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Abstract

Estimating the spatial distribution of coseismic slip is an ill-posed inverse problem, and the solu-
tion is non-unique. In order to obtain stable solution for coseismic slip inversion, regularization
method with smoothness-constrained was imposed. For the implementation of inverse algorithm,
we construct a smoothness-constraint model with non-uniform slip on the fault plane, and pro-
pose a fast and stable method for choosing regularization parameter. In order to get reasonable
coseismic slip distribution, non-negative least squares method is adopted. Inversion for a synthet-
ic model with uniform coseismic slip distribution shows that the inverse algorithm is effective and
stable, and non-negative least squares method can reconstruct reasonable results. We conduct
inversions on the 2005 Nias earthquake with smoothness-constraint regularized method, and
make a comparison of other results. The results for the 2005 Nias earthquake indicate the maxi-
mum slip is about 12.8 m, which agrees well spatially with the coseismic slip distribution of Konca.
The released moment based on the estimated coseismic slip distribution is 9.91 x 1012 N-m, which
is equivalent to a moment magnitude (Mw) of 8.6 and almost identical to the value determined by
USGS. The inversion results for synthetic coseismic slip distribution model and real earthquakes
show that the smoothness-constrained regularized inversion method is effective, and can be rea-
sonable to reconstruct coseismic slip distribution on the fault plane.
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b R 7= 1 3 A S e 1) AN i E FA (ill-posed),  He i 45 R ACH AEME— 1. Ty 13 5 SRR AR Y
et Wb SOsE S R AEME— 1, TEEIMA IR LA AR A AT IE WAL S . ARSEAS [F) (1 e 30 240 SR 2 A
BEARLZ SR H bR oA B B /MR AL B IRBR FIBORIEBAL, 23 6 R S~ 75 Fll /Ny B 2
S H T AR NI S50 B S AU 5 AR /N . Masterlark S35t Vi s & (1 = i S HCR L 3 W2
E] (R0 TE B, SEBL T A [ T 2 e A 1 1 2 i () G I 20 AR [ 1] s Tong 28R A sh LI — B S 28U /N AT 2000,
SED & — PR 2 R E 30[2]; Maerten 25841 T = T8 5705143 10 R i< 51 (scale-dependent
umbrella operator), 45 E FURAARIRIE, SCH 12 28 0 AL S 1) (R FR W Bh A B . 34, RIAEALE
FCEAFIIN T JeB e Lo 26 F, (H T GPS Wl E50H 16 40 HE AT SR e CRAIE T2 171 P 3 7 A B AL )
HEME3]: LR, BRTORIBARSS, FEMERTHEBRMZIH; Banhart f1 Lohman 221X T [F @ s M,
FIF e/ ikt AT SR AE[4]; Pollitz 264 2 [ e BI4lE v skl i s o, N R EIE 3h & ([5]; Fukuda
H1 Johnson KW 2 1T 350 A s i vl R 2R 1 S B AR 2R M S 5000 8, TR Al 2R S R R M S v
H R T R BHR[6]s Ziv 55K A AR S/ IR g T 7] 78 S s F o 8 i il R, i B AT T Ak
FLR[7]. B, JelGyai Aae—M LI, 10 2 M LA —Fh s il 29 5
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Faseth, woEH E SRR AEI K friz . IENMEIE kg 7 RIER EEMAXT %R, o) 35
WERARER, /N 3G LRI EE, Pk, IR AR 7 AN [ BUE X SO 45 R A 25
Wi, Yabuki A1 Matsu’ura [8]. Fukuda A1 Johnson [9]3 i UL H75 JE vH U0 B AR DR 7, R A o 5t v
BRI UL R BAEA TR EL, (B S E)AK; Hreinsdottir 251 FH A2 XUB6AEvEE B 2 1IE AL S50, SRifT
TXARAGAE AL ) SEtS AR BN S A, FEARVE BIHE BRI 2 AR B A, 10 H A DS AR AE AR DG A B, X —
D5 RAR B IE WAL S 5 A AN AR [10]; Barnhart A1 Lohman ) FH R 7Y 3 4 R0 B4R A B 09 1 oR S50 B IE
MR T, % SR AN T 2 4 0 A, FLGE e 75 508 s sl RA[4] Jiang 55 R A DB & 22 5 kS
26 Z 5 IR -, PR 2 1) il 268 A K i B A A IR AL R 7 [11]s VA ZESE 3R 73Ty
ZEor BAN T 7V IE AR 7, %07 VAN AT CARH 8 A (R B S A A A R, 1 HLI BB 7 31 1 )0 4k B
THME, T T J7 25w B T30 @ BUR R e FI[12]

A SO R DG ORI IE ML ST, TR R B sh & A, A Green MIECRHA
Okada 42 (45 T A BRIk 2 R R FE A A 55 7 VE[13] [14]. SIS B FE b, A Ik 2 i 25 A0 B B v
BRI LIRS, Bt —FhPs AR M IR ML R 7R B, R AR /s i AT SR Al .
O S BT B o AR AL I e e 5 R SR/ e St U AT, BRAIE SO TR Rk RS
R FH e P 0 s (R M e, SO S BEE AR e s Rl Xt 2005 4F Nias Hi i )R] 5% ¥ 3 70 A
TENUAR S, BRI EH AT AT JE A3 1 22 5 DA AN R SO 5 7 vt 40 [ R T 3 20 AT A R
2. BBEREZ
2.1 EEMKIE

18 31 W7 5 1 1) 7= 0 23 A ST ) R e AN g FA (ill-posed), S isi 28 R BA HRE— P, tatE AN IE
T BN RS AT AL BT IS AR e S B0 5 00 s B A RIS FE LG o O T SO R A A MR AT R ME— 1 ]
Wi, EE 5N Tikhonov 1 1E 4L JEAE15]

P7(m) =g, + S, @
Arb, PA(m) v AR m O SR m i, B2 10 5] R i s &, G4 7 ) v sl B R v i 3
B AENRCE T ¢, RIEEE 5 PR 2 72 16~ 75 A (RIEEE B bRk %) ¢, Nfeoe SRR 20 H
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DRI, BT 22 T [ 5 0 70 AT B ] A8 1) H b ek BT R
P (m) =|W, (Gm - )| + W, mlf @)
X G NI SHs A BRI AR 2 [ (KA AR R AR d° U B ) Hh R AR it ) s W, SR AR
FRHOE R, (BB ALIUSCHR 1 e 56 2 BT RS A WSO N, AW, = diag {10, Yo, .-+, 1oy } s
W, NEBIRCREOERE, 8% LA B BUEREE G .
¥ R HARREON m RIS HET 0, nSL&IEIT A

(G™W WG + AW W, }-m =G "W, W,d* ®)
VU T A5 W J25 T 50 70 AT B 5 ) R ) i/ 3R«
M = (GTWSW,G + AW,W,, ) -GTW, W, d** (4)

N T et/ AR BT B RIS B S o0 A, AT PO S E AT AR AR, Blm>0. XH,
TR AR S /N SR AT SR, S T A5 B AE 103 3l A e e 2 1 B T [16] [17].
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Figure 1. Schematic figure of fault patches for the smoothed coseismic slip
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KM Tikhonov 15 Ik 75 V25 gkt S e R AN SE PER, - (1) FR IR AL R 7 B A8 i R e
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A &y 3R R g —rS8G &7 Mg o alRas R p i S5 BN TR R R
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3. AR AR

KRR B A s S A P A K E A 16 km, %6 EN 8 km, FEMMAA 37°, Hif N 60 HIWIE, H b
TEEEEE 2 km. BWIERD A 24x20 FFHE, FESHERD LA —EREshEE 3(). K
3(b)FE 3(c)), IEBMAEEN 63.4° , Hrp i KERMEshEM B RKMIAIE3I &S558 10 m 1 20 m, &
wKIEEIE AN 22.4 m.

FRYE IR FRAGIT 2 A A2 To PR 1 5 #iph: 25 1R) FR ST AE A 2R, 76 38 U2 A2 R I 5% P v 407 43 A1 g
A, LU A A 441 N (LA DR =4EEEARS . F 3, AR E KA,
HEKEL N 179 m; HELERREEENE, L PSR ELN 4.02m.

SR R, SERRTFE B S BN BN 24% 202 =960 o 4] 3(d)~ 4 3(F) Ek/ AR s T
gEH Oy RIRF N E RNE BN AT« AR S AT A BRI B A, AR S B R 1 YE B 4 A
W& HREF, HERNEsEMMEE s EA B T AUl XS5BT SEEME s BT . B 3(0)~E
() NIAETER/D TR s TR R, 43BN R A E R Bl A RS B A SRS B A, Hok
ERWEhEEN 102 m, BAHIAEEIEER 211 m, BERREIEME A 23.1m, HOMEERES
AT P S A SR EF, ke T HIE S8 AR RS R,
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Figure 2. The best regularization parameter used in the inversion
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Figure 3. Coseismic slip distribution of a synthetic model and inversion results
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Figure 4. Coseismic displacement of a synthetic model and inversion results; (a)Observed data; (b)LS inversion; (C)NNLS in-
version
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Table 1. Numerical experiments with regularized inversion for noise data
1 BRERERENRERS

TR j&m—d=|/|a>] lel/a=
1% 3.0x107 1.7x107?
2% 42x107? 3.4x107
5% 8.6 x 102 8.9x102
10% 1.7x10" 1.7x10"
15% 25x10" 25x10"
20% 32x10" 32x10"
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Table 2. Coseismic displacement of GPS sites for Nias earthquake
5% 2. Nias #7Z GPS MMk S IR B A%

LI 355 44 ZEIE ZEBEI°N RV A B Imm AL A Imm TEEH A E/Imm
BSIM 96.32 2.41 -1809.4+1.2 -1536.5+0.7 1600.5 + 3.3
LEWK 85.80 2.92 -1214+1.0 65.8+ 0.6 -57+28
LHWA 97.13 1.38 -3082.7+15 —3356.2+0.8 2870+4.1
PBAI 98.53 -0.03 -54+0.6 -51.6+0.4 -589+1.7
PSMK 97.86 -0.09 —81.3+0.8 -796.3+£0.5 275.1+2.0
PTLO 98.28 —-0.05 90.0+£0.8 -141.0+£ 0.6 -41.4+26
SAMP 98.71 3.62 -114.7+£0.7 -136.9+04 26+14
ABGS 99.39 0.22 —44.4 + 0.6 -10.8+05 -29.5+0.2
MSAI 99.09 -1.33 18.1+0.7 -8.1+0.4 -12.0+1.8
NGNG 99.27 -1.80 92+23 -6.8+1.3 -56+6.5
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Figure 5. Coseismic slip distribution of the 2005 Nias earthquake; (a) Strike-slip distribution; (b) Dip-slip distribution; (c) To-
tal-slip distribution
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