /N T AR PU AR B ), 3E— 025 rR sl A T B0 InSAR WL e v = AL A v =
YT AR I AR5 I, b A 1 2 R I T 1 A R X L [ 2 28 P B ik 7 o vl 2, 6 T 75 3 AR 7
) RO B ] 4R 5 TR T B AR 9% R [33] [34], Wk 2.

Table 2. LOS projection coefficient of 3D deformation
F2 RS =HME LOS EIRFFH

5[4 R =
FHEL —0.0889 -0.4578 0.8846
[0 -0.1159 0.6397 0.7598

d,oss —sin(al—%z]sin 6, cosg, de
= 2

dioso —sin(oc2 —%)sin 0, cosob, dy
HoMhr LA TETH, Ths 2 8 PERER, HESTRES XS ARQ) R . RLTHERTENL
FIFEAE AR D = (dyos; Oros, ) » FEHRRBUERES A, 00 [0 FITE B MR R X = (de,dy )
W) _E AT 2R A
D =AX (3)
—sin (al 3:jsin 6, cos 6,
A= ©)
. 37 .
—sin (“2 2)sm 6, cos 0,

Wt A 3, FRAFHUER AR PG AN B 7 [ AR
X =(ATA)"ATD )
ot X RS AR VY A I ) 4R LA &, o] T2 Mt [R5 SR I R MR AR T 25 [B] 73 AR RFAE
R A T W R T L T R 2 s sh AL .

TSR AR, AR R FE L 7 M AR TR IR S R B, e — e R LR A
TSI HIRE R, X% 1) 0 ) fE A8 0 T 18 00 O S O I 5, 4R 0 o A6 T e 25 i 4 SR s e e il
AR, g R AN Z LA ARSEIGRIS 1 LA AT MR 5 s, (B LR R a5
HCR] A7 PR FIORS B 7 TR A AE I 22 BRI R R [35] [36]. AU, B B FHB#%H InSAR $diE s i 2= vt Al 3
] e IEAR Y, (E DRI [F] S e 4RI AS AT B B S A B .
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4. BR5VL
4.1. BHiEMRT TS

I L3R — YA ST 1%, K151 3 B AL FE M = T e T SR A2 1) T2 AR Hee 46 0y 1) R AR G 17 22
(K 4). EEFEARE 4(a), K 5(e)) w2 Tk = P A-EAR X R MK T2l H = a4
AR WIS T W R A, WX TH R N A PR, 2 — 2D 0 2 36 TH AT AR b Tl e Tl = 74
DI 4(a) SR ORIR DX 35),  HLiE 2 ol 2 A2 B T i (14 5(e)) s, MR AR F: B4 2 3 BT
JEWIM~1 22 BN RE R 25 (K3t R AR 8 R R A SR AR R R AR (K W 237 X, 3K 5 v A
W7 2 2R3 B ) I R T AR 2 8] 70T — B, DRI HEWT 2 T S22 N BAT U R . 5 8 s BT = 2 D
B WIENE, ATHREHEN % T R E I e B iz s #t—20, KRB 4()) 8%
W2 P A AE R R PG R #8385l S KT RIiA%~0.4 m, RENIZWIZE BA ZEBGEI RFIE, 456
[ R TR AR AL SR 5 7 HT AT, 28 THUT 2= N B AT e U W24 AE,  HL IR R R QLA e BEAE T 9 5
Hifipriash. & EIEERE, InSAR THHUMLIN &5 SRAE S THWT 2 A AR THEA B 22, 2% B #rid ik
R BIANASZ I, AT AR ROUL I Kt e S 4R 11 S e RS B B 0 A R

4 S KACWTR MHE ARG DU R A%, R WUR R M R AF 236 THAN T UL 5 (K 4(a)), HIA
I AL T AR MG ) R A% (B 4(b))o AKAGWT R AE R, CA 0T SR H AR R s W2,
B Zh ML CLE a3y E:[26] [27] [28] [29], HRELE— YR SFAF, F—WiRiasiEE A Melia
SR AR ) A5 8] 70 A1, BRI, B —RAR W= IR 5 78 W2 AR M3 BT 170 58 4 e HL M it 2
RIRIZS) . BRI, AEEM R R AL TORIE MR LSS, H R FPa R, R v
J7 EARdE, TR R AR R ER AR AC TR PU b — (1A 1), Zia A EAR R, BATVOEREZ
(151 1 55 5] 4() 21t fE 2R A B =) B A 7T RE P R Y57 B A SR 3k S K AR T 2 T, IF ik A RAR W 2 AN 25 T iy
JRRAEWER, BEME ROZ X I EON B2 R Is S

24°00'N

6'E 121°42'E
Figure 4. Vertical and East-west deformation fields of Hualian earthquake. (a) Vertical deformation field; (b) East-west defor-
mation field. Red stars indicate the epicenter of the Hualian earthquake. Red dotted rectangle is the inferred main fault of the
Hualien earthquake. Black dotted ellipse indicates the significant deformation region in the near field of the Lingding fault

4, HEMREEMFAE_LERLEG. () EARES; (b) RARKEY; I8RAEARERERD, 48
REAE BRI E R ERER, BRELHEMAZS N RLNEETHXE
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5 2= R AT B, A B TR W2 G SR AR, R 4 o SRS TR =
SRS I R T2 (AATHT BB HITH AR ES KIG T =, CC RIS X T =), Jf2 i) H 2 ) AR 74 [ 2 AL 51
(14 5) . KAGWTZ JLBL AN E~7 km, I A H I (K] 5(2)) AT i, RGBT R LB i i
B, ARMGETH PR X 2~0.28 m, 73 AMEARAC TR MR AR I, TRARBEERIRIG R, 183
J7 R AR B o AR V8 AR AR T (P 5(0)) SR A W7 2 b B ra il LLFG ) 28 3, R0 A48 2R [ iz
%, KM AA2~0.4 m, S FEAZHIHEALL, Z- 05 A2 ] AR AR B = R B AR 5 17 B
AR, IXRWPRACET R ACBL S Sl i 2 X I 3t R AR TS vosg PEAE T -

[ii] ® ] i
(a) 0.3 ‘ (b) 0.3 ‘
0.2 i 0.2 i
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Figure 5. Deformation section across the fault of the Hualian Earthquake. (a) AA’ vertical deformation section; (c) BB’ ver-
tical deformation section; () CC’ vertical deformation section; (b) AA’ east-west deformation section; (d) BB’ east-west
deformation section; (f) CC’ east-west deformation section

5. HEMRENEHLTHE. () AANECQFRETEIE; () BBEEELRE; () CCERMERIE; (b) AAHR
AAEEESE; (dBBHARASEEERIE; () CCHARRLRFLESE
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BB ARSI A TRAC W Em By, KB ~7 km, g il (] 5(c))8on 4R 10 P B35 i AR T, 3
TE W J2 BRI R B 2 AR S35 AR, T2 P 035 e 5 T 2 52 LS Rk 5 188 38 A, 4T sl SR W R AL
b7 = 9 0] g R ARG A7 ~0.3 ms HLAR 1 ) 51 1 (1] 5(dl)) s T = 2R P R Bt A R A W] S IO VE S AR AL, BT =
55t KRS AT F~0.4 m, 35X — i Fh 1 RE S5 40 Hh W J2 110 [m] 3802 2 88

CCHIHZBEE TN 2, SPGILARBEAE R, KBE~5km, I [ 311 (5 5(e)) 8 on 2Tk 2 76 4137
X el tth AL A 2%, ABAEITWTE AL R AT AR RS, B BB KARXAL RS 0.2 ms AR 7 [l J2 AR 51 THI
(& 5(f)) TRl 2P 8L LAV 7 8 o 3, (HTESEIR W2 A LA # 5 fH—-0.4 m BEAZ 9—0.2 m, R AFZETH
Wi Z R IE B B2 o D RS TN 2 00 5 R YR, A0 T U 2 s 2R R A b R R S TR R
SEHRAE T BERENZBR, b L X N RE) . FERHMZ, 2 InSAR %4
RAHAEF , ZETHU T 2 A2 00 F2 AR R T e 52 31— 58 52, H CCHI AR = AE KR B — e S5

25 BRI, SKAG 2 PN £ K 45 76 [0 A A2 RS (AA: ~0.4 m, BB’ : ~0.4 m) kT3 [A] (AA’: ~0.28 m, BB’:
~0.3m), H—BHERWERABIR, RIDRACW EAE R ZE 5T LLUEME 3y IR R phigsh . 1
ZETHT 2 PR (CC) fe R 2R P [l A A2 8 (~0.2 m)BURH K T T [17)(~0.18 m), 3R B2 Thil Z /% E Hh AR 1) E
WSz B Y, ISPy ER RS MEEs) . A, BTk IeEEE L R W2,
A XS B AE 2R 78 ] L2 il 22 K~0.2 m, 3 [ EE S THIT 2 K~0.1 m, 6] 2018 4R 78 32 Hh 2 KAG W 2 1Y)
TEAME R T T .
42. EMEFRCUE S SRR ERE DT

NT SR E R T RS ERZ LR, BAMKYE Yang et al., (2018) I 7k
TR T W 6 FronfRAC W ZE TN Z JLAEE R [26]. [EIR, A USGS 3REX T {638 Hh R X 3k 2018 4F
2 71 4 O 6 HP IR FAFRIENHI S H (L 3), JFEET s AT B 1 9 - 8 S oK AR W 5 A
UL J2 1R AR T A i (< 6).

Table 3. Parameters of Hualian earthquake in February 2018
% 3.2018 £ 2 AL EMESH

H(F-A-H) ZJ(C) () TRIE (km) R (Mw) ERH(C) i) BEIAC)
2018-02-04 121.708 24.157 155 6.1 70 81 80
2018-02-06 121.659 24.134 195 6.4 209 73 22

MEEPE] 6(a)r] R, 2018 452 H 4 H Mw 6.1 Zth i S 4F 51 (1) BEAS N 717840 i KA T )2 b B
AL T bar, F B CHI R Tt R 1E e AORAG W7 2 L B R o (FORAR T2 R B AR ) B 3
Hahn, FHerh 10 23 LR BT R EEAS N A1 ~3 bar, 15~20 /A BLAE AN Sy E A B 1 ~8 bar, it
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Figure 6. The Coulomb failure stress change on the Milun and Lingding faults caused by the mainshock of the Hualian
earthquake, and the aftershocks distribution. (a) The Coulomb failure stress change caused by the strong earthquake occurred
on February 4, 2018, and the aftershock sequence during the day and February 6, 2018; (b) The Coulomb failure stress
change caused by the earthquake on February 6, 2018 and the aftershock sequence after that day. The red circles denote the
aftershocks sequence of the 2018 Hualian earthquake
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Figure 7. The estimated fault slip distribution based on the InSAR observation. F1: Seismogenic main fault; F2: Lingding
fault; F3: Milun fault. Yellow star indicates the hypocenter of the mainshock. Black arrows show the direction of fault slip
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Figure 8. Predicted deformation field of the Hualian earthquake. (a) Predicted ascending deformation field; (b) Predicted
descending deformation field. Red solid lines represent the fault surface trace. Yellow stars show the epicenter of the Hualian
earthquake
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