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Abstract. In this study, we investigate the March 2811 M~=6.8 Tarlay earthquake, Myanmar using

INSAR and inversion analysis. We firstly invert INSAR coseismic displacement from our previous study.
The inversions for fault parameterscargied out in both Single andilfpatch model. The coseismic

slip of 2.5 metex from Snglepatch solution is then combined with lelegm slip rate from
geomorphological study, resulting in an estimat@6f4,160 years recurrence period. Then, coulomb

stress changes on nearby faults in northern Thailand are calculated. It is found thatestiesssandv

middle segments of Mae Chan fault decreases significantly while stress increase in eastern segment of Ma
Chan, Mae Ing and Chiang Kham fault. Finally, the results from PSINSAR of 29 Rauzgeatreveal
postseismic displacement rates betv@dedto 34.5 millimeters per year.
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1. Introduction

The M\=6.8 Tarlay earthquake occurred in western part of Nam Ma fault, Myankharch 24, 2011.
The hypocenter was located2@t705N, 99.949E arlde deph was approximately 10 kiloengtbelow
surfaceas estimated by USES This is the ensuirgjrongest seismic event on/Sfa peninsular since
the 2004 M=9.2 Sumatrdndaman earthquake {#hich caused the Indian Ocean tsunami and became
one of the big catastrophic events in this century. 8makieed from Tarlay earthquakas felt in
Kunming, Hanoi and even Bangkekichare several hurett kilometers from the epicenter

The Nam Ma fault, a NBEW trending strikglip fault, originates in southern Chimeends as a
narrow 215 kilomets long into northwest Laos and propagates into northern Myanmath[2] 12
kilometerdeft-lateral offset of the Mekong River channel at the central part of the fault [4]. Nam Ma Fault
lies in about 6@ilometersnorth of another leftateral in northern Thailand called Mae Chan fault [2].
These two leflateral faults are farther to the southeast in the centrebiSbatomain and the geology
details can be found in [5]. The faults are membergmiup of leftateral faults in Shan fault system
posing as network triangle faults between Sagaing fault in Myanmar and Red River fault in northern
Vietnam. Many large earthquakes occurred in this fault system sintedater3f®, 7] as shown in
Fig.1.
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Fig 1. Map of faults irBhan faultystemGreen stars represent epicenters of large eartiijluaite3
events since 1976.

An important parameter of earthquake cyweel, which is summarized in Flg.is recurrence
period.Thedetermination of coseisnsiip is important because it is crucial in determining the recurrence
period.The earthquake cycle can be divided into three phases. First, in the interseismic stage, a procedure
of strain accumul at i o nite direction is shavenaFig2(b)oNextFigr2¢cs t i n
shows a procedure of coseismic motion when the stress accumulation reaches a breaking point, and the
energy is abruptly released resulting in an earthquake. After the seismic event, the stress will continue to be
relaxed andaused deformation duriageriod callegostseismic phase [8].
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Fig.2. Earthquake cycla s explained by Rei dds elcarsistd ef mode
interseismic, coseismic and postseismic. a) It reveals a fault plane whichhstleeatedvo
crustsb) The black arrow represents the displacement of the exemplHigierkgfitrikeslip
fault reddashed has become cundert to accumulation atrain c) coseismic strain release
causing an earthquakeh e e ar t h & sthe oppasiéetdsectianl The blue fines in ¢)
indicate the sum of deformation before and after earthgl)akbe red dot illustrates stress
release to postseisnfmodifiedfrom [§ and[9]).

INSAR has been proved to deseful tool in a number of eaytlake studies. Initial studies in the
1990s and early 2000s were carried outywah2InSAR technique ofbb@nd SAR images from ERR
and Evisat over arid or desertageDetail of the technique is now well covered and good introduction
can be founealsewhere. A major limitation eb@nd 2pass INSAR is that in vegetated and tropical areas,
the radar phase change of geophysical signal of interest is corrupted by larger phase chamge resulted fr
other causes such as growdlyiyfig vegetation or atspheric differences at the two acquisition time of
radar images. This is known as decorrelation problemmdLradar with longer wavelenigiisa better
capability of penetration vegetation and so can maintain correlation much longbatitadata. Thi
leads to a number of recent earthquake studies-arid@areas with ALOS PALSARband images. The
examples of applying ALBALSAR for coseismic deformation was the ™D, 12 May 2008 Wenchuan
earthquake that struck the western Sichuan province (China) along the topsgeapment between
the Tibetan lateau and the Sichuan basdd]2]. The resulshowstrikeslip motion along 148lometers
long YingxidBeichuan fault and mainly thrdaulting along the syiarallel, 10%ilometerslong
BeichuadQingchuan faultn 2009, there was the first study case using X, ClanllSAR data for the
investigation of the same earthquake ALODS PALSAR, COSMGSkyMed, Envisat data were acquired
covering different temporal and spatial baselinegs6 M3 L6 Aqui l a (Centr al I t a
the coseismic motion. The results from INSAR reveal the surface displacement pattern in a very useful
detail. Later on in 2010, theT.1 Darfield (Q#erbury) earthquake occurred in New Zealand which was
followed by a sequence of large aftershocks including2be3NChristchurch earthquake on February 21,

2011, [15]. In both events, the coseismic movements have been measured by ALOS PALSAR. The more
details on Darfield earthquake which ruptured a complex set esligtrétel secondary reverse faults can
be found inf16].

We present in section 2, 3 and 4 our attempt to solve for Nam Mzafamieters by inverting the
coseismic displacement Tdirlay earthquake obtained froipa®s INSAR of ALOS PALSAR images as
repored in the previous study of [2]. The comparisorsddoof strikeslips from our model are then
compared with filed data as describeskation 5We then calculate the distribatiof Coulomb stress
change for Mae Ché#aultin northern Thailand. This is detailed in section 6. In section 7, we investigate
postseismic motioaf Tarlay earthquake usihigneseries INSAR technique with a stack of 19 Rafarsat
images. Section 8 cortds the paper
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2. InSAR for Coseismic Deformation Detection

In the previous study of [2] M.OS PALSAR Single Look Complex imagdsoth ascending track 126
and descending track 486 orbits vaerpiired before and after earthquake. This is shownTiakieel
below.

Table 1. Acquisitiondetails of ALOS PALSAR dafine beam mode with Hhbolarization)

Perpendicular Temporal
Path Master date Slave date Baseline (meter) Baseline (day)
Ascending 16 February 201: 3 April2011 48.7 46
Descendin¢ 14 February 201. 1 April 2011 436.2 46

The mentioned study can be summarized asv$ollThe study employeep@ssInSAR technique
available in GAMM/Aoftwarepackageo generatenulti-lookedinterferogranof both ascending and
descending image pairs (4 and 6 multilook in range and dniewtithn respectively). The coherence of
both image pairs are very good even in the dense vegetation in the study area tndpotaiszone.
Topographic phases were simulited SRTM 90neter (3 arsecond) elevation and removed from the
interferograms. The differential interferograms ofgaitts in radar coordinate systeare presented in
Fig. 3. The study then perform phase unwrapping with a minimusfiosostigorithm of Delauney
triangulationAfter phase unwrapping, the results which still are in radar coordingtscaded into
UTM (zone 473oordinatesystem.

From Fig.3, theresultgeveatisplacemenn lineof-sight direction (LOSrom the interferograna
1.2 meters lefateral offset in the radB©S can be estimated across the fault. Small offsets around 12
centimeters are observable at distance of more than 20 kilometers from the ephenibserved
coseismic motions suggest thatthquake ctadialso have impact dhae Chan fault, around Skneters
to the south of the earthquake.

cm. cm.
118 118

=7

Fig.3. Differntial interferograms formation usingads INSAR from ascending (left) and descending
path (right) [2]1 color cycles=11.8 centimetansl red line is Nam Ma fault.

3. Inversion for Fault Geometry Parameterdy Sngle-patch Model

The observedoseismic displacements from both ascending and descending data are employed in the
estimatiorof fault parameter§Ve treat the surface displacethes the elastic response to a slip on a
planar fault, assuming a model of vertically varying stiffinesqrimary fault model (Okada 1985)
contains 10 parameters, including location coordinates of fault and degjhléngth (along the strike)

width (along the dipdlip and strike of the fault and three slip components [17]. Wartiubsted INSAR
deformation through adjusting some uncertain fault geometry parameters by Okadanirthala

project onto the radar LOS directidine ground surface displacement derived from Okada formula are
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compared to coseismic displacements obtained from InSAR, and parametestimateac until the
results from Okada fowra closelyesemble INSAR results. THaglepatch model yields &psof 2.5
meters

4. Inversion Analysisusing Multi -patch Model

To refine the result ofr@lepatch model, the planar fault is divided into smaller rectangular areas, each of
which may assume different slip values. This model provides morevedadistaf slithan $hglepatch.

As for theSinglepatch, it is started lajviding of the fault into a series of rectangular patches along the
direction of strike and dip and thaetegratinghalfs pace Gr eends f unforunitelps over
of each patchThe observed deformation datave toresample to get a lower image resolution before
inversion [18]n this sense, we dosampledhterferogrampixel by quadree subsampling thvide into
successivelgmallerboxes until variance fall belowhaeshold To characterize the error terms that is
correlated spatially, we estimate covariance fregefmming region.

After that,we then set up model fault atmlculate LOS phase at gtura@ centres for 1 meter of
strikeslip anddip-slip motion. To estimate slip on fault given INSAR data and vanaagance matrix,
Thereforeto fixed fault geometry for a linear problem, we set up design matrix A, irffdowhere y
is vector of LOS observations and weistor of model parameters as showiagin(1) and (2J19].The
outputs from the model are thbe used as the parameter fogl8patchmodel which arearthquake
epicente(607516E, 2288195M8)t r i k e ( N 7 takeH0), Jength {24.Rilgqmetérdd, W(6.7), and
slip (2.5 meters).

y = AX . (1)
i
o ,160 0p Qi (2)
€ QQi Qo

Fig.4. Coseismidisplacement in LOS direction of the ascending (left) and descending (right) path from
downampled interferogragmmodel andesidual respectively.

Figure 4 showshé coseismic displacement from downsampiederogram. The results from both
INSAR and model are then compaaed, we can find the ranges of residuaish describes the relation
between the modelgdtiction and the INSAR observatidriwo fault models. We found the difference in
residualsn the descending Q.2neters) path which is larger than ascending paighimportant to note
that the ascending path shows entirely satisfied velsildithe descending path contrary performance
presents noticeably large residuals in particular parts which however do not have huge impact to the whole
process.

For Multi-patch model, the slip on multiple fault patches is estimatega8méault patch issumed
to slip differently, wehose a 24 kilometers long fault p&aree divided to 30 patch&¥e set up design
matrix and weighted using leasjuares method. We assume that the Laplacians have a Gaussian
distribution for additional smoothing constraint. The value dé important because it is governed by
the size of the scalar smoothing fadtbe besfit slip distribution depends on thige of the smoothing
factor| : high values lead to an oserooth solution with large misfit, low values result in smaller misfits,
but oscillating slip distributiofi®]as inEq. (3).
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We subsequently plot a simulated interferogram for the values in x and fix geometry of fault and invert
only for slip, which makes itnanlinearproblem compare to original interferogrammidyimizing the
square misfit between the obseaadl predicted phase changelinearMonte Carlo algorithm has been
applied to sample the distribution in a representativéMedgund that the slip from both model are
maximum varied 0.27 meterhe 2.5 rates slip value fromiBglepatchmodelis used in coulomb stress
change foslip distribution ashown in Fig5. The distributions of slip in eagiatchare shown imable
2.
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Fig.5. Distribution of fault slip in Tarlayarthquake, maximum slip is 2.77 meters at depth 5
kilometers. Most of occurring is approximately 10 kilometers below surface

Table 2. Distributionof fault slipfrom inversioranalysis usingulti-patchmodel as reféo Fig.5.

Along Strike (km.)

No. of

e T 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
0.00 000 011 039 114 153 175 190 195 174 120 180 176 132 100 104 084 048 039 041 040 061 087 106 123 091 027 0.06 000 0.00
0.05 013 034 069 126 164 187 201 206 196 181 209 207 177 149 137 118 093 083 082 085 102 123 139 143 113 065 034 015 005
014 032 059 096 141 176 200 216 224 225 227 241 240 221 198 180 162 145 135 134 138 149 163 171 165 139 099 064 038 017
022 047 078 114 152 185 210 228 240 248 256 265 264 252 235 218 202 188 180 178 181 187 194 194 183 157 122 087 055 027
028 057 089 123 158 189 214 233 248 260 269 277 277 269 257 243 230 219 212 209 210 212 212 207 192 167 135 100 066 032
030 061 093 125 157 186 210 229 245 258 269 275 277 272 263 253 242 234 228 224 222 221 217 208 192 168 138 104 070 035
030 060 091 121 149 175 198 217 233 245 255 262 264 261 256 248 240 233 227 223 220 216 210 199 182 160 132 101 068 034
028 056 083 110 135 158 178 195 210 222 231 237 239 236 234 229 223 218 213 209 204 199 192 181 165 144 120 092 063 032
024 048 071 094 115 134 151 166 179 189 197 202 204 204 202 198 194 190 186 182 177 172 165 154 140 123 102 079 054 027
019 038 057 074 091 106 119 131 140 148 155 159 161 161 160 158 155 152 148 145 141 136 130 121 110 096 080 062 042 021
013 026 039 051 062 073 082 09 097 102 107 110 111 111 111 109 108 105 103 101 098 094 090 084 076 066 055 043 029 015
007 014 020 026 032 037 042 046 049 052 054 056 057 057 057 056 055 054 053 052 050 048 046 043 039 034 028 022 015 008

Dept (km.)

PEBwowuounpsrwn e

According to Fig. 5, the result displaysrhert for the fault slip distribution alohgrlay earthquake.
We divided 30 patches along stfikeatch is appranately 1 kilometeand 12 patches in down dip. The
result fran the model indicates that N&ma fault is characterized as a pure siijxéype with a small
dip-slip. The maximum slip is 2.77 meters in the 8epitilometers. The major group of slip rate locates
between B kilometers depth in the middle and west of Nam Ma fault. The maximier of slip near
the surface is 1.95 meters (< 1 kilometer at deep) and less than the number of shp kidtenateds
below surface.

We then use thgip from the top patctat a depttlirom the surfacebout lkilometer)to compare
with the valuesbtainedrom thefield survey. The value from top patn indicatiorof magnitude and
direction otthefaultclosest to thactuaterrain surfacas shown iirig.6.
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5. Comparisonof Slip Distribution with Field Data

Figure6 reveals &éield surveylata after Tarlay earthquakgnt, et al[2(; theyellow pointsn the image
indicate the position of field sunieyhe areag.heyellow numberin the image indicate the offset values
in the areasThe total length of fault (red limeFig.6) is approximateBO kilometers and the maximum
offset value is 1.25 meters in the western of theTtaailgraph below displayed a comparison between the
slip obtained from field survey and the slip distribution usingpisichi model. The comparisogtween
those data is estimated base on coordinate atfonmjudgment as obtained fr¢2d], so the starting
point (first point) from field survey will begin at kilometer 10.
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Fig. 6 Map shows the positiari the field survey data[@(] on thewest side of the Nam Ma fadlhe
blue line indicates the length of fault which is resulted fromphtchi model analysis. The
origins used in comparison between model analysis and field survey analysis are unequal.
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~— Multi-patch Model —— Field data (Myint et al., 2011) ® Survey point

Fig.7. The graph shows a comparison of the slip distrib&egtline is obtained from the field survey
yellow points indicate field survey locatfip@isand the blue line iggsdistribution of the results.

The blue line in Fig. 7 is the slip frdfulti-patchmodel, and the red line is obtained from the field
data within 20 kilometers. The result revealed that the slipixttinpatch modelis lower than field
survey in kilometer-22 and 2onwardsin kilometerl4 to 16, the slip from both approaches has almost
the same. Refer to the field survey data fprthis can be explainddat the area isffset paddy field
bermand the range of the offset field is highest. For the eastern end of tisépfawili, e gradually
reduced due to the distance away from the epicenter. Thus, it can be concluded here that the main

ENGINEERING JOURNAL Volumel9lssue2, ISSN 0128281 [ittp://www. engj.org/) 163



DOI:10.4186/ep015192.157

difference between model and field survey in this case are the physical geography in the area and the lack o
coordinate information from the tialata to make starting point difficult to adjust.

The difference between computed slips on the top patches and observed slip in the field could be
resulted from three main factors. First, the-$iledeyed slips are measured on top soil, the deptichf
over the below bedrock is unknown but could vary feenmedns to hundreds meters. tBa contrary, the
computed slips are the values of the underneath rock which is not observable. Second, the precise
coordinates of the locations of fislttveyedslips are not available to us. We could onlyghess the
locations from various sources of maps, diagram and satellite images but it is dilkehs thiee large.
Third, the Milti-patch solution from Laplacian smoothing explained in section 4 is not unique. There could
be many slip distribution models that resulted in the same magnitude of this Tarlay earthquake. We choose
the one that seems to agree most with the known noscbfault such as localization of large slips and
slip directions do not deviate much from patch to patch. Nevertheless, with the currently available data, we
cannot explain with certainty the large differences in the segmeriofr@tekl0-13 and fom kilometer
24-26. On the other hand there is a-agteed segment ofdmeter 1416 and another segment with
relatively small differences froitorketer16-22. Further work such as seismic slip inversion could provide
independent validation of our résu

6. Coulomb Stress Change Computation
We use USGS Coulomb program 3.3 versmoomputestess change in nearby fayt§. The

parametersf the ruptured segment of Nam Ma fault is obtained finglefatchmodel The faults
included in this analysis are Mae Chan, Chiang San, Mae Lao, Mae Suai, Chiang Kham and Mae Ing.

Coulomb stress change for individual fault slip (bar) Bar
2
e
o me l1 5
/ , B
/ Tarlay Earthquake B 0
/ 24 Harch' 2011 M = /6.8 7

1 M3e Chan Fayiy
s
R e

Z (km)
8 3

700

xo®

Fig.8. Coulomb stress change result on Mae Chan and nearby fault in upper northern of Thailand after
the Tarlayearthquake. Red star shows the epicentey=6.BIChiang Rai earthquakecurring
on 5 May 2014.

As shown inFig. 8, Nam Ma faulreleases its stress during the earthquake, and the stress is re
distributed to surrounding area, especially near the Mae Chan fabiwsljpdmarily consider & Chan
fault,the east endf Mae Chan fauttould be failure caused by ithereasig of the stresas indicateth
the maximum value of coulomb stress scale around 036 tha& same time, the west and middle of the
fault are stress shadow zone. The others interesting faults are Chiang Kham and Mae Ing fault because the
coulomb stress isdreased in abb 0.5 bar. For other faults, the remaining value of the stress is
decreased, so this analytical rexiittates that theasterrof Mae ChanMae Ing and Chiang Kham faults
could have a high probability of seismic Adter Tarlayearthquake about 3 years, dagthquake
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occurred in Chiang Rai 8hMay, 2014vith My=6.3 Although the result from coulomb stress change in

Mae Lao fault And Mae Staultwas given te0.15 bawhich represent a reduction of stress, but this is
justthe risk assessment for the probability of the earthquake arise in the future. The data from Chiang Rai
earthquake is the one to support that the faults in the upper north of Thailand have stress transfer, and it is
interesting that the increasing chafiearthquake event in other faults of Thailand.

7. Time-series INSAR forPostseismic Deformation Detection

The postseismic investigation is performed by processing the 19 -Rddagat (Beam type: F3N,
Incidence angle: 42°) witlmeseries INSARnalysis. Rational and details of each processing stéps of th
technique can be found [22. Acquisition date and baseline information of the images, acquired from
June, 2011 till May, 2013 in ascending orbit covering the Mae Chan fault and Na@rééa daelshown

in Table 3. All images areregistered to the master imagery of 20 March, 2012. The master image is
chosen by maximizing (predicted) total coherence of the interferometric stack, based on the perpendicular
baseline, temporal baselihe,rnean Doppler centroid frequency difference and thermgRdoise

Table 3. Acquisition and pairing details of Rad&satages, ascending orbit.

No Date Perpendicular Temporal Baseline
' Baseline (Meter) (Day)
1  30June 2011 -132 264
2 24 July 2011 -108 240
3 17 August 2011 -30 216
4 4 October 2011 -57 168
5 28 October 2011 197 144
6 21 November 2011 101 120
7 15 December 2011 112 96
8 8 January 2012 -1026 72
9 1 February 2012 -129 48
10 25 February 2012 -90 24
11 20 March 2012 0 0
12 13 April 2012 158 24
13 7 May 2012 -576 48
14 31 May 2012 155 72
15 24 July 2012 290 96
16 19FebruarR013 -37 240
17 15 Marct2013 -86 264
18 8 April2013 -100 288
19 26 May013 165 312

We employ StaMPS/MTI software package to analgméte of Radarsatimages with a variant of
Timeseries INSAR technique known as Persistent Scatterer (PS) Figgiro@. illustratesifieseries
INSAR processing flowhe initial part of the process is the generation of nogréens using DORIS

software[23. In this part, the 3 asecond (90 meter) resolution of SRTM DEM was used to remove
topographic phase. All interferograms were simultaneously processed iteratively, using only pixels whose
phases are considered stable. Then, phase stability whithirieccém each pixel was initially rejected

based on their amplitude characteristics. For the PS pixel s@dtime converted all data into a
preferred format for PS processing. Next, phase noise which exists in each candidate pixel of every
interfepgram was estimated and selected based on their stochastic characteristics. After that, the pixels
selection in the previous step were weeded and corrected for-spetiakyated look angle error and

master atmosphere and orbit error. Values of gpatiaklated look angle error which occurs from DEM

and orbital error were calculated and eliminated using measure of the phase noise lej2d.eghation

phase change is then unwrapped and then each PS point is assignedelottityher rate of ase

change resulted from regression in time.
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Fig. 9. Timeseries INSAR processing flow using DORIS and StaMPS software.

The result from PS technique reveals the postseismic deformation oéartrtpyake spanning
approximately two years. There are morel#ha@®00 PS points of ascengiath with LOS displacement
rate betweerR4.4 to 34.5 millimeters per year as showig.10(a). The results show the positive range
change (blue) i.e. magiaway from the sensor in the southern part of Nam Ma fault while the northern
show negative range change (red) meaning moving toward the sensor direction. The result was consistent
with leftlateral fault movement. The white dash line shows an imaginsegttacross the Nam fdalt
line. Figure 10(b) shows profilethis transect. It can be seen that the LOS velocities are symmetrical
t . The di s pl adastimeshound med@dOlein n

across the
postseismic phase
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Fig.10 (a)Displacement rate {limetefyear) in Nam MandMae Chan fault regidrom Timeseries
INSAR analysis of a suite of 19 Radargatigeries from June 2011 to May 2Dafk arrows
show direction of Radarsatrajectory and its LONegative range changes (red) were detected
in the area north of Nam Ma fault and positive range change (blue) in the south of the fault.
White dash line shows an imaginarys#éetncrossing Nam Ma fault lin®); the profile of the
transect showim (a).

8. Conclusion

ThelnSARcoseismic motion is used in the inversion analysis to determine Nam Ma fault pditzeneters.
Snglepatch model yields a e@snic slip of 2.5 m. From theuipatch model, the maximum slip in top
patch is 1.95 meters at depth of about 1 kilometers. When compare with tlubteaheelsfrom field
survey, we found rather large differences in western segnbenhe surface slip aknost the same in
kilometresl4-16.

The result from the simple fault plane model is used in the Coulomslcistgge computation in
nearbyfaults.It reveals that the stress increases 0.6 bar in the east end of the Maml OtEm pbar in
Mae IngfaultandChiang Kham faullTheremaining faults indiceads a stress shadow

By using the slip rate in the interseismic stage of Nam Ma fault from [4] the values of which are
between 0-8.4 millimetres per year with the slip of 2ffEom Snglepatch modelthe recurrence period
is approximated to be betm 1,0401,160 yearf we assume that earthquake is characterizeciage
slip of1.36m from multipatch model, it yields recurrence period of approxirf@@®R;260 years.

Radarsa? images are used to detect postseimotion occurred in the past 2 years after Tarlay
earthquake. The analytical result reveals that the LOS displacement is up to 3.45 centimeters per year with
the highest deformation locating2l0kilometres. Continuing data is required in order to dedettmai
interseismic rate of this segment of Nam Ma fault which would enable the computation of a more reliable
recurrence period.

The recent Chiang Rai earthquake doguon 5 May 2014 6.3 exposed the seismic risk of
northern Thailand rem. The earthquake epitams locatedtthe depth of about 7klometers on Mae
Suai faulf25. Althoughour Coulomb stress change result does not show stress increase on Mae Suai fault,
it becomes imperative to monitor all nearby faulth as Phayaand Chiang Mai fault since the
orientation of these faults could be in fiavaj receiving stress increase from Chiang Rai earthquake and
therefore result in higher probability of large eartbquaakirring in the near future.
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