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Abstract

Large earthquakes are often accompanied by noticeable surface deformations and

damages. In cases where surface ruptures are visible and field investigations are feasible,

detailed information about the co-seismic deformations is generally obtained in the field.

However, in cases where field evidence for surface deformations are difficult to

delineate either due to smaller magnitude of the events, deeper hypocenters, or

inaccessibility of the earthquake area, remote sensing observations may provide

information about the co-seismic deformations. This study focuses on the 16 May 2007

Mw 6.3 earthquake that occurred in northwestern Laos where information from GPS

networks or seismic stations is scarce. The event also occurred in an area which is

nearly inaccessible. Therefore, SAR interferometry is a feasible solution in an attempt to

understand the co-seismic deformation pattern of the event. In this study, Phased Array

type L-band Synthetic Aperture Radar 1.0 (PALSAR 1.0) images of Advanced Land

Observing Satellite (ALOS) were used, and they were analyzed by using the

Differential Synthetic Aperture Radar interferometry (D-INSAR) method on the

GMTSAR software. Two co-seismic pairs were analyzed, 2007/2/17-7/5 and

2007/2/17-8/20, in order to obtain better constraint for the co-seismic deformation

patterns. In this study, a model for the subsurface fault slip was constructed from the

INSAR results. The earthquake may have occurred on the Mae Chang fault, one of a
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series of left-lateral faults in the region. The main deformation is induced by an 18 km

long, ~8 km wide fault patch with the rupture top is at ~ 4 km of and a 0.7m average

slip. The attitude of the fault patch is approximately (N54E, 89N). The co-seismic

deformation signal is quite apparent on both interferograms. However, the signal is

~15-20 km away from the epicenter locations of most global earthquake catalogues, and

the depth of the epicenter is also different by ~10 km. This implies the global catalogues

may have large errors in this region due to poor local constraints. The obtained model,

nonetheless, is consistent with tectonic geomorphological observations of the area and

the focal mechanism from the Global CMT catalogue. Ultimately, the fault parameters

suggested from the forward model were applied to calculate coulomb stress transfer, in

an attempt to explain the relationship of the main shock and the distribution of the

aftershocks.

Key words: Laos, Mae Chan fault, Differential interferometric SAR, elastic half-space

dislocation model, coulomb stress transfer, Ban Mone earthquake
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W 252007 & 59 16 p FLE ¥ Rk BT 8 (7% # 37 > 2012)

o d BT AR E NG/ ITER B R, G o
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231 Feveens ....... > ‘ ."-'. - h % e * ....... .......
2A3 ........ g ....... § R

229 ....... . ....... ..... ™

ey -
227 F- e . ....... \
226 - R . .......

225.. ....... ........

(B)
x10

23k

229 ,. .......

228F - ..........

(HZ : m)
[X13.21 : HHtiIZ[X3.19 & [X3.20% /& L Adot TERR L 7= 3 5iff

W26 ¥F R4 INSAR B+ 28R £ i E

(A)F i 472 Matlab & 3 INSAR k- RIS % o (B)inr § ¥tk It i 17

BOUAETA LAUKoA 547 AL L 8L 0 TR 126km ;s A L ETE L A
#4324 > AL L 89" iFR 12.6 km
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% 2.1 USGS » ANSS » Global CMT R % # #1712

Global CMT
USGS ANSS
- Catalog
5B 2007-05-16 16:56:16 | 2007-05-16 2007/05/16
FRE UTC+08:00 8:56:18.4 GMT 08:56:14.12
. 20.470°N 20.5030°N
B E 20.52°N 100.89°E
100.690°E 100.7320°E
BRIFR 23.8 km 12.6 km 9.0 km
Mw = 6.3
M 6.3 mb=5.7
BORARA ' Ms =6.4 Mw =6.30
M_ 6.1
Scalar Moment =
3.35e+25
(strike,dip,rake) (strike,dip,slip)
(335°, 56°, -162°) (324°,81°,179°)
(235°, 75°, -35°) (54°,89°,9°)
- e N/A
T
(235,75, -35) " P

16



http://earthquake.usgs.gov/earthquakes/eventpage/usp000fc2v#scientific_mechanism
http://earthquake.usgs.gov/earthquakes/eventpage/usp000hyfx#scientific_summary
http://earthquake.usgs.gov/earthquakes/eventpage/usp000hyfx#scientific_summary

d AT RPIEMIE S L AR RBERETR A THEY O FRFEE L
B 5% o B~ 17 e BT AL (complex data) (% 5 3+ BoAp M B & A0 F AR KR #AR
B F R £ A+ g pLke(Differential SAR-Interferometry, D-INSAR)E 31 Ie & e
A58 v 3 =i GMT blockmean 3+ & "% 247 & ~ &€ #78~#k 2 {4 > %% Global CMT
B H DR IR A2 0 A gk o o G 03] (forward model) - kRl 2 R
B ] TS A Rl G EARCA A FIEE RS R Fk

S H s BERZ b 4 o B 48T 3 Bl4c-B 3.1 -

31 &3 =5 &% #H(INSAR)

3.1.1 B4R F Z(SLAR)# & = 3 jT F £ (SAR)

@ 2 (RADAR)A_& s T 1 ik]{- T (Radio Detection and Ranging) 135 & » @
FAREEE > w2 BFF TR B8 E P IR ED BT R Mk R

20 e k@Ip RF ALY BT R RN

CiER BB T E R s F F R TS s R AR )

RIALF i 2 B AR & (look angle)4% F ¥4 £ o3 T 2k (B 3.2)° 7] & o8 5o

Bl @i kB B ATIEERE S A E 50 K u(active system) o § ]2 PR 3T
B & F Bengg B2 4 de 5Nk Ko(passive system) o G BN kBt 2 2 F REFER] S

bebood g 3B S Mok (£ 3.1) 0 R £ Y A 0.3-100 cm 2 B > 4k
MTRLELLFRFNTENS > REFERLEFEFHEPFT RE X AT - -

Ha T FRAIRHRBRRE R A D S A E o R REN 22y RN

ERTF AT R REF 420 TRALII L PP
£2EFRBDTES T ST T o A ETRR AR L AF TR

ki ALOS Fh chl-band » L& 5 23 o4 o
17



1-

(Raw data preprocess)

v % &% (align and focus)

Witz 2L EEE R D

H-$4p = B (DEM to topophase)

+ 37 2 g (interfere and filter)

p = f% & (unwrap phase)

# 12 2 4y (geocode)

AP S FRFSE
LB E B RRN

ST R—
| 2_
3_
L A FLE AL
A B A e ey
GMTSAR T & | ™
L1 4-
L | 5_
) — 6-
Okada 1-
A 2-
ACY 1-
$#A5 B 2-

RSP S FRFSE
ELELE R BT R 2

W31AEFmfEs LW

18




4R 7 i£ (Side-Looking Airborne Radar, SLAR)E_3 £ % %t¥ &% & 5 B 2L
Rt 2 - 0 BB T ouigmE 1950 £ N s FREFAAEE Y R o %Jgﬁj&
TR ER AR > B L BIAL T £ F i (Side-Looking Aperture Radar) - %ﬁ PE S

Boo b eng G F SRR %SRRI P &5 chdue (along-track)f3 4 & 0 F1 3 1960 &

o
e
ol
x

Bae ™ G By b o SR AE AR PRI EA S 3§ (airborne)
RULE & o 8 247 R0 ELIES A H s iRl 2 R 1 B gl

Ais s T HREOPEFR T R F R KT L@ b ahk Y (space borne) il

AT iEoARm ST HE 2 B A s T ;hgxiﬁx ﬁg:’p’ B by o
EhniE %_z;;\,? TEFEEROETR G BT EEF ST T
TP HRAMRES AT G S T4 3 0 & 23 F i (Synthetic

Aperture Radar, SAR) 11 IR o

ERIETEMIRTALG BB X SLA| LI e o LR 3.3 5 b B

-

ZI¢ TR S BRITI - PR QMR RTEFERY T B AATHERACT
d QK a2 wilih g § A ehip o4 (phase shift) o &3 B v kUL BT
IR aneRMER > LI AP T BT B KA F1 R R RS Q o i

B
B =

1"

Bk S e i L R L B - A T BRME 2T BRAE
Bad Bae Tt ts 0 @ HEDPE LS (B 34) - EF T L HMrHF B
k- B s K3 R ahT i X 3R 8405k 72 (Doppler’s effect)

Jot GfEifl > £ATEFEPRGRN I T ENL R
3.1.2 & &35 =% % % (SAR image)

oS SRR E SIS RART E i h kR E T GE 2 T e TR e
EEF>HETDAMLD g > - A EFFR A RFTEL  ARTER
B3 e ARk hd RA G X K & (off-nadir angle) (B 3.2)c p = e iE &

B & %) 430 20-50 & 2 B > ALOS 7k ihx & & o 43 18-43 B2 B -
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Look angle
(off-nadir angle)

recity
_\“\“‘(géf ==
-

W32 RS EEHA LW

AR R T UAER I F R TG EF R R RE o R i
ARFTENHIARE OFFHES 2FTREL - FERP AP 21 iz
gh(nadir) » 7 ke £ b gl B4 5 X & uEt (nadir track) o

20



e oW

o e L L LT epp——

W33 &= %ML 7 AW (Usai, 2001)

4

\""' 4

Vs

E) R EF —
B iz 48E

AB T A5 B X2 5

13 R Aw 5

:

I

7 5 Shik &

R3 & 2 s
® — target
T
Vi V, V3 Vy Vs
D1 D4 D s

992\ ;)5

Summer

W 34 &= X A5 mI2in 25T R W

21



AT EHEY N ALOS Fh 2 M2 X KA G 3T R o - KFE > d WA A G h
Yt X KA €[ 3L AR 4 (incidence angle) fgﬁiri-&— SR 2 0 B e

ES S LSRR

R R AFiE? s 2 edida &3 C-band (4 & 3.75-7.5 2 4») ~ L-band
(£ 15-30 22 )2r X-band (A & 25-37 24) % * § L K 2 fes T
L& 3Lle MY AT * TG AR IZJ‘"KKALOS PALSAR s L-band %2 > ;
£ 23 ok o TRIP AP T e ok 4% E & (antenna footprint)+ rj-*u{*tﬁ% B

(swath)g 5 65 =2 o

ILIETERGT AR S Y P2 H A (pixel) e g 2 s e o &

A
BAp & HE ~gliedr g ERAA AL - B RE PN T F SHHATE S ojp e

3.13 & =23 =% &+ #H(InSAR)

FEAPRBER - %3 kDS FE B PR RS R hh® AR
o imb EI AP FRN R ART o Ra  WiTFH R DBRES R T R
AEERR A kP s AR TERA B L AT F AR DT
FLEEG O AR~ 3R E T AT S ik B & (pixel) 0 TR A B AT BT

(complex data)» & g & = 3L & & E B i k4L ) pﬂf)];u,b,nggiﬂ;~ 28 hE

e

B2 - X308 B33 5 BEHE A EA T 2 GPS, 2 dt ik

S FARR R 0 SR RV T T K T R R - VLB R R &
BTk EE AP 2R E R FTET ARG T RECSEINRE ® 2 FFEF D
BoAow g Ap it 3B S g R thkendp = £ 0 T E T H(interfere) o + B ik BB =

TG edp M d Ap = fEE (unwrap)is ¥ L R ik £ A E o

22



3.1.3.1 FE Ptk thfi2iT A 2 )

d &R T ETRhY AN EF P AR AN Rl 2 T4
i Ae o @ ATELRIENS B R (AR A Wobserved f (RN B Al R a7 1 R
£ \Vdisplacement?\m%ﬁ.“l o Be 21T ERLFTET RS %‘;Pg@? FRC RS i1 N

B oo R TR R ART FR T ERRL e 4o 50

Wobserved—Wcurve TWtopography TWorbit TWdisplacement HWerror (3'1)

RpBIRY @ Dyeune’ 9 WGS84 #573k o et & ?iﬁ%“% °$§J » B e = A5
VA q/?ﬁ‘ Wtopography ﬁ; Worbit K P #Lg o 5 m‘?f% v od T h O g
TS A M i TR ‘ﬂp‘fﬁ%*‘f oit ° @ 4t F ko = ARE 2 F ook
AR A K% v T e B A B AR R T pE A ok (filter) 3¢ FF e gt 4
THAE KRGS EFERF A ERRw L T AR B0 Rk G DE R
> T o
TERFR

AT EOP R L] & RT3 e L8 R EEF24T A& (range
resolution) » e § 17 % » T (7 ch= (=245 & (azimuth resolution) 14 % ¢ o 245

R4 hE 2 Lo y+E A (resolution element) + 3 RLZ Y 5 BERYAFAL SR

o) B e

RIEEfR4T R H4p § & A4 e @ (slantrange) sf247 i 4 > 2 AR & 5 i ki
5%%&&1’7 F" fgh"FF» )—‘i %f ég‘ﬁﬁ%& Fﬁg o F" fﬁrf )"i%ﬁﬂr ’ ﬁ'q: q— 4 4\‘,5 3 /Eqﬁ‘&ﬁ’;’*%}isﬁ;

% feik P (pulse duration) enfd 5% 5 ¢
AR, =0.51c (3-2)

B oo G EPERF oc 5 kiE o FNRIEERT R DI Bk AL B R
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R SPER o AR, 1 i 5 it (10°5eC)  IEERRHT R 4B b3 T 1 3R e

f%47 & (Ryr, ground range resolution » 2L ) 3.4) » ff#kh 4 5 0 BF > &= §Ef247 &

Y .
=

ARg; = 0.5tc / cosb (3-3)
MERIEFTES T TR TATR R SRR T TK

ARa=(A/L) x (hlcos®)=Ar/L (3-4)

He 5 AILTFEXRETR rEyE £#E b &V anf P 88t L anjEe
Brod AT I B AR ROE RIS AR E B T EABN RS iR
BB EEARL > 3 R RPARNK FIP Lt g g dEagdF B Y Rer @i

TREFESDER c T LBILB 350
» &t & (incidence angle) e85 58

EEE S OB B R MR 22 Ak o - BRI TEA P B AAR] > B
ok 5 B ARGE > K 2ok ehr B & FIARECET i B L GlIRE o A B g

B
LRI A5 B fe (viewing geometry) e g 58

d 304 F IV F AR 7PN % s U FI LRI w21 ) A
Bz ko R Rt Aj i 4 o LR 3.6 5 60 SwEl 1-10 chE i H - pE R
PR E = 0 B A5 I e Fh 03w H_5 g (foreslope) @ # v #Fh chp 2
% #5154 (backslope) o ffsst & R HEAR & DEFERIN 0 FERA R TE S
TR RS IR W (shadow) - B Rl ok - AR S AR 36 Y T iy
o B-F-G k- BHEEEITE LY S CEX k- BriEfEitHE

24



Antenna Satellite flight path

Elevation beamwidth = A/D

Footprint
Azimuth beamwidth = A/L

W35 FEREAMFHARATALN

(Rl % %k : IEEE Computer Society =t
http://www.computer.org/csdl/mags/cs/2007/01/c1058-abs.html)
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P gt € FIEL AR e d R (L LTS LB G R 0 oA

% % W% (layover)»c i »
#h 3= #-35 (polarization) &% 48

TR B T aF AR R RN L R - BF D e hT G
Z_ @k e hie > w & 4 -k-T(horizotal » 72 H 4 77 )% &2 (vertical » 2 V £ 7) >
BB YRS e B B ek jT kst & e BRGS0 455 HHHV ~ VH &
VV o 4e RADARSAT hip#eH: 5 HH > ERS-1 & ERS-2 5 VWV @ ## 7 Bl
b PRI HV 2 HH o — 4@ 3 0 dod & BP8 P 1840 cnft 5| B 3R =
o KA P H BT w Y RS dokE B G 2 K it A HH 2 %
S BEIBLECSE o FIM e PRI A I IR 0 i R AL e A anfEde

fod A B H - RIREC P E o
3 22 3.3 R % (noise and speckle)

R A S R G dF e E_ Rk e 2 0 s S i BL(B) 3.7A) e B I % g 4

Hod 5§ R T A ] AT R THCH B SRS ERE P
A

=

E A EAFRS AT AP RN TR S ted {2 R FP o
3 ALY 2T % o B I % e 4 ¥ 2 4 (coherence) ® T Ml 0 AR AME
BT R 2 A L A RF R PR IR % (B 3.6B) o Flpt At s

¥5 ¢ 7 15 B k (filter) &k B g fe3n 0 0L B B2 et i o
3.1.4 GMTSAR ¥’ /a2

GMTSAR H_ 2t # 4 % 7 INSAR 4 45 088 - A48 2% f#{é CHEZ B2 T
#F~ ¢ & % GMT (Generic Mapping Tool)% NETCDF 9,4 %2¢ - GMTSAR 4z
FAEARZ BINA L FEE RGBT RPN F O ILINA 0 BT B
g 4 2 Givdss > 2 g @2 GMT {e Google Earth 4p % s B384 -
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1/2/3/4/ 5/6/7A B e,

136 3 & B iffrst 4. chl 14
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Range diirection [pixel]

W37 R BHHR %

(A)ERS-2 ik #4p #& | 4 §F Linate 35 & o] o 5085 2 fis ¢ 7 i 5 555 e 35
Bk A F o (B)d 7 AL & 50 ERS firk § 4T 01t @ 3 e fF Linate 4%
B ¥ 2lms okl e (g o (C) SPOT ik 4 31 ek i Linate 35 % i<
kBB o
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$ wW[* I 0 InSAR AJZ T 4e Roi_PAC, Gamma, DORIS 2 StaMPS % >
GMTSAR L 2 e 3 M et Tt > P F £ 7 i AQ® 1 mo Fpt
RT3 FE LG G Sl BB GMTSAR A ik § R 1)
ERS-1 - ERS-2 ~ Envisat ~ ALOS % TerraSAR-X » #uif 3% 4 + »* 10 ¥ ¢ SAR
% e RADARSAT-1 {r JERS-1 j£4 i * o $ 87§ @ 5 » “ik * il (L ALOS
PALSAR 1.0 s ff > B2 28 3% ik 4Lf7 P 3 & 2o fmeniuif T4 > 8 & £ i

REMERE A GMTSAR chiuF el p o o b R R iFaninaz s 3 2

=

o
W
bt

o vk S R D 0 TR G R T R T R R U

| 93

3.1.4.1 48 ko A2 (pre-process)

IR FA KL AT R R P TR R T
ASCII (American Standard Code for Information Interchange) 3 #24&5% o @ {5 >
GMTSAR s o J2 B G & & e 3038 4 (leader file) &2~k chid R &2 =}

o MERETe B REDSEE -
3.1.4.2 z_w 22 & % (align and focus)

B3 s R E R R R O F R B e g A R R R A D
e e FP R R M A G e S H - 4R & chjp = F 3 SLC(Single
Look Complex) % ffta i » f P wi gL e T3l > 37 LR P v o w
RAFES B 2 fue iR 0 MEE & L 5 8L BAFES % (slant range)

F L& TR T i € AT o eh T R 4 (stacking) £ 3B R & R 4t B o
3.1.4.3 + #(interfere)

GMTSAR % eng E 4 & F Wi 5 = g £ » F 72 (Two-pass differential

interferometry) - ﬁs] &gk B k(2 B e BB 1) % #icim ¥ A5 B)(DEM - Digital
29



Elevation Model) » 4 &) # = 4 & §2 th+ B 2 2 Blicia VBEEY 3815

BT Bl o Z 50 a g+ Rl chdp B oo A BIR T A et W RI% B

-

B Bl eicER T B TED Y A fﬁ%ﬂqjﬁ_[;kfﬁﬁﬂ =+ B - AL F

/*F/z‘m’f’f{’::l’%' 2 B LB 3.8 -
3.1.4.4 ik (filter)

Wt RS B S o R R BRI RSE 0 T O T R U R
gttt (SNR) - GMTSAR #c88 @ * ajg it B 2% #1/g 4 % (Gaussian filter) » /g
#eid B2 i3 sc p Goldstein filter algorithm (phasefilt) (Goldstein and werner, 1997;
Baran et al., 2003) - GMTSAR p i * »+ ALOS f##5 % ikt Bk £ F 100 m

200m~300m~500m £ 700m > ¥ E* FHE R AR 2L
3.1.4.5 snaphu #p = f% & (unwrap)

T RS A R N A T HRT U E wAe AT 2
BHE I RAESLAprgloa I o ERIBAE _’rﬁ@ﬁifj&ﬂ AP o f2
¥ o GMTSAR #f 3k eifp i~ f2 & E.d Chen and Zebker (2002) 4 4p =% 4 #7 B % e
snaphu ;% & ;% > % i~ ¥ 2 £ $ 3 & 5 Sandwell and Price (1998) #1 B 3 12 4L &
w (range, x phase)¥ #u+w (azimuth, y phase):* & 4p = w 42 =% & /% - A Sandwell
and Price &/ & ;2 7 > *% 4f (decimation) & en&l B » Bk IR 5 CT/2 0 e

B~ B IR 5 VIPRF o 237 5 4p =2 5 # * snaphu & & ;% o
3.1.4.6 # 1™ 3 3 #_i=(geocoding)

AR B R

SN

Bo TR RS ey BEAK-L AR ¢ AT A D e
W A AREF HRIEAEBRE ST HEE ) e /AES e i AERA S
SRRk Ao T4 W = 4p % 3 GMT netCDF e.grd #5544 12 % 4p % ** Google

Earth eo.kml 4% -
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ﬁ%»i%% @?J»g,nj%fg.\
(Input master image) (Input slave image)

B~ e i AR
(Input DEM image)

ik B i R
(interferogram)

He i TR AR =
(stimulated interferogram)

L0 i
(differential interferogram)
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3.1.5 "% f247 & & 7L £ #72~$k (downsample and resample)

Ay - 2 AEAEEREFHEGo NG He R TP RERDE > T

W

P AR IR P R AR R A F 8 2 e TR EPIR ) BB A AL
P EATPHR o Bt AR LMdp R E (S chF R chgrd LS d GMT o

grd2xyz> 4 = SR [ RIF ARDT RS R SR B R DTS R L

HEFSERFET SF85 0 H 1% + 3 f6 12 blockmean 3 ZATehP~ 4 ¥ I -
R RN G PRt s Tl s B LSRR o

3.2 ¥k 4 = #-3] (dislocation model)

AET TRl AT M uﬁ*%Tﬁ%ﬁ%ﬁQ%%éyggik
KIEE o B 2 A8 TG AR BT R % k30 8i(Green’s function) #iE
S o N RIF T o Bk S iy i A 12 b end(field) 22 gk (source) 2 B e
Bfhe Mpalsd gtk e RirRaNTR pBA2nT% R T8
SR Gl 2 i@ e T A RS B A TR d 2SR F RS E S

[ R A L
d=Gs+¢ (3-5)

B oo ZREPREL G G Rikxl ¥R CERRIFER AR E
S8 M o B 3.9 5 - 4 27 & (locked depth) 5 = = 2 ez 5 W7k 45 & pF > W7k

SR ETR BIRR IR E hz e i o

Poe 3752 AT HCA MR A h B E e TG AR RMN Ao
AR ERD AR T RN P RSB EF o A TR L4

R oA E_A >t Okada (1985) 72 = 2 38+ L 7 fF 45 = #- 4] (elastic half-space

dislocation model)(# 3.10) « “iz BHAI P > ¥k G 2 - A6 > HEiEHE 2 5
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MR RNNNNNY
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NN RN NN NN

A e T
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AR TR

W N
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/////////z
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NONROOY NN N NN
SONR N RN N NN NN

o w

.......

n
!

Yadag

~20 |-

15 20

10

=15 ~-10

=20

Distance from fault

W 3.9 #7k & b 527 LW (Segall, ?)

$u(Okada, 1985)

4
i

A K RuA: 5

J

W 3.10 s#id

—
S

qm|

TTHR A LS 0y B

v
*

X #h> @

7
“~

+
=~
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BeRH € WEET R B o A B AUTR D RIABIEY [ R 55 - 28 BRREA D
pd /G (free surface) > p d /o B¢ 97k 25 6T R 4 3 BE o X ZHCAIHR S
IR AT EAREIRG G LR R TR e L T M T R E

L

”
?+ B¢ o LAl & 2R S UTR YT ehE R R G 35 (homogeneous &

35
isotropic) » @ 3+ % 45 di~¥TA & F R E U B A TER SR FE AT

Y
.

adl  aak
=1ff, du [/16,k o u(T;+a—E;>]vkdz (3-6)

N3Ok EE AT -8R R AL AU (EL &, E)FE R R o F S
LT (8 G, Ea) PP Ae e o ZRARE Sk A el A A S O (XaXoXa) 5 Od) B B 4
ZjI3 et @ A G P EPIELA Y | B b 0 0dE S B AR Kk B ehd
Mok P ERPIBEAL ISP AR A B SR VB S s R

ios 4 5L(Kronecker delta) » vy 5 8 =87k & dE FipiE e Bt w sz o F 0

Y i A N AR = o] S e @?J »ETR G B BN AR LR
#-7] (forward model) » Fr & %J e E kv v a ik B 2 i de {07

(inverse model) o d > 2 3 % ¥ L IFEOF M S L o F)Y |‘,*.J'J.$§] & ;g',_gf;;
Flendrh £ B ~ TR ~IRE ~ 4w ~ M A N HEA > Rt iR B erElipl T

R e g~ RS A KR R RS T R T
3.3 B &R+ #@&# (Coulomb stress transfer)

Ee - BETE G A R ;’rs?.uﬁﬁ'z;é»‘i FET A G PP AT LR
LEER G 2w L g oo v ot BETE G L DI TR SRR T RO A
BB o F TR UIREER RIEE AR B R I Sk g b
YR A PR v R &zbrﬁ:;&@fﬁgw@? st SRR B BT A S R
F&‘.? ,'f«‘;tﬂgr—r;t:
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o =T — u(o, +p) (3-7)

79 ¢ dofi i B 15 &4 (Coulomb stress) » #r/E ki » B G ? fa it cnd B R
TR R G T RS e Be A B2 Bk LR R R
B3 s 4 (Coulomb failure stress) o 1245 & i4 £L3% 2 B (Coulomb failure criterion) >
PRAAL AU T hER - BEEEA G > APRT PG PR G R

4 % it (change of Coulomb failure stress) Aot &
Aoy = At — u(Aoy, + Ap) (3-8)

B op i BB AT LT FEE G L T R Aoy b LB SR B <
Dot R (RES 1) Ap B UK F I BB R (M4 2 D) FE
DB G BT Ao s R B R A T AMIE H B I 4 s F 2% Aoy

R PR R Tt A £ E A (Stress shadow) o #2754 2 (B 3.11) -

Ay * d Toda ¥ A B4 & Matlab = 5+ =7 Coulomb 3.3 48 k& =
2007 FLF ¥ R 15 chgt s M ETR L R B 4 A B o $T R chde % Wang
et al(2014)F1 ¥ g 3 2582 B RE e gy I U R AR 21) 0 B T B R Y
Global CMT 513 # RBIF R A 4]f% - & @& * Okada %7k 45 = Hcd) 42 7

A Sl R RN - 35
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(bar) m-1.0

=N

N,

B9 A4 Mw 230830 15 R R o (D)5 P PFRF P % 0 B8 2 2 4y

FPREBRE > LI HRRBAIRRERAR L I RET o

36

TS

_ =
al Coulomb ’s1tress m 1.0 Seismicity rate m10.0
-y /\,;\\ change _ 0.0 ‘ change _ 1.0
- \\




231 ¥ LA ELAHFEFELT S

PGy *E & & #wE T 5
HF 3-30 MHz 10-100 m
P < 300 MHz Im
VHF 30-300 MHz 1-10 m
UHF 300-3000 MHz 0.3-1m
J-ERS-1, ALOS,
L 1-2 GHz 15-30 cm
Seasat
S 2-4 GHz 7.5-15cm Almaz
ERS-1&2, Envisat,
C 4-8 GHz 3.75-7.5cm
RADARSAT-1&2
TerraSAR-X,
X 8-12 GHz 2.5-3.75cm
COSMO-SkyMed
Ku 12-18 GHz 1.67-2.5cm
K 18-24 GHz 0.75-1.11 cm
Ka 24-40 GHz 0.75-1.11 cm
mm 40-300 GHz 75 -1 mm
V 40-75 GHz 40—-75mm
W 75-110 GHz 2.7-40mm
UuwB 1.6-10.5 GHz 18.75-2.8cm
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2007 £ 5% 16 p w4 et 2 4 304 5 100.69° 0 4 & 20.470° > =
RAERNBC S Mw 6.3 (USGS Catalogue) - i 3+ R & % fig 3 )8 e @
A BT g 7 BRI g & % 35(Wells and Coppersmith, 1994) -

52007 EPOF R EGEREFITRD2RF S #ORERE TR T EIZITAN

3

!

WOERIEET T MR RhE R TN LK B BRNE T 0 8 A

A
-

AT €5 K Ft g ke A IR Rk RUTA SUE (fault scarp) 0

¥

BB S AR RN o) B A A0 T ABE 2 )X DRI Dike T
AR E PR AR RF DS ESL P T BHASRERE KRB

AR > T s By Ze R o Am oo 5 p 2006 & F 40 ALOS fEE 5 & 12
691.65 22 hTaEFB R > & 46 P FEW I bl - =% » ¥ e dT™ H 57i3

B Hip A Ap o e r AP TE- VERESNREHAEE AT o

ALOS f#k5 »+ 2006 & 1 # 24 pd 3 78 HEPIGFE I H D A3 &> 30
2011 # 5 * 12 p “,%’ B H AT F e R (S TGP BT SE 2007/1/2
2007/2/17 ~ 2007/7/5 ~ 2007/8/20 %2 2007/10/5 p % o A4 3 ¢ B[{é * 2 {7 fLig

(ascending path) % 484 #L#u:g > 390 &2 400 5L® e > #7@ * e L £ 410

Mgy R4 ehin ¥ & ALOS i h B (Bl 5 %5 390 22 400 £ dp ¥ 28
AEry A A BRI RILOR o @ * ASTER GDEM 2.0 ¥ % B 2 &
BI(R 4.1)> 7 GMTSAR 425 2 2 7 1 iy gw + R > 10 i e R+ R st
frd tFREFHBEGH - FHFHBGHAR AT E AT FRE R L 42
P Bm R FIFEBME M g RE NS o FRE AR 390 ¢

2007/2/17-2007/7/5 ~ 2007/2/17-2007/8/20 ~ 2007/2/17-2007/10/5 > 12 %
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41 273 #* en ALOS #FE B

Wighil | ARGPH | BB P PRI a
390 2007/1/2 2007/2/17 46 = AL
390 2007/1/2 2007/7/5 184 = 4
390 2007/1/2 2007/8/20 230 = 4
390 2007/1/2 2008/4/6 460 = 4
390 2007/2/17 2007/7/5 138 = 4
390 2007/2/17 2007/8/20 184 = 4
390 2007/2/17 2007/10/5 230 = 4
390 2007/7/5 2007/8/20 46 = Rt
390 2007/7/5 2007/10/5 92 = AL
400 2007/2/17 2007/7/5 138 = R
400 2007/2/17 2007/8/20 184 = R
400 2007/2/17 2007/10/5 230 = R
400 2007/2/17 2007/11/20 276 = R
400 2007/7/5 2007/8/20 46 = Rt
400 2007/7/5 2007/10/5 92 = R
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Frame 390 Frame 400
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(modified by Wang et al, 2014) Ze&4
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2
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% 4.2(%)

Frame 390 2007/2/17

2007/7/5

Frame 390 2007/2/17-2007/8/20

Frame 390 2007/2/17-2007/10/5

0.8

0.6

4
coherence

0
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% 4.2(%)

0¢/8/,00¢-5/./L00¢ 06€ swelH

G/0T/,00¢-S/./L00¢ 06€ sweld

Post-seismic pairs
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% 4.2(%)

Frame 400 2007/2/17-2007/8/20

Frame 400 2007/2/17-2007/10/5

Frame 400 2007/2/17-2007/11/20
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243 FREGRAE S
30 NIA 47 4p 2

® 278 AR W
(phase filtered)

il m

(unwrap)

AFLE > »EEW
(LOS)

Frame 390,
Pre-seismic
2007/1/2-2007/2/17

Frame 390,
Co-seismic
2007/1/2-2007/7/5

N/A

N/A

Frame 390,
Co-seismic
2007/1/2-2007/8/20

-3.14 0.00

-6.28

-3.14 0.00 314 6.28
unwrap




% 43(¥)

Frame 390,
Co-seismic
2007/1/2-2008/4/6

Frame 390,
Co-seismic
2007/2/17-2007/7/5

Frame 390,
Co-seismic
2007/2/17-2007/8/20

-3.14 0.00 314 -8.28 -314 000 314 828
phase unwrap
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% 43(¥)

Frame 390,
Co-seismic
2007/2/17-2007/10/5

Frame 390,
Post-seismic
2007/7/5-2007/8/20

Frame 390,
Post-seismic
2007/7/5-2007/10/5

-3.14 0.00 214 -6.28 -3.14 000 3.4 628
phase unwrap




% 4.3(%)

Frame 400,
Co-seismic
2007/2/17-2007/7/5

Frame 400,
Co-seismic
2007/2/17-2007/8/20

Frame 400,
Co-seismic
2007/2/17-2007/10/5

-3.14 0.00 3.14 -6.28 -3.14 0.00 314 628
phase unwrap



% 4.3(%)

Frame 400,
Co-seismic
2007/2/17-2007/11/20

Frame 400,
Post-seismic N/A N/A
2007/7/5-2007/8/20
Frame 400,
Post-seismic N/A N/A
2007/7/5-2007/10/5
314 0.00 314 -6.28 —3.1iln;[:?ap8.14 6.28
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2007/2/17-2007/7/5 ~ 2007/2/17-2007/8/20 ~ 2007/2/17-2007/10/5 ~ 2007/2/17-2007/
11720 h 4R g 4P 5 W ehfal 5% o RIS Bty 400 e g 3 & 72 %

oWy BItg 390 chn g fEE o EfEERED P REOEAL TR

& A R A USRI R A A B AR F 2 5 (R 4.2) -

42 2007 £FTFH B2 BRI E

dat2TRE R A 2007 £ R T AL X IFRE E 0 FRIFE R
Joden T % Apd % ehZ B (F] 4.1) 4o ANSS £ Global CMT ¢ & jedg £
£:716 22 > @ USGS £ Global CMT eh& i» % { £ 75722 22 - igfkeni
R RIRM R RSP R R N A ® 2L ¥ deet h 4 o Global CMT 41

* o ROk Beh s RAESR £ (CMT > centroid moment tensor)is 2] - i it %74 #L

Bl e 4 5N k R F R REsHIE o s 2 ¢ - 2 & 2ha (nodal plane) iR L %t
A e i i e FIt > KT Y BRITE SRR F R F NG B 6 F o X
%%+ Global CMT 74 e Z his41f2GEL 4 2] e d At —d ad s v w

% MEIL - o2 TR 6 (54°,89°9%) Bk A Ak Rhd mAlG o

AFE R b BT Bt B ALOS i 4 1 %5390 22 400 £ Ar 2. AR 4.2) -
E R T B 2007 £ 20 17 p > RIUSREBT P 50 0% 84 20 p chE
o > GMTSAR L 5 9 EJg@ent ik % iod fpifas (s wit S ik A 5

(LOS) i B cn it % 4-B 43> AR s 5K 2 B L8k & R 7 a0 % 1
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f100 200,500,700 200,500,700
u0.3 u0.3 u0.4

200,500,700 200,700 f300
u0.5 u0.4 u0.3

f500 f700 f200
u0.3 u0.3 u0.3

R gt
L

id

f: Gaussian filter in meter phase
u:correlation threshold for snaphu (0~1)

W 4.2 r1 FlHg %% 390 chR 15 8% 9 % 2007/7/5-2007/8/20 #+
P RiERAEE PP CIEE FIEEREBES
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(modified by Wang et al, 2014)
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Legend
Active structures
modified by Wang et al, 2014
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| | SAR frames
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TR AR AR SEY R IIR LA AR REE S
3 enlril - HApHEESE T R 1S G %TR s B - 24 R4 W[ 4o (range increase) £
4g4&(range decrease)(®] 4.3) » 2 i 4c Z 4 EHE B < ¥ 5 50 mm o 1/ e i (7 4

il ko AP HIERE R A F B ST g

~=h

A0 RS e B dp 7 o K R ITREED A o
4.3 FLF ¥ RIR & ¥k (Mae Chan fault)s#7 & & & #°3)
4.3.1 $7 R & = H05% & 48 #-4] (forward dislocation model)

B E WIS AT v - ) 2R R R T R A
P ALEE U R 4T B R AR BT TR o A 0f B Rl 4.3
TR L b AW LR 46 X s bgF R FrfEd 0 AR F g o
AR A B RAPM R A BT frene BB AP R IR R
WM EEEHEBEL f T3 GE Bt s bk - RRHTRBENA
fad AR F NS e o R AR E BB PRB LR R RAET AR KB

Fﬁ‘;ﬁ“l’ //%_’,_P‘ho

ALOS 75 B n 4o i % chl =347 8 5 0.05 4 (9 83 22) o #f 2
Rt Blte 390  2007/2/17-2007/7/5 ~ Blts 390 1 2007/2/17-2007/8/20 » )
t5 400 £ 2007/2/17-2007/7/5 £ B)tg 2007/2/17-2007/8/20 A B hH b ke = &

PR RHEFAE EHBROTEY BB 4T L] LT3

W

2+

ATURLE S B hiP BR TG A F FRONES BT b AR R L

?5:
@r

P B ETHL( T L 1 8)S Rl Ao ¥ R fRITR S R BRB TR R
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WEL TG R e S TR
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NMask resolution = 0.3m (2007/02/17 2007/08/20) Mask resolution = 0.5m (2007702117 2007108/20) ask resolution = 0.7m (2007/02/17 2007/08/20) Wask resolution = 0.9m (2007/02/17 2007/08/200

21700' 21700 217

2030

e — - 2000
100730’ 101700" 100°30' 100730

e e

-45 30 15 0O 16 30 45 5 -30 -15 0 15 30 45

W4l 2R ERESF

MG S 217-8/20 AT R T WA R T P RREIL T 2 2 M R FAE SRS B A R AF LR AR RS SRR
SR ¢ BIPN F) RE R R SR R L

55



YA SIS F E IR R SR AT MO R AU A EE AR v R T
Teg > @ 2LE e Aok T g A4RE G b A o 1 Ap i A IEd 558 (range
decrease) st 5L 5 b 0 B W AL i & Bde s o SETHL e 8 B E o s F Bde A &
FAHLE G R BBITR LT - BRETA AP AF AN

N /ﬁl\zfpﬂ‘pf}‘&;/};ﬂt&ﬁt bt’m%}lf-ﬁ%"l/mfgg ]‘4 s T‘ * i i

=y
$y
—~
=
N
1
N—r
i
S
=
o
-
%ﬂ
6*

Ed EXANEFTETHPGEREE S A ERRI ST LR R TLETE
PR ER CABEE W Rl 31;] *if % enit Jads i+ #-7] (forward model) &

WAL 2% T2 0 ERBE -

432 $HEH

\
5

Okada srsff L % fF 67 & 4 PR3 97 3 g dicde™ T 8T B e § Mgk
LETE T A CUTR TR TR LR 2 R A s IR F MRl ¥ 4 UR
SR EE 0 e B R RS e b B R R RR TG M

vt (Poisson's ratio) » £ 7k T 4 255 M eh%dic s ¥ 4 i G(shear modulus)

B AR RAERACTSSE o 74 (Kanamori 1977 5 Hanks and Hiroo, 1979) %
B & e R AE(seismic moment) # B o < RBLRLS % (£ 2.1)E o 2007 &
E

ERHE 6.3 @ B BAERIE(My) & b BAEM)M %5840 ¢
M, =ZlogM, —10.7 (4-1)

M, = pAD (4-2)

He spi ¥4 Bl ol Pa(T NIMY) s AFT 5 @& % cnd (4 4 By #in
33GPa (* 33x10%Pa) ; A 3 RETA A G 4t 0 i m?; D 5 ¥k 6 T o
AR H s cme— B My 5 6.3 93 2083 B4 M 9 5 10°° dyne-cm -
AT E R T Mw §EF 43 6.251 87 6349 2 F 0 B 3B Mo i % 5 2.67x107
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I 3.7510% dyne-cm 2. » % » T 4 178 33GPa 1 » 17 3| f 4% it (slip potency) (¥
STk AL B A AR T H R D 2 f)# F 5 8.09 x 10° 3 1.13 x 10%°(mP-cm) 2
oo™ R LR AR st PRAODER AL R B HFER B G A2 B

OB N RTE A LT T HRRIE R - BRI L AN S .
ek LA E R

R+ KRR E 2007 51 ¥ Reni BAR N AR 417 B L ¥k

15 %7k £ (fault segment) > £ ) 15-18 = 2 > @ 4245 Wells and Coppersmith(1994)
SR ST S BT AR AR HE R L] E TR LR T LR
FAZER TETR AL 34 TRt AT A 2 DR » L B Sl R

18-24 2> 2 o

ek AR R

a2 o EFTE 22 2 25 King and Wesnousky (2007) st~ prs ¢ oA e if
BERFRTHE P RRBE A ODIFRFAEY 22215 022 F - iy
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A A Y 0 TR LM SRR G UFREEWA TR A AF LA A I

BEY P UFA PR S 215202 FRPRL ST 22
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R o & e R A B 075 1 b BRI 6.32 e Guinea # B 0 B ¥TA ALA & f# 5 378
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Goulomb stress change (bar)
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HGVB 104.977 22.827 DHV 21.62683 |105.1838
CBVB 106.198 22.633 DSV 20.5855 105.8873
TIYB 107.401 21.336 BGV 21.29017 |106.2275
CCVvB 104.881 19.036 HBV 20.79617 |105.3387
VTVB 104.886 22.27 LCV 22.03867 |103.1543
BCVB 105.778 21.884 LAV 20.05317 |105.2475
LSVB 106.753 21.855 MCV 20.84417 |104.6355
HN1B 105.805 21.025 SLV 21.33383  |103.905
HCMB 107 11 THV 19.85083 |105.782
TV 21.47267 |104.361
TGV 21.58983 |103.4182
PLV 20.806 106.6302
DBV 21.38967 |103.0183
SPV 22.33833  |103.8352
VIV 18.548 105.7
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