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Abstract

In this study, the seismicity rate changes that represent an earthquake
precursor were investigated along the Sagaing Fault Zone (SFZ), Central Myanmar
using the Z-value technique. After statistical improvement of existing seismicity data
(the instrumental earthquake records), by removal of the foreshocks and aftershocks
and man-made seismicity changes and standardization of the reported magnitude
scales, 3,574 earthquake events with a M, > 4.2 reported during 1977-2015 were
found to directly represent the seismotectonic activities of the SFZ. In order to find
the characteristic parameters specifically suitable for the SFZ, seven known events of
M,, > 6.0 earthquakes were recognized and used for retrospective tests. As a result,
utilizing the conditions of a fixed 25 earthquake events considered (N) and 2 yr time
window (Ty,), a significantly high Z value was found to precede most of the M,, > 6.0
earthquakes. Therefore, in order to evaluate the prospective areas of upcoming
earthquakes, these conditions (N = 25 and T,, = 2) were applied with the most up-to-
date seismicity data of 2010-2015. The result illustrated that the vicinity of Myitkyina
and Naypyidaw (Z = 4.2-5.1) cities might be subject to strong or major earthquakes in

the future.

Keywords: Earthquake catalogue; Seismicity rate change; Z value; Precursor; Sagaing

Fault Zone; Myanmar
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A 1 1 1 & 1 = 1 & 1 1
YauvisesenasynIuKuiUionlandosluafn 2 uiu Ae wluyuAl (Sunda Plate) aguiu
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nausesliauaENuSuINsAGoUN UM 16-22 A1UUNRIULN

& < v [ 1 & aa oy .

wenNTHAIINNSIAUTBYATEUUTEYUMUMIulan 38 Jitea (Global Positioning
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fiauszanad 18 faawmns/U (Socquet uagmue, 2006)

31NAITUUAANUMIIEATINANEAINYY NUIINGUTRLLADUALN1ETINWUENI5T A
daugu (geomorphology) fikananisusuanuazidouivesuiudonlanegrauiulade (Le
Dain hazAny, 1984) lngagnugiiussimadnuazianiziduiusiunisidousinasnuulsey
AU WU H1TeELiBY (fault scarp) LULWIUI (shutter ridge) udUIgUs7 (sag pond)
M9UIH 10 (beheaded stream) wagn19u1%nge (offset stream) Wufu naonalulIToY
44' Y} a A =1 « ) ! «
Wou (3U 1.19) lnendngiunagiivsewmemand diulvgusinisideusiveingusosiiouds
NERUUMEDNT19UILY @anARIiUTaYaN1INTIITANISIRBUMMEIATaID I 699
na Ut



U 1.1.(n) unufivszmamuaziuiitafsaansnsnsiivesosidouasme (Fuiung)
ﬁTﬂmeiamamizﬂucjuﬁulmsummimjﬁﬁﬁm (naufivdibu) wavwsuiulmi
araialdanedesiionsinta (enaslussdi) (@) Meghanmaronnuansdnums
pivszmaidunuduidunssvessesidouasnie nouldveaiesiumnziad (a)

o o a

arvuan s uAulmauialuamuLuITesldeuaznie (FUR dunavduay

[ (% L3

douninind avsad, 2557)

21nA1553U5ANuITeluefn (Milne, 1911; Chhibber, 1934; Thawbita, 1976; Zaw,
2006; Swe, 2006; Kundu Wag Gahalaut, 2012) Wu318n150ufinwazs1891uLm9n150]
wriuAulmiidvuauiudulu > 7.0 3nimes Uszinm 70 wgnnsal (3U 1.10) wnetiniy
Tuvae¥ w.a. 1972-2534 (562 U) Faludruaud fuszun 20 wgnisaliiifinisseyian
i wazauiavoswsiuAulmiuiuey (woudidulugy 1.1a) Tneusdufulmiiioun
Tngifignde wiudulmuuin 8.0 3nimes lotuil 23 nquaian w.a. 2455 (woudunslugy



1.10) nefnquinanausiudulmiiosiumgiad manoumievessosidouaznie (Kundu
ey Gahalaut, 2012)

uonninindudoundenduluansisaunisinukuiulnanietuiinnig
UszTRmanidanuin nqusesidevasnmeduinsiiauiuiulmuialuguining wazads
anudemeluszduiigunswofiuiidrofosediaiulddn Wy lunsdvonafduuones
(Shwemawdaw Pagoda) wi3eftnysmatingurilveFendt nsxsmue dnsegnanadlam
@129 weimargarnuiuAulmadduguindade 4 afe wu Tneuduiulnadlofud s
nangIAL WA 2473 hliuGsenasafiduuenosesdiniiamn (sU 1.2n) nieuinseis
AU (Mingun Pagoda) Faidulafidadrsiedgunsilngjuazgsigeluginateide
ny fuoonidediiufldsuaudemeeganinanmmnssiuuiulmiidomela Tl ne,
2460 (3U 1.29) 1Wusiu

(n) WLILRABS(WwWw.bospot.com) (¥) Funu (www.atlasobscura.com)

e‘o

U 1.2. wagddgludssmandnlasuransenuiusiuulmnnausesdeuasnie

uaNaNi Wang wagame (2011) liyasesdnassdinguwsuiulmuinmnduses
Laauawma wundngrumsdeushveangnoufiduiusiuniniauuiulmeiaios 2 afily
Uil Swannstmuaeigdiemeanemans (hegnsdudeifiensuou-14) Bud
31 mn1salusnitazAnlurag wa. 1530-1700 drudnnilamgnisaiduiiudiunisiia
uuAnldloTu 5 Wounguanay w.a. 2473 (a.a. 1930) un 7.3 Sninef vsaudesens
fla manoulfusangusesidouaznie (Chhibber, 1934)



TuyuueswesivissuiuulmiisosideuaznedimaieUsemalng Pailoplee (2012)
TesrusmunuiwsuAulnm (soseismal map) Faduunuiinanisziunssduaziiouvos
fufisney sSuidesnmnmanisaiukuiulmiinedaiulueaislulssmalneuazdseme
s nudrfvduiifumensoiusiuiulniideiunnsesdeuasme uardmansznud
ussduazifioudandesmalneoadaaulsyana 4 wmgnnsalddy (11519 1.1 wazgy
1.3)

M1319 1.1. TgazidgamnnsaiukuAulmiinfuainsesidoudzniouasdaansenuay
usdduaziiioutaUszmalne (sausiulee Pailoplee, 2012)

Lanfaukuaulng ALY EQIGEE 91989

23 NeWAIAL 2455 Tunziad 8.0 Brown (1914)

23 WeWAIAY 2455 Mode 8.0 Khin tag Win (1968)

3 SunnAw 2473 nele 7.3 Brown wag Leicester (1933)
4 Sunaw 2473 81919 73 Brown Wag Leicester (1933)

91191 1.1 Wundngrududuliinsesideuazmeilonaiausiudulmuunelngle
WisEU 7.0-8.0 3nmed Fanannnisiinuiuiulmluseduil enadmansenuguivasy
wiuiulmseUszmelngld Tnolanvesnadenauuruiulmaiuenfiatuainundsida
svoglnaldusesideuaznied a1Ann1sduies (Resonance) uazdiwansenulaonseiu
p1sgalungammamiuas fMemmiuenainmfanuaniisy fingusesideusie fog
Usnalndiissegesenidourdatanuaz seuidouafdauesd 1msihseTuasinyvse
Uszidiulemadnuuiulmmuiuisesideudsnie é?fqﬁiamatﬁmLLcJuaulméuumﬁlmyj 1GE
a'qmamzwuéﬁuLLiaﬁuazLﬁauﬁumﬂ?‘ﬂ'umumaﬁﬂizwwiammiqwmmzLwﬂl‘wa



(n) 23 wowA1AN W.A. 2455 () 23 WwAIAN W.A. 2455
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U 1.3, wnnsalusiuiulninsed Ay iiinannausesifoudsniguazadanansenuausEey
ussduazitoutsUszmalne (sausiulag Pailoplee, 2012)



1.2. LLNuau‘Lm%wmL%eaﬁﬁmuummjmaﬂL?iauazma (Statistical Seismology along
the Sagaing Fault Zone)

1.2.1. Htwe, Y.M.M. and WenBin S., 2009. Gutenberg-Richter Recurrence Law
to Seismicity Analysis of Southern Segment of the Sagaing Fault Zone and Its
Associate Components. World Academy of Science, Engineering and Technology,
50: 1026-1029.

W&991n7 Ishimoto waz lida (1939) was Gutenberg wag Richter (1944) AUNU
auduiudseninsaudvesnisiinwiuiulmsazsuauduiulnlussazsysudandly
dun13 (1.1) (R3U 1.4 Ysznav)

log(N,)=a-bM wu3e In(N_)=Ina - M (1.1)

FethgiutnuiudulmineSenaunsauduiustosadunenisiiauns “as
N5291862ANUB-VUALH LAY LAY (Frequency-Magnitude Distribution 38 FMD)” lag
N, Ao sns1msiinunuAulmfidoun > M Tae a uay b AeAa dsazuanasiululuws
arfiufiuazgaainet diudl o uar g AeAnsfiuazduiusiud a uaz bluguves
a =exp(aln(10)) k8¢ B =bIn(10)

Log (Nm)

Log (Nm) = 6.08-0.69M
| |

1 \\\\\\\\\\\\\\}\\\\\\\\\\\\\\}\\\\

0 1 2 3 4 5 6 7
Magnitude (M)

5U 1.4. feguanuduiussenituiawiuiulng (M) waganudvesnisiiawiuiulng
(Nm) 1AgINAMENTAALIMAT a = 6.08 UagA1 b = 0.69



TumsuduAulminedu a1 a @adawnuiivesaunisdunss) fe §nsnisiaa
wiuAvlnlaesmannng wunausuALlm (log vesdiummmsaiiwudulmifvun > 0)
d1uA1 b (ANTUYDIELNITEUNTY) Ao dadiuvssiiufulmvualngrsunufulmug
An (30 1.0) Tevieen a uay b dudusulsddyiidefmofnssumafausiuiulmluiiug
1 lalaenss

91Na@UN15 1.1 AINa1 Htwe waz WebBin (2009) la@nwinginssunisiinueauiulvg
Uihumaneulivesngusesidouaznie lnsnslideyaunuulmiingaialdanaieile
n379%0 1Taseat Taegluduusn Hiwe uag WebBin (2009) IHuvslounisifinuaufulm
Uinaduiidnweandu 9 Teu Mnvdnguatvayumedussaiveuazssdulsdugiuly
fiuit qU 1.5) anduldlddoyausiuulmdvuiinlilutag a.e. 1975-2006 ludrsvuin
unuAulig 4.0-7.5 Snmes wdasizisanUsnginssuunuaulag (Gutenberg was Richter,
1944) Tneluidowiulden a wag a1 b Fauansluasng 1.2 Fwaannsuseidiua a uag @1
b fana12 Hiwe Wag WebBin (2009) lstiluTiasegsive Tnonaiiliuansegluguveaniiud
($1u21/0) waraugiidesnisinuiuiulmlusdazaun Tasangy 1.6 wandliidiudn
Twu 1 Jeoguungusesideuazmeiinginssunsiiausufulmgegn vauzilou 7 Snginssy
mMsiAawsiuAulmiige Wulunsdvedloy 7 muqﬁﬁﬁz};ﬁﬁuaqmilﬁmLLr;Juﬁulmsumm 7.030
wesiuUstdulfemuiuszana 500-600 T (3U 1.69)

1519 1.2. HaN15IASIERAILUS
wuAulmIan 9 Tou nauld
YINFUITRLFRUALNY

Tu F) b

0.75967 0.35759
0.54407 0.43422
0.6721 0.43422
0.59827 0.47369
0.71078 0.44345
0.77608 0.3799
0.59671 0.47369
0.63144 0.43422
0.49976 0.43422

O 00 N o 1 A W DN -

sU 1.5, fiunnaneuldvesnqusesiisuasnie
wanInIshUslguiaUsEIliufLUIAu
WOANIIUNTAALHUALLI



[%
wa o a

(n) AR (F1w3n/0) veusudiulm (v) ANUgURTIvDINISARULEUALLIN

U 1.6. nginssumsiinusufulmvedlausieg nwmeuldveinqusssideuasnie Useily
31NA7 a kagAl b Asandlunnsne 1.2

1.2.2. Pailoplee, S. (in press). Earthquake Activities along the Sagaing Fault
Zone, Central Myanmar: Implications for Fault Segmentation. Journal
of Earth Science: 25p.

3%l Pailoplee (in press) 34'&LﬁuﬁﬂmﬁaLLUﬁé’mLszuﬁulmLLmﬂfjmasJL?{auaz
Mo meunasUsEmansi1 daldud 1) vuauwsiudulngsan 2) AUgTRen uay 3) ATnitay
Wuvesnsiiaununulu Iﬂam'ﬁﬁnmﬁ%miwﬁmﬂgmsﬁamﬂaLLsJuaulmﬁshuﬂszmumi
Huareinuldgutoyaukuiulmitauysaiuardofafianssuninfnuiuiulmluiuiiagng
IREN (Lwiuﬁulmwé’ﬂﬁmumiLL‘UmmmwmaﬁmﬁuumLwiuaulmiﬁaeﬂwﬂwLﬁmﬁ’u uaz
fanduAulmiazuNuaulmn)

NaAINNTANYINUIINGUTesLdauarnIsanTaLeneanilusesideusosnuAIL

LAnsvemgAnsTuNRAnuKuAUlmld 3 sesidoudes lay 1) sesidougosszuinaie
suBnAuT (Myitkyina)-ilesfameiad (Mandalay) Wusesidaugesfiuszduindfvasy
wHuAUlgean lunsalves 2) soundoudesnsyla (Bago)samziad (Mandalay) AvAsedle
Wisuisuiusesideudesduy eglusziuuiunats uag 3) ludiuvessesideudosasnie
maneuldsosnadlulungiadunsiu nansAnwduuniidusesidoudesfiiuasudan
sleiflsutusn 2 sesidoudesiingrundouning Tnenamsiszilusieazidemuiised

- weAnssun1siinuiuAuleg (Earthquake Activities) LilofiasUszifiudauussnu

wuAulmludaiiu §ideldudsifuiiden 0.5° x 0.5° sauwandusesideuarnie dsluusas
fufigeslddndenuiuiulmifegnislused 110 Alawns wazthuivszdu FMD Tngld
TUsunsy ZMAP (Wiemer, 2001) F9HaINAIIRANT LA AL U 08 $19A7 a way b
(Gutenberg Wag Richter, 1944) saufsdrmdoavumnsguvesdoyadgnuseifiunazdoii
uruiidsuansdlugy 1.7



MngUNUIERLT 2 Aufifuanse a uazen b Ageogadiuldda WWud vinalndides
v94 1) iloswdnaur- meawileilosiumziad waz 2) uenweilmziadunisiu (3U 1.7) 39
Tunausufulviingt a1 a uaga b figs vaneds ngAnssuusuiulmlnesnvosiiuiigs
wardnsaveHuAUlmalnydeusiufulmaunadniias deuludarumnglF
famamiouazuonteilsveamsindelien a ety Wuiuiiingfnssumafnuiuiulniigs
dewFsuiisudufiuiiaun (U 1.7a) wagvinfisnsananizan b Uaiiuuingusosideuas
noludradiesiiumeiad-iomsaniddan b fdndrfiuiiaug (U 1.70) flonaifa
wriuidlmuelvgiinnniiuiisug fkaasen b ﬁqmdwﬁuﬁﬁmdn

- °U‘u’1ﬂLLNuauiﬁﬁ?QGQﬂﬁaﬁuﬂiﬂLﬁﬂ‘léf (Possible maximum magnitude of an
earthquake)

A1NEUN1T FMD (@un1s 1.1) finauslae Ishimoto waz lida (1939) waz Gutenberg
uay Richter (1944) sfnusiufulwiineniusion anldrosoauuaniiewnnyszgndldlunis
UﬁzL:ﬁquﬁﬂssumstﬁﬂLLsJuauimiuﬁuﬁﬁm6’] F9g1U Yaday kazane (2011) wuas
aunsanuduiius FVMD Tregluguvesaunis (1.2) FadunisiiAdauds FMD u1dasies
yawsiuAulgeaaianfntuldluutasifansa

u = In(at) (1.2)
LB

Tnertwusli u, fo suwiawiuiulmgaaniandistuldlugasam t ifesan dduns
Annzinazdmiusuiinansuausuiulmgeaedululd f a was b AldainnisUsiiu
Tutumeuiiiiuandauandusy 1.7 asgnivdsuldifud o wee B ameuduriusitlfiaue
Tuaunis (1.1) Mnduruauiuiulmidululdgeaaazgniunumuauns (1.2) uag i
LLmuﬁfr’ﬁLLamiugﬂ 1.8 TnefinnsandigasUnnen 1wy svevdu (5 uaz 10 U) Feflusslowd
dmsumsudsssrvuiulduvosanudssiuusiuiulmlutlagdy ssozuiunansds
srure1 (50 uay 100 U) 6'?5&Lﬂuﬂiziaﬁuﬁﬁfm%’umiﬂ“mumaaﬂLmemsﬁa?mqﬂa%a
e fiddy



5U 1.7. unuiveIngusoeifoudsny nounalevesusemanil wanaguiuun1snsgneaized (n) A1 a (¥) A1 b (A) AdeuuanIgIuvesdl b

way (9) % ANUetuYeIn1sUsEL FMD .
o
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U (@) 50 U wag (1) 100 U muaiau
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91n3v 1.8 uansliiiuinngusesidouaznie uwiswesldiu 3 dumusziungingsy
aukduAulv lawn 1) WeswdnAur-neumilevealieuiunzad 2) Wswlnunziad-loms
a1 uay 3) uenyeziaduansiu e 1wy WesdnAur-neumileveadleufumsiad
flonmagslumsa¥rawsiudulmlifovuin 6.8 Mw ludn 50 Ythemih Tuvazilugues
Slowumziag-domeand wiuulmunauszan 4.8-5.2 5.6-6.0 Mw anaasinduludn
10 Yo 50 Yrmthmnuaau (5U 1.8)

- muqﬁaq}éwaum’uau‘lm (Return period of earthquake) Lﬁ@m@mmﬂmq
ssalinedsiininiAnuuudy lumainermansinazvendidudunuresninuives
wgnsaitug Tusuvestisianadsvesniaiiiagt iSeninniugiifien (recurrence period)
fhegratu fmmnisaluiufulm 7.0 wansaifeduluiiuiinaensyeziaa 3,500 3 agui
faugtRdiads 500 U lunsdivesmsinsgiaugifeivosuduiulmusasunassiie
wiuduln Adeléfinseinugtidnesuiazsuauiuiulmldainauns (1.3) (Yaday
wazAy, 2011) Tngmrualien T, Ao muaqﬁ’asﬁ;waqLLcJuauWﬂuLwiazsuum m Fadudiu
nduresiununieauiveanisiinunuauln N, Tnsannsauseduldaindr o wax g
voswstazuvasiudauiuiulmnieusazivayadivesusuudenian finanluudlutredu

T -1 _exp(fm) (1.3)

" N a

m

Tnglunsdivesngusosidouasnied gadulszifiuaugtdiveuiufiuln vuin
£31974 5.0-8.0 Mw Lis91nusiuAulmvuie 5.0 Mw fodnduwiuiulmeundniigad
ansaaieanudemeliitudsgnainald uas ndusesidouazneineifnusudulmuue
Tugjfian 8.0 Mw Tufu 23 wquatau 1912 (Brown, 1914) A nunuiiaugdfdivos
wiudulmieseildanuddeld U 19) vdihaugtidivesuiulmneun 5.0 Mw
uaz 8.0 Mw agfl < 20 U wag 1,000 U auddiu naenndusesideuaznie uadmiuau
guRTwesusiuAulnuwIa 6.0 Mw 930 7.0 Mw dsnalingusesidouaznisazgnutsonn
Hu 3 dauges Tnswsiufulmawia 7.0 Mw anfnduluduiidunmegeongusosdeuas
Mg (sgrriadlosdnAun-neumieveniesdumeiad) lung 20-60 U luraziingusos
douavmessniaiiestunsiad-Wesman uansaugtifiveusuAtlmaun 6.0 Mw
WAz 7.0 Mw giiuszanal 30-50 U uay 150-300 Usnuddiu lumansefudrudmiungy
soudouaymeludiuuenmeilmeiaduniu nansUssduaugiRevesusuiulm wune
6.0 Mw flaUszana 60-100 U dsderdudruiisunsediigaideifisufungusesideuas
Medwdy (§U 1.9)

- Auu1ziluvasmsiiauiuiulung (Probability of exceedance, POE)uanani
AIdpdeanunsaussliuvsouansngAnssunsiinuruiulmvesusazuranuiauruaulng
IugﬂLL‘UUGUENmWmiiﬂﬁ]zL‘f]u(Probabilities of Earthquake Occurrences, POE) (11138 %) U84
nsiauRuRulmluLazsaLar URRa s R aums (1.4) (Yadav LazAng, 2011)



13

P, (m) =1-exp(-at.exp(-£m)) (1.4)

1agA1 Pdm) Ao Aand1aziduresnisifaunudulmiauin m Tugissseziaaing
fi9rsan t Tnelunisane3deil 16Usediy POE wesunupulmauinsewing 5.0-8.0 Mw lu
3 50 Ydavth Fuandlugd 1.10 Usddmasauun nqusesideuaznie i POE 100% vaq
wuAUlIYLIR 5.0 Mw uidnsanUseanidu 3 @ufiuansiadiuniy POE vaswdufulmn
6.0-7.0 Mw vauzi POE vaaudufulmawin 6.0 Mw wag 7.0 Mw fifsswing 30-90% waw
0-50% suandiu dludruiisunsnegegn szriadlowdniudmeunioveadesiumsiad
i1 POE woswsuAulmvun 8.0 Mw ludn 50 Vdrantd Uszunas 10-30% Tuvasdinwisesy
Beudosfivded POE tounin 10% flaziiaunufulmawin 8.0 Mw

uamawaﬁﬁﬁﬁaﬁalﬁﬂizLﬁuiuiﬁsazLﬁsm POE 903usufulmauIn 4.0-8.0 Mw
Tomaiatuludn 25, 50 wag 100 Jeramei Tuusnaniieslng 6 1e9 ﬁé}u'qaguﬂuﬁnmiﬂéj
ﬁun&jmam?{auazma (Wpsudnaun, Wesluneiad, Weawesd, wWesulnod, Woawsdnin
uazgnafe) $591n3U 1.1 wansiudesiinduuaziudaed iWuilesiilonalsfusunsioan
uriuAvlniian Tnelennado-60% POE Mlawiinusiufulmvunn7.0 Mw ludn 50-100 3
Tuvneiidesiumsiaduaznsds ogluiufidunsedaniidl POE dasnin 10% fiazifn
uruAulmvun 7.0 Mw Tudn 100 T

e isemansidsansiinaaunuduiodestuetieiiussansam lnsianzly
Nufidleadndiun (Myitkyina)fosufaumziad (Mandalay) Lﬁaiﬁqaujlﬁaﬁaaﬁqm mMAAARUR
Sowduiulmuluouan



sU 1.9. WHUTIYDINAUTOELADUAEN Y ABUNAIIVBIUTEMANIN WARSFULUUNINTZAUAIVBIATUY
(A) 7.0 kaz (4) 8.0 Mw ANUa1AU

1%
wa o a

URYIUBINITEN

ALNUAULIIUIA (1) 5.0 (B) 6.0

12!
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5U 1.10. unuiveengusesiiouasn1y AeuNaNvasUsenanil Lansguiluun1snszatedives POE (%) Tudn 50 Yvewudulmvwia (n) 5.0 (v)

6.0 (A) 7.0 wag (9) 8.0 Mw AUAGU
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a a . . L% 6
(n) WA (Myitkyina) (1) deunetag (Mandalay)
100 TR - 100 -
25 Years
80 80 —e—50 Years
e = o —a— 100 Years
o 60 w
w (U]
g g
40 25 Years 40
20 —a—50 Years L 20
—a— 100 Years )
0 | 0
4 5 6 7 8 4 1+ 6 7 8
Magnitude (Mw) Magnitude (Mw)
P . = a '3 .
(M) »838 (Taunggyi) (9) Wouulaed (Naypyidaw)
100 100 4
80 80
o 60 o 60
o o
a a
40 25 Years 40 25 Years
50 Years
20 —a— 50 Years 20 —. .
—a— 100 Years : —a— 100 Years !
0 ) 0 ]
4 5 6 7 8 4 5 6 7 8
Magnitude (Mw) Magnitude (Mw)
a 1 %
() 9@ (Bago) (2) ¥29N3 (Yangon)
100 100 P
25 Years
80 80 —a— 50 Years
;5 = —a— 100 Years
o 60 w 60
o) g
a
40 40
25 Years
20 —a— 50 Years 20
—&— 100 Years
0 ] 0 b
4 5 6 7 8 4 5 6 7 8
Magnitude (Mw) Magnitude (Mw)

5U 1.11. nswiuans POE vasuruAulmluusazvniauazdisnaniansan a usaiiles
d1Aty 6 1ae NRteYMULLINGUTaLLRoUAYNIY ABUNaUTEINANI
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1.2.3. Pailoplee, S. (2013). Mapping Asperities along the Sagiang Fault Zone,
Myanmar using b-value Anomalies. Journal of Earthquake and
Tsunami 7(5): 1371001-1-12.

mu?%’aﬁ:jqLﬁuﬂizqﬂﬁmsﬂizma@fwaqmmﬁmﬂamam’] b 31n@UNS
AduiuSsErinseui-uaukuAulm @unns 1.1) lunsussidumuiidafnuesses
Beu (asperity) ﬁ?fqLﬂuwmazauwé’amummLﬁuLLazLﬂummaﬁﬁﬁyﬁawﬁﬂﬁﬁmLLr;iuﬁulm
Ieluewian Fegidelddunseigiudoyausiufiulm (earthquake catalogue) Mieglsiiiie
defangAnssuvesmaAnusuiulmauiuingusosideuaznie nounalavosUTEmANN
ogauiia3s pniulduisdoyausiufulmluefindu 3 ndumases tonaasumnadululy
vosauyRgiu Swadldduisdiannsldausfgiusasiuusiuddmngan (U 1.120)
wannsnUsuduiiuiitnfnvessoadould dwdminduldhauyfgiuiikiunmsyssduud
waTeiuguteyauruaulmidagdu (a.e. 1980-2010) (3U 1.129) Wui AaoALUITDS
ngusesideuaznedl 2 Wuiidiilan b Adindrfuiitiadssedindiuldte Fverrauiy
uwnaarudauduaulmilusuian IduAngusesidouasnefininriugeszning 1) e
Uno§ flostaumeiad (Naypyidaw-Mandalay) wae 2) HufiniemeTunnidesliveudewng

w7 (Myitkyina) ianeumilevesngusosidouasne
uennissldusniuiuifiianuRaunfivesd b auuuIuI (cross section) 1
pukLINguTDELAsuarNY odudunisilegaisasminund b Admualduuiuiiadieiy
(5U 1.13) uazdadunmssununiuiigafsvessesideuiivaiug) lnemnoyulfiuiigafad
f b < 0.65 wa < 0.060 Useifiulendl 3 fuitseuq deswdvaw fianuseiduunasinde
wdsidauwsiuiulmuazorsadrawsiuiulmunalnglése 8.6 Snnes (519 1.3) ety
Usgimansindsmsinisnausuiviletosiuegeiiuszavsam eligaydetosiian mnida

R Fousufulmiuluowan
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U 1.12. unuiivesngusesifouaznie Aounansvesusimanan uanaguluunInsEaes
vo3An b zsiiuanyadoyaitudinlalurag (n) 1980-2000 uag (v) 1980-2010
12AuAs e wmnsaiusuulnifeunn mb > 6.0 Sufntundsaingaae
lddoyausiumulmaniwsziluisas i
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=
c s 3 = g
2 g e £ £ 5
) 3 © =
S & z2 Q8 = =
0 vy \ \ \ \{
-20
€ 4o /I TTTTTITT T T T FER
é 0.55 0.58 0.61 0.64 0.67 0.7 0.73 0.76
z o I I I
g O
o -20
0 I T I \ =T rz?ai
0 200 400 600 800 1000 1200 1400

Distance (km)
JU 113, UWUANIMFAY24 (cross section) ﬁumﬂejmam?{auazma MOUNAINTDIUTEINA
N1 LA FULUUNINTEALFIVBIAT b wazHamILanumneiuiinalentaidy
Nufidnfnvesseniden (asperity) lunsdl (1) mb < 6.0 wae () mb < 6.5

a &

M99 1.3. nan1sussiiiuvunvesiungnfinuedsosidounuwandbugy 1.13

Wi 1 Wit 2
wmﬁuﬁmn Mw wmﬁuﬁmn Mw
(km?) (km?)
A1 b < 6.0 7,850 8.0 3,820 7.6
A1 b < 6.5 32,430 8.6 - -

1.3. anudAgylusifivasisnisdne (Significance of Methodology)
dagtudufivensuiusgraniawinsigrudeyausiuiulm (earthquake catalogue)
dufudoyaiiddylumsfnyukuiulminenisadd holineingfnssunasfiufidowie
madauduRnlmlueuian Wy nsUszdiun1izideuasu (seismic quiescence) Aoufivin
wuAnlmlvg 91nn1sWAsunUasdnsnsinuiuAulng (seismicity rate changes) (Wyss
wag Habermann, 1988; Wyss uagamg, 2004) n38n15U52LUNAIENTERAY (seismic
activation) neuiliauruiulmilngdeszideudsiuii-nar-auenisesidou (Region-
Time-Length, RTL Algorithm) (Huang uagmmuy, 2001; Huang kag Nagao, 2002) lagauide
drulngjiu Yszavanudndalunsnensaiuiuiulmlusydunans (intermediate-term
earthquake forecasting) Ae @nsaUszdiuituiidostensinuiuivlmiionafioauanly

1%
[

v A = a v v vy o & a e v A = a ¢ v
nankmaunIe 1-10 TJGU'N‘VIU']VL@I mumﬁu’awumyﬂLuuw%ﬁﬂ‘w%mz’;me‘mgﬁuﬁuayja

HUAULINIULUIAAUSBITFana1 tuT19aY WeUselevulunisiawnut et undRie

]
=]

winAulmduiewnanngusesifeuasneNevdmansenusalssnalng
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FewenanuanTITedileudy qwu%%’aﬁé’&ﬁaﬂumwmﬂmLmew‘%aaﬁmm%ULLw
1%m1umsﬁnmvmmﬂﬁmmimmLLmumulmiuiJsuLwﬂlmLLau‘wumNmm FaeluoRnfinuun
U wwansAnwisdufulnludieddny gadufnyiiiessesifoulings (active fault
study %39 paleoseismology) Liig$I5LAY7 szqua‘vﬂmzLLamﬂug‘dﬁuammqumm n3I0N15LAA
LLﬂjuauvLWm%ﬂd%’jﬂiuwﬁﬂ 1,000-10,000 T Fsdorfunisnennsaiusunulniszerens agn
3179 lueiinsinevidetilunismennsaluduiulmszeznans Sadadudnmaden
msAnwmieiiadlanazyszgnaltlunsinuidesuusiudulmlugiaaedeny fusen
HEN]

1.4. IngUszasAvasiagenis (Objective)
- a & 4 4 ' a A o a X Y  aa
Weouszilunuidessanisiinudufulmlngforaistulusuianaiedznig
Waguulasdnsnsiiaunuduln wazadaluwnuindsswonisiiawiuaulnniuiuingy
FREULRRUATNNY MOUNAIUTENANI

1.5. Y9ULUAVDINTTAY (Scope of Work)

voulvmdsiuiivesnisAnuiogfiasfign 14.08°5-28.03°N uazansdgn 93.83 °-
99.20°¢ (31 1.1) AseumqusBeideuarnouarufitafedulssmeann Tnsdinsoudsng
Anwnidedsiieduislutnediu lngldgudeyawiuiulmniinisnsatanaz tuiinldan
w3aallens29%9 (nstrumental earthquake records) 1unan

1.6. Uszlevinaininazlasu (Outcome)
LN UTLANINITNTLA8FIVDIAIANURAUNRVDIORI NS RALNUAWI TUNUA RN w11
ASAATIEWAUAU AL UIARNSHUABULUAIONTINTTLAAWEURA 7



unil 2
NQufuazIsivy (THEORY AND METHODOLOGY)

2.1. mswisunlasdnsimsiinuiudulvg (Seismicity Rate Change)

Mnund 1 ludruvesnuidsluedn ideliminaueidnsigudeyauruiulmn
UsggndfldliAnusslenilunsussduiuilidesfiasdauiuiulnlueuian ded1989a7n
aun1s FMD Tuaunas (1.1) (Gutenberg waw Richter, 1944) Tnsaduaiasdi b lneidedn

[ '
=1

ynituiladien b AddlenFoudisuiuiiuiitaies dunnedsiuiduiiaudugoaes
Tonaftagfuunasindausuiulrmnnniriuiidrades luond gidefesnsiiaus naw]
funndnseoniy uwitedldlutagiulumsssiduiiuiidestenaiausuiulmidui
LuIRn nsasuuUassRsINsiawiuAlag (seismicity rate change) Sudiuan
PNLWIARYaTIawuAUl (seismic gap) (93U 2.1 Usenav) wazafaunLTludunuAne
TgasidgnlazkanieanunluslvesAInuEaUnRvesdns I Anwuulng Tnelindde
nanvatengy (Kanamori, 1981;) dauaitnsuiiaunuiulmvuialngluseduiiou-U
gnsmsiinudufulmvsnalndifesiuragudnarawiuiulniaganas vselsunin A1ae
IRYUEIU (seismic quiescence) (Wyss Lag Habermann, 1988) A28819t81U Wyss Lag
Habermann (1988) wuinnsuinauduAulnlngUssaina 15-75 oy wiufulnivziinan
Wosanuniussua 45-90% lnguseifiuainnstifinuiluefnainurudulnimenisel
7199 laun wiufuluraldn (Spitak earthquake) vutn 7.0 Snwwes Tul A.@. 1988
unuAulmILaunes (Landers earthquake) Uun 7.5 o3 Tul a.A. 1992 wHuAulnigen
Inla-lnA13 1oA (Hokkaido-Toho-oki earthquake) au1s 8.3 Sntwas Tul A.a. 1994 way
wsiuAvlmtfuy (Nanbu earthquake) vunn 7.3 3niaes Tu Ja.a. 1995 Wudtu Fansmely
vosunufulmesinUnitedudyyradeunsuinuiuiulnlng Afanudululdiay
Wl dudyarauanng (precursor) Tuniswennsalnisifiauiunulmlnglusuaals
Lﬁaﬁ%maﬁummmﬁmJﬂﬁsuaﬂmimﬁ'auLLUaaé’mﬁmiLﬁmwiuﬁulmﬁluﬁuﬁim61
A1 Z (Z value) Qﬂﬁ%auaﬂ%ﬂuiﬂima Habermann (1981; 1983) lngl435n13m1adaLite
Anszidnvaznismellvewruiulnluliiufivaziia Tnedvunnseuian (time
window) Tu udhmsiSsuiieussrinednmmsiawiuivlnlunseunan (R,,) fudns

maiausiuAulyinennsaua (R,,) lagilaainnsisuiiisu Sendnen Z dsauns

(2.1) (g3 2.2 Ysznav)
(2.1)
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Uniform Seismicity Rate Cumulative Number Curve for Uniform Seismicity Rate
. . ‘ 100 . . . :

80

60

40!

20

Number of Occurring Earthquakes
-
Cumulative Number

0 0 20 40 60 80 100
0 20 40 60 80 100 Time

Time

Uniform Seismicity Rate with Quiescent Interval Cumulative Number Curve with Quiescent Interval

: : . . 100 . : . -

a)

Number of Occurring Earthquakes
Cumulative Number

0 20 40 60 80 100 Time
Time

st 2.1. -9 uananawdendrauusuAnln warsuruuiuiulmaraslunsdvosiiud
Anwniidasnsinusiuiulmitasae U a- asisndenduukudulm uas
Sunuuiudulmaraulunsdvesiuiifnuiisnsnmaauiuiulniudsuuuas
(uruAnlmmely) Tuuesgasam

HANTAWINAT z zwmauiunisklanunanglusiuuuvesaiudidgy Tugduuy
yesirurwvesdudoavunnsgnilunsmnisnszaesanuiasduluuund (Wu A1 Z
= 1.64 1MudIAY 90% A1 Z = 1.96 AAudAty 95 %uazA Z = 2.57 ARy 99 %)
Tnedisuusane e

R = semmaiauiuiulmlungudeyauenimiienntianaiinala

R, = sasimsiausuiulmlulugianardisnaule

St = mnuuUsuswvesiasnsiauiuiulmlungudeyausnimiioantananiie
aula

S, = AnuLUsUTINRedns I sinkEuRulmluludiaianisiaula
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N Puuusufulmlunguisyariavuauenvileanyiwamnaula

° A o a X ! =
PunuruAulmnneadulugnafisaula

N2

U 2.2. wanasedeuTenmsAia Z lnodudides vinefsduiuwiuaulmasaslunug
wazr9ialag Wunlunseuidulszduns Ao 9r9a19NasuIUsEIEUAT Z (t-
Tw) duiiunuennsan A NunusnlaanduUseduns (t0-t way Tw-te)

91NAUNIT (2.1) 921iuI1A1 Z Arurueindasinisiiaunudulnilungudeya
venwidieanlutisnaisaulaausesnsnisiauiulmlutianaifisaulaudamsae
mmuﬂsﬂmuﬁuaﬁazﬂaﬁgﬂwm Fetan 7 Wuuanuansin sasinsisusudulnlugasaan
Fisaulamnindnsnmaiawiuiulmlutisaidug Fahasnudewinuiuiulming waz
01AN Z Lﬁua‘umedﬂé’mwmﬂﬁmLLNuﬁulwaluﬂiNLaawﬁLiﬂauhqmdwﬁmwmmﬁm
AUl lugaadue
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2.2. MInuNILuIIgluehn (Literature Reviews)

Chouliaras (2009) Anwin1smglivesununulmneuiatauiulm 6.4 3nmed N1
nriunnvealszimands e a.a. 2008 lnslideyauiuulmaingiudeya institute of
Geodynamics of the National Observatory of Athens (NOA-IG) 31uu 64,344 U1uA
Anszian Z Ténseunan 2.5 U wagdauuwsiudulmildde 70 mgnsal wuitdnnsuia
mevenuALlmswsd .. 2001 (Rowdnwiuiulm 6.4 snmed 7 ) Tnedaunaand Z
frgeanne +6.0 (3U 2.3)

sU 2.3, (n) SrurunsinukuiubmazanluunugaguinaiseamgsalduAulnaile
Fuil 8 §urnaw 2008 @il) waz 13 Sunaw 2008 Funs) gnAsaunsieiaiEuin
azlguasuuufuln 1997.8 uazgnasdimuneiannzRevasuiile 2001.03
donnaeaiuzy ¥ anddihuasdunmingfsiainisiinuruaulng (@) MInszaedn
Feiiuiivesdn Z Ussiiunndeyausiufulviludig 1997.8 - 2003 Tneldius
fase Tw = 4.5 Y uaz N = 70 winn1sal anddndudiunuvesyngudnans
wHuAUlves 13 Sunau 2008 (Choliaras, 2009)

Ozturk wag Bayrak (2009) Anwinismigluvssununulmnewiauauaulng 6.4 30
weas ludssinansi lnelddayauruiulniningiudeya Kandilli Observatory and
Earthquake Research Institute (KOERD) $1uau 522 wmnnsal liledinsizvien Z lngldnseu
nan 5 U uazdnnuwsiudulmiianlddnnaluusazgafnuie 50 wmgnsal Ozturk uay
Bayrak (2009) wuinBuiimsmeluveausiudulnivnaaingagudnatsusiuivlm 8 Alawns
Faudt® A 1997 Inedaunnaindl Z frngeaniio +2.5 wagvdsaintu 6 V3aAnusiufulm
6.4 3nwas muanluusnumingn (U 2.4)
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5U 2.4. LU0 AN TUOBNKANINIINTEANBVRIAN Z Useillulutiwian 1997.6 mnum
(+) nungis eaudnatasuAnlvndvwn = 5.0 SnneT FunwaniBiin1Tanadves
dnsnsialaEuAulm (Ozturk way Bayrak, 2009)

Rudolf-Navarro wazame (2010) Anwinisvieluvesunusulvineuwiauaumulng
Tnguinumeiluudiinvesusamausingln Tnelddeyauiuaulmangruteyavesssme
wiindln wuindewdawiudulmlngluusnavsluldiinvesUssmandngln aziinns
meluveausuulriatuaue Inedunpandunuuuiulmazaluisasiisnaazanas
2819RAUNG

Katsumata (2011a) An®¥1n158Aa32838051N15tARRHUALIINoUAAKH WAL
Yun 83 3nmef vinaulealnand led Ussimaguu dled a.a. 2003 Inelddeya
uriuAvlmATuinl3lugaed A 1994-2003 $1uau 2,000 WAAN3al ITIATIEAMNSARRE
3B 2 wudnsuiinnsanasvesdasinisiauduulniedraddoddny 2 vinalndge
gudnansukuulvadaudd a.a 1999 (U 2.5) Insdunmaind Z fAngeanfio +3.9 uas
14.0 warndantiuuszana 5 VAnaunuAulmwualvaauanluusnusna
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3U 2.5. (n) N15058218A899AAUENANY
wudularluiuiifvansdnnaiy
HaUn@ 1 (A1 29nauilndunne) Lay
ANURAUNR 2 (A2 29naudii) (A uag
9) wansdruIukEuAulavay (§ud
§1) wazAn Z (udiniu) waznsw
UIUATANANLAA NG U (FUFLA)
(Katsumata, 2011a)

Katsumata (2011b) finwn15anasvesdnsinisiainuinlmnouinuruaulng
YUA 9.0 3nnes USnavieiluudiinvessemaddu el a.a. 2011 Inelddeya
usiuAulmituiinlilugaed e 1965-2010 $1uau 5,770 wannal unliasevinsadifse
31 Z nuinBuinisanasvessninisiinuiuiulniegaidedidgluuinaladye
gudnansusuduluiiaudd a.e. 1988 (3U 2.6) Ingdunmaina Z fd1geande +4.9 uay
nFantiu 23.4 YARauuAulmung 9.0 3nwes auluuinading
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3U 2.6. UNUNVDIYUULAAINITNTEAUAIVDIAT Z NANTUTYIWIATUANATY T899
1984-1996 lagduna (A1 Z UIN) LAAINITANAIVOIENTINITIALN LALLM
(Katsumata, 2011b) A3@auandgagudnatsvesuwiuiulmlnlanun 9.0 Mw

Sorbi wazAmE (2012) AnwmgAnssuwiuiulmnowiawiuAulIwn 6.1 3nwes
maneuldvesusemesnsiu el a.a. 2008 laglddayaunumulmaing uteya USGS way
IEES ATuAnlIluga9y a.a. 2005-2011 13RI ENNERRAI8ITAT z nudnsuiinisanad

6 1

vosdnmmaiausuiulmedideddyluuinalndyaquinarukuiulmieudd o e
2007 Tap&anmaindn Z fArgegafie +3.0 (5U 2.7) uaziledinszvdeyauduiulmiye
WYIAUAI835AT b (Gutenberg Lag Richter, 1944) wui1A1 b ﬁwaéwaﬁﬁaﬁwﬁmluu’%nm
Tn&yagudnansuiuiulmiduientu udminfneufinunivaaesestandoutulssum 1
U Anauruaulmvualngnium

Bachmann (2001) l¢@nwnisiuasunlasesdansinsiawiuiulnluudng Coyote
Lake (3U 2.80) Tneuanmng n3ngos 0.05 asrlirseunauitaiui 14doyayausufulm
100 wgnsainelusadl 20 AlawmsiiAsluvinalndifsdunmsduinusaznia 9ngU 2.8
U 9 UIIAN158nA038R I INITAALNUAL I BE19HAUN AN uTiAR TueBN DY
wansalfana uardinisanadlusgiuifeafuluiiuiidugie andufinwnisdsuuag
SsmsiiausuAnlmuuniafavne muunsesidouuinm Coyote Lake wazmuinian
Z 9n9 0.5 Alawasnuuusesidou Tnslddoyausufulm Tusail 20 Alawns 903U 2.80
LanInTsanasressnsInainuiuiulmesinUnlutie 2.4 YneutRaududulvag
Coyote Lake 1o 6 AsvnAs 1979 Uihafianasegmemeumioveunnnisaifangt uazen
7 fifmnalldeglutag 4 -6.5 Juansfadnsmsiauduiulmitanasia 98 %



28

5U 2.7, unuNn1AlAv0IUTEmMABNI1IULAAINITNTEANEAIVBIAT Z ANIFVIIMUETIA
AUGINANNVBILNUAN IR A.A. 2008 FLAINUIEDIAT Z UINNIONISANRIVD

&

[y 1

BN HUAULILATEN MUY RINSHLTY (Sorbi kazAe, 2012)
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5U 2.8. (n) wansgaaudnaHuAnlnIUTIIM Coyote Lake 3030 A WazUILIM Morgan
Hill w309 B (1) wnuuansnunUnfvesan Z Aouinmgnisalurudulngg
Coyote Lake (A) NMFAvIALLLITR8IER B ILNUALLMIUT I Coyote Lake
wanrn Z Tugel 1977.1 - 1979.5 fewinuwdufulmd Coyote Lake Uszaney 2.4
U uazdydnuainnfesunafiinuiuiulmnd Coyote Lake
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4eN9IN# Bachmann (2001) §5ldAnwin1sUdsuutassnsnisiausiuiulmuin
Morgan Hill Ineld33n15iieafufun1sdiuiad Coyote Lake 31n3U 2.90 ENUAITANAS
Y839803 N5 ARk UALIBE1HA YNNI AT TUANYBAMANITIAINGTY kasiin1Tanad
SndesmeneTuanidedld Turmgintmoumionisfuduresdnsniaiauduiulng
Mntufnwinsdsunlaswesdnsnainuiuiulnuuuniagaeg euuusesidoy
U3430d Morgan Hill 91n3U 2.9 UaninN15anaeddnsnIsinwnuiulneg1eiaunfiny
wsesidoulutia 2.9 Yneudausiuaulmd Morgan Hill Usafianasegnaneuldues
wmnsaifana dauvnameumiieinsinafnuiuilm ity

35U 2.9. (N) ANURAUNATEIAT Z newinukuAnln Morgan Hill (¥) AMMAATIN9MINLLITeEY
@oUUsLIRY Morgan Hill wansan Z Tugaetl 1981.4 — 1984.3 ApulAAKHUAULRIN
Morgan Hill Uszana 2.9 U wazdganuwalnnifosiunusiiiauduaulnmi Morgan
Hill
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91NN1FIATILNNITANAIVBITNTINSRAR LALLM NOWmMAN SalWUALlIYWIA 5.8
US1aeu Coyote Lake wag vu1a 6.2 UL Morgan Hill Iagldmn Z wuinneuiauauaulng
Younmnsaisansdinisanamesdnmnninusuiulmeeafiaund Taefidewdnusuiulm
USLIu Coyote Lake Uszan 2.4 U finsanasvesdnsinisinauduiulmegnsdnaunisie
Mz IURBNUBANANITNAINATY UaziowAnuruALLnIUTI Morgan Hill Ussuas 2.9 U &
N38naYaI8RIINTSARLNUALIIVNIAARE TunNUo LMANTRIRINETY

FIuRINN1SASIVEBULENENTINUANU Y noufauduAulnlugaziintsmeluves
wiuAuliAntuaue Tnedsnsmsadian Z grldfinseidnuasnmsmeluvaausufulm
Tudsiinfinaznat uardinsuiuamsfivweslunsiesedlfnusanluudasiuifiie
uriuAnlv Wy nseuan uagdwuwsiuAulmmianldiualuidazgadny Wudy
dielsifudnuaiznsmeluveswsiuiulmegisdaau lnom Z figsfignazuansianismeld
vosusuRulmogsfinunidsazdawandsiulundasiuiififauiufuln euidedis
gatufiagiiasginisidsunlasesdn Z Aduiusiunsifauiuiulmlngluuinungs
soulAauALNIY NIRaUNaYDIUTTIMANI teyAIMsTnesTmungaunayiiiun
AnszidnwagnsmgluvesunuaulmnsuiaLEuiulmlnglusuian Lazviinisuszdu
fufidswomaiauiuiulmivgluomasmuuuingusesideuaynedana
2.3. 75938 (Methodology)

Tunisdszdfiuituidosiiasfauduiulmlnglusuenudnaiiufiaznie neunais
Ussinanntu idesjaiulinseideyauiuiulmiineinduainsesidoudangn e
FBn1suarannis (2.1) Aefind1aluudrludredy edrdlsfnudesaneuidedifunns
'3miwﬁl,%ﬂaaﬁsuaﬂmeiamr;iuﬁulmﬁmaLﬁﬂé’fu Baiilfuddnyendsnuiivanydesesnin
waraueIsavosiuiifiavaulunsiagiiui fudfunrmgndesuisestoyatndduiady
Haduddedrddunsianet faurounsnviisessnludosdinissausan Sinsen
uazdanseilagazideavesgrudeyausuiulmifieglyifinmanysollunifidedmginssu
mMafnuiuAulmegeuiaie Sesandouisiteiidfunisinaeiedsaiiios fall (g3u
2.10 Usznov)

1) Anaandeyausiufulng (Earthquake collection)

Tutligtufinisfadanietnensitauuiulmnszansegialan varnvateiedotie
feannismumuuardinagiudoyanisnsataludosiunuing 3-4 grudeys Aidudin
wmansaiududulmfineidntuginiaeidons Tusenidesld 1Wu Wy Incorporated
Research Institutions For Seismology (IRIS) kazgudeyavesnsugniieuingruseinalng
(Thai Meteorological Department, TMD) wagtilasangrudeyausiuiulluisaziniots
nsnTviadded-defeunndreiu W infetiensesataandUssmaduiianningate
dlanuariszuunsianisiio vlvigudeyaildtuiinnsnmateedudedodussezinan
1uu usidlesanidunisisanninsataivieiuialan iliamisonsaatnliiang
yuausuALsEFUUILNEE (> 4.0-5.0 Smed) Tull duwlunsdvensderiensngnia
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a

Tutsswelng (Wu nsugeiioningy) dudsinaglifimsanainedadussuussdovuas
soidosuninilofisuiuiadetisaindiaszne udilosandinisindeaniingate
asounguUszalneLazifioutiu Suilieietionelulssmaidnennuinninlunisg
psrafausuAulrundng Ssdewddglunsinyimginssunsiausuiulm fauly
Fumeudl Tujudulunsaigrudoyaunuulvmln lnenissmdeyausiufulmitldan
w3ag18n13nsIataaneg warlunsaliifinnsasafauduivlumgniu Wandonany
wnNTallAe?

nandafia1ndnazldsu : pudeyawduiulmmidedszoznailunisnsaineiu

YULATNINILILMVWUIALHUALINTRITAlAN NN

1. Earthquake Collection

2. Magnitude Conversion

3. Earthquake Declustering

4. Man-made Seismicity

5. Retrospective Test

6. Evaluate Seismic Quiescence

7. Mapping Seismic Quiescence

5U 2.10. U UHITUABUNTTYINNUYRILATINTRIATUTIUTINYOYE W3BUTaLa N1SNAdeY
maUszdiunauazisnistunistiaueidugunuuiaun



33

2) YSuriguannsasavdauaufulug (Magnitude conversion)

Tunmsuui nsesradawduiulmlunsazinavisnisasaindnazsneunulenie
wns1lun1sasIataautaniuAulnafiunns1efiy WU body-wave magnitude (mb)
surface-wave magnltude (Ms) local magnitude (ML) 38 moment magnitude (Mw) R
1uLLmaummmim’smmuumqmmmﬂammmu Bnsiunnuazided-tedosfiunnsng
fu Tumsinsesvigrudeyauduiulmedsiiuszansam deyadiléasiimienisngiate
vurauduAnlmifunsguieifuiowe feduluduneudTeadulunsuiudey
ANEITUS S E NN T30 TR ARHUAUIANIY WU Mw-mb uag Mw-MS Husu 3
auduiudvaiesdanuanizuarunnansiulusdasiui andufeinisusuasy
u193n139599uruAuln lugudeyawiufubmlidumbeuinsguderiuain
A ET LSRN

HanAATiA1Ad19EldFU « aunsauduiussEniamasnseTIeinruAs LAYl
wuuAe Alddmsuaniziui uasguteyauduiulmiiniisnisnmataduniae
UINTFIUAE I

3) nsdnnguusiuAulvg (Earthquake declustering)

TngunAusiudulmiingaialdsznaudewsiuiulni (foreshock) wiudulwandn
(main shock) waguRuALlmIA (aftershock) uAlilasnnmgmsaiisufulyvdniAnain
usafu (stress) Suiifosnannisnsevimsssdludsdngiulaense fufulunisiinses
grudeyausiudulnifiousyfiungAnssumaAausufulmluiuiiingg Jainusediuan
gudeyausufulmndniviatu (Gardner wag Knopoff, 1974) fuuludumeuifejuduly
nsfnwanuduiusvosuauiuiulmndnwazuiudulmiuasusuiulmeuiiiedy
iWonsidaurudulniuazuduiulmmuesnaingrudeyaunuiulng Tndeidios

a d' 1 Y o k% 1 a . .
HananA1ad192 a3y : grudeyaunuduluindn (main shock earthquake

catalogue)

4) nsfndausuaulnIaINAanssuayed (Man-made seismicity)

Tneihaluiadornsnisnsrafauduiulniduaiunsansrninadulmasiieuldnn
sunuusudeanananvnineg fu 19y msszidamiles mineasssuidainades usu
(Habermann, 1987) wsiilesaneidethjatiulunisdamigutouauduiulmluiuiidnw
Suiflesnnnssuiunmamsssiiulsdugiuvity deuludureuifajuiulunimvaey
winnsalusiuAulmflilfianannszuiunimessanusdugiu fiinanludreiu uas
fdneenangudeyausiuivlmiiier Tagldinaia Bmsviewvudiassiifininitauslilu
NUITYANFAIUTENA
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nandniia1ndnaglau : gudeyauiufulnivdniuananginssuniessaluusdugiu
uazngAnssunsiaLruaulmlaeassluiuidne

5) Usziliufauusdaseimaunzaununuiifinen (Retrospective test)
Tun1susziuiuiidessonisiiauaunulmaisuuiAnnIslasuLUasdnInIsiin
uduAuln Mulsdrfgiinarenuiiugrvesnsussiliume duusdasy ddlunsalillaun
nsoULIAIveINIsiaendeyaluliaryIIaIn1sATIEla (time window) warseiilunis
W%WimﬂﬁuamalumWLLﬁuqaLﬂiw ‘vﬂm (space window) Inglunismdentuazlduuifnnis
VI@ﬁE)U‘VlLiEJﬂ’J’] retrospective test Fanuneds miwmaaﬂmsmﬂ%amluamm wu Tunsel
vessesideuarne lusiniaeiinuiuiulmivuialng > 7.0 3nwed Afinstudindeya
wruAulmlaegvanysel egeley 20 ASY B9 wITeilonvaslideyaurunuliia 20 ASadl
Junsdifinwn 1y assmmusligadnuideyaiineiinunuaulmsuinivgle g §3deaeii
N1sNARBILaing) lnensidsuiiuwlsvissaiinisniindeyaiieinluly uazaisszezia
Y PN ] d' o a ' Y = [ AN oA X 1
vostayanazly luSes s uavvinisussiliuey Z deaunis (2.1) Fanal Z SAiiadueeg
o ! a A A o d’lj v ! I Y a Ql'
Fataunowiaunufulnuied a.e. 2004 azoynululesuindudiuusdassimungay
ndenduIsldauUsinageuiuyng nsdieusuiiou Wladudsimunvaungauay
v Y] & 1 a Ag v & e N o o a
genndasiuwmgnisaluiufunInlddunsdifnwiuinian Ineinaindiudslaiied
correlation coefficient igegn AomuUsimzauigalunsussliuiuniFedduunty
NaNanNA1nd19z1A5U : AauUsdudase dnsunisuseiliuiiuiidesnae3snnsg
WasullasgnsmsiialauAuln Amungauiulianzsosasuaznig

6) AnTzinnUasunlasdnsinisiiauiudulng (Evaluate seismic quiescence)

ndnldmuusdasyiludeiuiuasnanvesnisdnidondeyafivnzanud {ifoas
yhmIudsiuiidnyieeniduganuigos (sridding) 0.25°%0.25° Fsluusazgafnu TRREEE
Fondeyalufal uagdranainmiusdassfmanzauuagiiunisaaouun 990t
AnTginsasuutasnsnmainukuiulmnuannis (2.1) Judeldnavesdr Z asunn
WA iTsazdaminduunuinaninisnszanefvessiasuulassnnmsiausuiulm
soly

nanAniia1n91921d5U ; unuiuansniInszaeiiveIn1siUasulUasniinigiin
wruFulm

7 Uswmuwu*wLaaman'ﬁmmmuﬂu‘lws (Mapping seismic quiescence)
MEINFIIAAT Z wasrhusuinisasunlassnsmaiausuiulmanduneud
fuan unufiazuanseglusUvesdvion Z Fuansraulumussuludadiouiioutuiud
Fraies sgrslsinulutuneut AIve9zAasUTEiiuel Z AfifuddysonisiAnuauAulg
AR Feldnnisusuiisunsaiinueneg Lﬁa@d%muﬁulmwmﬁhm HOUAUDINU
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A1 Z e mmfu?jq%’mﬁﬁLLmuﬁLﬁmﬁ%LﬁmLLsJuﬁulmsumwhm nnsdenan Z T

seauneg iy daansiegslunatey sUlumuideluein Faiinanaludasu
HanBATiA1Ad19ZlE5U « wuTikanseudssonisiauruAulaunalrgauuun

seeLdoudzniy ﬁ]’mﬁfgfg'lmmmﬁﬂﬂﬂaﬁuaqmimﬁauLLﬂaqé’mwmiLﬁmLm'uﬁuim

(seismicity rate change anomalies)



unfl 3
grudeyawsiufiulviuazalnuauysal (EARTHQUAKE CATALOGUE AND
COMPLETENESS)

aa Av

nsUsuusswteyaukuAubmneussihluldlunsinseiideada Tingussasdiive

9
[

AnnTeegIudeyaHuAulnilanizddoyandefangiinssussaluusdmgu (tectonic
activities) ¥0INUNANYI0E19UT1939 FelumaluuaulnIINgLTana (statistical seismology)
IS o) aal U ¥ a gj A
fsuideuTslumsusuusspudeyaududuln 4 Juneu fe

3.1. M3suTIndayaurufulvg (Collecting Data)

foyawfulmluiuiifnufiazinniesgd aunsasunudnaenldangudoya
wriuAnlmifnstuinlilumbeauiuwiuiulvineidusssemauaslulseme B
MnmsdakasanIfuguoyauiuAuln uiteiannsonunudeyauiuAulnan 3
Frudeyanande 1) grudeyauwnudulnives Incorporated Research Institutions for
Seismology (IRIS) 2) §1u¥® UAUNUA uluriv99 Global CMT Catalogue (GCMT) wag 3)
g1uteyauriufulves Thai Methodological Department (TMD) #susazgiutayatiuog

Y

D.

Tunseureuirnazign assigavesiiuiidnu Tasvosuinuiuiulmn uast9TEzIAT
Fosmsinw Jadlelddoyausuiulniifesnisudiideldsasesfeyausiuaulmususiay
giuteyadaunndstusarliifussdeulfedlusuuuuieu Tnedswnudidudd ashge
a0s39n U ey Tu vuinvosurudulmlumiiesieg audn alus unit uazdundt fauang
Tumnsa 3.1 uardinoaziBondedoyawiuiulniluwtasgiudoyadi

A1379 3.1 M3naneiegguwuunsiaiugudeyauiunuln

Long Lat Year Month Day Mag Depth Hour Min Sec
93.04 2194 2000 11 13 54 74 8 56 56

93.04 2194 2000 11 13 55 74 8 56 56
9290 21.69 2000 11 13 55 33 8 56 a9
94.63 2358 2000 10 11 56 122 9 a2 11
94.63 2358 2000 10 11 55 122 9 a2 10
97.13  24.18 2000 10 6 54 72 12 5 41
97.13 2418 2000 10 6 54 72 12 5 40
94.67 2445 2000 7 2 5.2 103 4 27 58
94.67 24.45 2000 7 2 52 103 4 27 58
94.68 2451 2000 7 2 5.2 82 4 27 56
97.41  26.43 2000 6 8 5.1 18 12 21 12
97.41 26.43 2000 6 8 5.1 18 12 21 12
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97.01 2658 2000 6 5.1 33 12 21
97.15 26.7 2000 6 6.3 37 21 ar 0
97.15 26.7 2000 6 7 6.3 37 21 46 59
95.712  30.79 2000 1 26 52 33 21 38 2
9572  30.79 2000 1 26 5.1 33 21 38
95.50  30.97 2000 1 26 52 33 21 37 57
101.33 19.92 2000 1 19 54 15 20 59 26
101.33  19.92 2000 1 19 54 15 20 59 26
101.22 25.67 2000 1 14 59 30 23 37 11
101.4 2539 2000 1 14 59 33 23 37 10
101.4 2539 2000 1 14 59 33 23 37
101.06  25.60 2000 1 14 58 33 23 37
101.28 25.34 2000 1 14 55 33 22 9
101.28 2534 2000 1 14 55 33 22
9189 2588 1999 10 5 52 33 17 4 50
91.89 2588 1999 10 5 52 33 17 4 a9
96.23 1846 1999 8 15 52 38 16 18 36
96.23 1846 1999 8 15 52 38 16 18 35
94.60 12.08 1999 4 7 53 a7 6 42 31
94.6 12.08 1999 4 7 53 ar 6 42 31
9396 2450 1999 4 5 55 65 22 32 56
9396 2450 1999 q 5 5.6 65 22 32 56
93.67 2490 1999 4 5 5.6 66 22 32 56
9399 2315 1999 2 22 5 51 11 37 53
93.99 2315 1999 2 22 5 51 11 37 52
101.47 2725 1998 11 19 56 15 11 38 16
94.74 2382 1998 10 16 53 112 0 5 36
94.68 2374 1998 10 16 54 101 0 5 34

1) grudayausiufuluivas Incorporated Research Institutions for Seismology
(IRIS) Wugrudeyaiifinisseaudeyaluiiufidinuuimauinian (93U 3.10 wag 3.2n
Usznav) lne senuiuiindmnifamamsaiuiuiulmudasads dallgpuszasddoniaii
nMssenulimsivudaugndesusiugrvesioyaovaziiudszdunils inguaiidely
gudogawiuiulman RIS inszmevhauludeadmiu uenanaugniestesdoyaud
$ruauvesteyafifudsdidyivinlidsiieneiesnuniuiinuindetio Sanmirdoyaly
Usuufnudunoudelundrvzieannousuiudoyaas dadugiudoyasin RS dodnd
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muddnnuezieazsenina Wun vuavewsuiulmlERus 1.7-7.7 mudndous
0-750 a3 NsnTrataunuAulmRaudl a.a. 1964.0169-2015.0706 Hrairanfudeyaly
nilaTusdious 00.00-23.59 u. Fauandlugy 3.3

2) grudoyaurudulunivas Global Centroid Moment Tensor (CMT) luafintiu
Huiidnluederiensvhauddesuusiuiulmluusvesgiudoyausufulm the Harvard
CMT (HRV) TagiinsAananiunisinsieiuas seanualumudmuges (Centroid moment
tensor, CMT) wesimamsniusiuAulmiifaniaunnndd 5.5 Snines dukud U a.e. 1976 (9
5U 3.1% uae 3.21 Usgne) FsauanBenvasiaulsvesdoyausuiuliuasianuuiug
Aoufrsgansgiunsiluiuandeininuds fehliauilunemuusiuiulmiuaei
H91UNTTBNUABUTIIUIY dagaztrniinmanIsaleuAulnILgs CMT 2837898
IRIS &30 LLGi%’aﬁﬁamiﬁﬂhumiﬁﬂmmmLLé”Jﬁuijﬁﬁmmiﬁﬁayjawﬁwwwiasammmm
lddekazgnisiugl seazideatoyauruaulng CMT deqldun vuareuEufulng
IFdaus 4.7-7.5 AruBnaans 10-156 1wns n1sasaatauduiulnineund 1977.3603-
2014.9299 Hananfutoyalunileiufeus 00.00-23.59 u. Fuandluzu 3.4

3) gm%’agau&iuau‘l‘wwaﬂ Thai Meteorological Department (TMD) Lﬂugm%}aaﬂa

viosdiu Fafeanumuiutuvenedssmrriausuiulmlulssmalnefdeudemdiuyy v
Wanusansraduwiuulmuinalndifisuassenunassnureudiswiuaukiug1gs (9
5U 3.1A uar 3.2A Ysenev) suaziBendeyannudulug TMD si1eq laun vu1nves
wruAulnalddane 1.8-82 Arudndans 0-588 1wAs n159519 T Ak uAUIMIRILAT
1998.0023-2009.9973 tasvanfudoyalunileusaus 00.00-23.59 u. Kauandlugy 3.5

duidlosngrudeyawiuiulmluuiazedoiennataiuided-dedefunnsmatu
feghatuiudiinadetieanatauuiulmanmsUsanaiuasdssuunsinnisin uae
soifledluszaznanenu wiesdlaninsiatanszanseginlanogrsvineg shlsinsrainld
arngksuAulmInntngs (> 4.0-5.0 3nwes) Ul dnlunsdlvennderienisnsnia
Tutseinelngagnensugnioineduiudiinasdssosnalunstufintoyausuiulmi
roudsduiioifisufugiudoyariisuszine uidesainiinsindeaniinsatanuiuiy
aseuAguUsEmAlneuaziilouthu Juihliiaied onsainusiuiulmvesnsuggdenine i
Usgansnmlunisnsantauiuiulmauiadn Salanuddnlunsfnvimginssunisiie

Frfutumeuusnuesnmsuu g udeyausiuiulnauiio lUldlunsiieseidadn

a

Tuiuiivdnungusesideuarnie fifedssndudaiugudeyauiuiulmln Tnoniss
Foyauiuaulmsinisneanulflugiudoyasiieg Iundige wazlunsdifinisasiain
wiuAnlmafuluuiasgiutous Widadenifissgudeyaieihindefiofian widusuny
vosuHudulmlundagingnisal (Suckale wag Grinthal, 2009) Insnadwnsild Ao
grutoyauiudulmlmi fediszozinalunsnmainenuiuiuiesnisnsyaeiessunn
wiuAdlninsateldnienniu (93U 3.19 uay 3.29 Usenav)



(M) grudayausuulm RIS (v) grudeyausuulng GCMT

(A) gTudayauHuAulng TMD (3) HATINVRINNFIUTLA

Y '
a A =2

U 3.1. uNuniunAnwLasdIufgwaninIsnIzeivesrsnsalkiuAulmnduiinlg

¥ = 1

INFUTELANUANAITY WEUFLAY AB NFuUTBLRBUAENY

Y
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s 3.2. n9Anuduiusseninsmainuuiulmlunsazvuauaglunsazdianafifing
svelasgrudoyausiuiulnicingg (n) IRS Tufinfeyadusidasd 1964 fdwauy
33,662:1AN158) kazkanIAINrUILILYBItayavuInwuAUlnIegluYe 4.0-6.5
(4) CMT Budufindeusdd 1977 fdoyaurufuln 477 mgn1sal surausuiulm
nsza18aglutag 4.66.0 (A) TMD finisstssiudeyalifulfund 1998 $1uau
wiuAulvg 11,996 wnn1sal vuawiuRulng 2.0-6.0

laenaea1nn1snsIugIudeya wuingrudeyaunudulnilml Is1vasidennnvu 1wy
= ) & 1y & e a ]

S2LI81909N150UTNINTYARIUAT A.A. 1964-2015 VBULIATTUNRNYIUSIIMAIUKUINGY

d' o L . oA
T98LA0UEYN1Y AOUNAUTEINANLN TeaTaUAqUINUNTENINeaRATAT 14°04'48" N fig
28°01'48" N Uay ap4d9A7 093°49'48" E §ia 099°12'00" E Yunvedeyausufiulmififnesnis
Aae 0.1-8.2 Snimas wagAudnvean1sinuauAulnIRge 0-750 AT 31NN1TTIVTIN
guteyauwnuulm wud Sdeyansvun 46,135 wnn1sal
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(1) FNUIULHUAULAT- VU () UIULHUAUL-ANUEAN

(@) nIUEHuRUl-981) (1) 1R EANAI-T9a (T2 1)

U 3.3. nluansAnudiusvesduudayaunuaulng IRIS Auduysean

3.2. M3UsuLisuansgIunsiausuaulng (Magnitude Conversion)

sdsnnsumsuTsdeyawiuiuln nuimmseawiuiulnuiasaiaazannan
Tauawuiilmldnasrmuanssfudutulssnnveseduiingain Téun

1) ML (Local Magnitude) Aonississuvuiaunufulmiiinludiviosiu (3U 3.6n)
mnusiugnnmninneluinaiifausiuiuln wivinaseielusseznsilnasenlusi
ianugnaevesteayaunuiulmiandesas deudaunuiulniluniieg ML lunsdluseidiy
Lwiuﬁulmt,ﬁaﬁLmﬂzﬁmmL?ﬁamaﬁLﬁmﬁu%qﬂQﬂﬁ%ﬂﬂﬁazﬂuﬁlamiﬂé’q Hutumiles Wou
91A15g¢ Mlalamsurudulmlusseglidiiu 650 Alawns

2) MB (Body-Wave Magnitude) tiatinuduiuluiudazadsaziinaduunulaai
wndsuiiognelulan asnsoudseduielanlfassuuuendulsugii (P-Wave) wazaduni
0l (S-Wave) maifinurufulmusazafinduiiazifinumiousiummmsniusuiulmiaueie
pAwdlelant S1utunsnmatniannnidsvessuauiuAulmdug (U 3.61) lunsta
wHuAUlmsEAuanareAuinanAuaeundgaves P-Wave msinlagldniig MB agdl
AINUYNFABILINATY
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(1) FNUIULHUAULAT- VU () UIULHUAUI-ANNEAN

(@) IUHUAUI-T981T) (9) UIUHUANAI-TI9Ia (T L)

U 3.4. nyluansaudiusvesiuutoyauiuiulng CMT Auduuseingeg

3) MS (Surface-Wave Magnitude) Aepauiitinunvdanaauilelanindeuiiunieia
Tanud Aezlisudanduinlanauun Teeshluvesnisasiataluszsuiilan (slobal scale)
Tumsiarinrduusiuivlmszeglnavdeudiuiulmiifivuinguussaz innmgaeumagaes
aduRalan arwauysalvesdeyaaviinnuanysainindsdeniandulumics MS drudud
anunsainlinagiesndt MB (3U 3.6p)

4) MW (Moment Magnitude) 1un1siauduiulmainlauudunuiulng (seismic
moment) FaduAmnuduiusiianananszeznindousivessesidou fufinnsideus
paenuArdulszanianuudesiuluiud surauiuiulniedadeglifufusiaves
winsdietn feiduriinvesnunauiuiulmiiniian Fdunisinuil wuingusesideuanmed
NFTENUVALHUANIILUU Mw 733U 3.6

agglsAmulumiangud vwawivdulmlussazunasideiudadananauyigiu
uardBnsfuInTiLeneeiu 1wy MW agasataniufinsiuaniasdeusvessosdeu
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Tuwneiininsiaug e MB MS was ML1fuﬂz$mmuwmuﬁuﬁuIMUQWﬂﬂawuqamaﬂﬂﬁu
urtuAulmdausine Wundn feduudastavunausuiulrmgnisalifeatu mnfinnsanan
uﬂmiwm3aaﬁhﬁumﬂﬁwaﬁu fonaldrvunaukufulmiisneiu
UBNAINAAINASAN I8 Kagan waz Knopoff (1980b) wuirlunisasaafavuia
wiuAullaganig umumuiwamuwmlwm%qmuamwaammaqwauauﬂumﬂawﬂﬂmaawmaqua
asavindismualy ( (5U 3.7) 9n2g51991U11051 MB MS Uag ML indpnnadusis Bendn
ﬂﬂiémﬁhmaqékgmwaa%ﬂuﬁazu1m5ﬁﬂzﬁizﬁUﬂWﬁ§mﬁdﬁummﬁwqﬁu(gﬂ 3.8) 19U MS 9edus
fiusvanns 7.0-8.0 3nmed luvadl Mb avdusalouduiulmiioun 6.5 Snmestuld

(n) Fr1uusEUAUlI-vLe () U IUHUALIAI-AUEN
Magnitude Histogram Depth Histogram
800 ! : : : 6000 I !
5000 L
600 - L
4000 - L
2 3
£ 400- L £ 3000 .
= =
= =
2000 - L
200 L
10004 L
04 | 0 L : |
0 2 4 6 8 10 0 200 400 600
Magnitude Depth
(@) IuusaEuRuln-tan®) (1) IuIUBHUAUL-TIIB(T2La)
Time Histogram Hr Histogram
2000 ' ' 700 ' ' '
600 - L
1500 L 500 i
g S 400 L
£ 10004 L £
2 3 300 i
500 i 200 - .
100 | .
0 0- L
1995 2000 2005 2010 -10 0 10 20 30
Time Hr

U 3.5. nuansAuduiusvesd uIutoyauwiuAulng TMD Audiuuseng
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(N) $78UVUIALUU ML () $78UTUIALUY MB

(A) S18UYUIALUY MS (¥) S1YNUVUIALUY MW

3U 3.6. WNUNNUNANYILARINITNTEILMVBIMANTAILHLAULINTUTINLAE 189NN T
A3 InuRuAulLaNa1aiY WUELAY Aa nquseLLdauaENY
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13:39 22:39 31:39
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U 3.7. 5Uuaneig 19N TinAd Ul uAulnIkeundIadAguiuni1ve ulninIeIn T

Yoausatuinle

9||||||

Magnitude

Magnitude Scale
/ M, - Local

M, - Surface Wave

m,, - Shori-Period Body Wave
Mg - Long-Period Body Wave

4 5 6 7 8 9

Moment Magnitude, M

10

5U 3.8. ULansA1ANBNFIvevUInuK AUl giafd1elliais Uiy MW (Kagan waz

Knopoff,1980b)
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fefudeufiasidoyauiudulmluldlunsiesgilunnaads indssnduazdosd
NTUSUBUAMUELIUSTE NIRRT TRTU ALK UAL IR Femuduiusivaniioz
fanuanzuazuanisiuluisiasiud TnsTnsusuifeuduannnideyausuiulmily
fufifnw Adnsmenusuauiuiulnmnnd 1 sesesaielusiasmvgnisel s1aia
nslALduELS Sensirlaruduiusiild arunsduwlamisruauiudulniaiy
awgiuiiinunieatudeyausuifieuniituy wasndmnnisuvasmisruiausuiulm 131
wldigudoyausiuiulmmiffinsnenunesenainvnausiuiulnifisasguuuuiie

ndayansufulmilautuazinissenueiavuinuruaulng Ma MS MB vieuuuy
duuganuduiusiunanieniu lneanuduiusnlatedunnsgiulunsnaziouan
gilanalUidudnylantdanuauns (3.1, 3.2, 3.3, wa 3.4) (93U 3.9-3.12 Usznev)

ANMUFUNUSTZNI9 ML hag MS

MS = 0.1066(ML)? - 0.1447(ML) + 2.7314 (3.1)

- ANMUFUNUSTENING ML way MB

MB = 0.1316(ML)? - 0.4529(ML) + 3.6774 (3.2)

- ANUFUNUTTENING MB hag MW

MW = 0.0757(MS)? - 0.1927(MS) + 4.4547 (3.3)

- ANMUAUNUSIENING MS wag MW

MW = 0.1326(MB)” - 0.4963(MB) + 4.2489 (3.4)

A a ~ A P A | oA A U o € % v o A | =
Sndanilanaglaunfedrnnuiieiiovassnuduiusvesdoyanigiunasi R? &
Yo 1 [ 9 a"a‘ 1 dl Y} 1 1 =3

aunsavenladdanuduiuslafiianuunieas 303U 3.9.-3.12 fdreg1au NFUABIY
] o o e 2 9 a P a & v
Paanuduiusnansadendunislunsldsusinsgiulase ML Taunsaienlainoe
Wasudu MS %159 MB kanINU09IAIAIINU1LT00 8 R2 haLAUI1aUAITAINUALYE ML
YSuasudu MS Janvnfu 0.9262 9110031 MB AU 0.6947 tnsizuasdunaunald
Avonlaswdu MW tu Auduiusues MS way MW fnnuuiiniauinnid



5U 3.9. nnuansAuduRusveIgutayauuAulnIgia ML-MS wWieldlunisusu

MB
O B N W B U A e

wnsgulvieglusunuuifeaiu

MB
'._.--' ®

Wi
°

!.....6..

MB = 0.1316(ML)2- 0.4529(ML) + 3.6774

R? = 0.5436
2 3 a 5 6 7 8
ML

U 3.10. nywluansmnuduiusvesgiudeyaunuiulmviia ML-MB iieldlunsusu

wnsgulieglusuuuuifeliu

a7



MW
8
»
7 e 2
5 '...w
=
S 4
3 MW = 0.0757(M$)%- 0.1927(MS) + 4.4547
R? =0.9262
2
1
0
0 1 2 3 4 5 6 7 8
MS

5U 3.11. nnuansmuduiusvesgudeyausuaulmuiin Ms-Mw iveldlunisusu
wnsgulieglusuuuuimeaiu

MW
8
°
7
6
5
Z
Z 4
3 °
2 MW = 0.1326{MB)2 - 0.4963(MB) + 4.2489
R = 0.6947
1
0
0 1 2 3 4 5 6 7 8
MB

5U 3.12. n9uansmuduiusvesgudeyausuaulmuiia MB-MW witaldlunisusu
wnsgulvieglusunuuimeaiu

48
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3.3. M3dnnguuaznsAadanurunulnIngn (Earthquake Declustering)

Tnedeyausiuiulmittuiinlugudeyausasgiuusznouse 3 Ussian fie wiudulmn
11 (foreshock) wHufAulnIngn (mainshock) wazuruulyaiy (ftershock) Falunis
Ainseiideadftu grudeyafiasiuldasfondonifisauausiudulmndn iesain
W UAULINENLANINWIWAY (stress) ﬁuﬂmﬂmiLUﬁUULLUadﬁiiﬁLLﬂié’mgm (tectonic
activity) Taense uannuAulniiAnannisessunsounsun1siiauiuaulnndn way
uriuAuleaAnaInusseien (strain) Suinunainnssuiumsnsindoufvesiiufivie
sepideuluvinm ioiiaukuiulmindn feduisududesdinisianduuduiulvaiie
Aadenuduiulmndnuazirdauduiulmiiuazuiuiulniniuesn iielwlideya
wiuAulniiuansdgAnssmessdulsdugulnenss

TnowwAniaginnldlunmsdnidendoyausiuiulnvan woefdauiuiulmiuas
uriuAulmeny sudamgnsaiuiufulmiinmenusdeuluiuiitunly Afe wwndnves
Gardner uag Knopoff (1974) FsuwnAniiduiifeslfinniigelutiagsu annsfinueide
iaqluginiaedens JusenedlaniufisUssmalveme

nsAndendeyauruAulnman menisidenidausuaulniiuaswiuiulninueen
MngruteyausuAulmmdn Tneldlusunsu ZMAP (Wiemer, 2001) ddlumsduunivnnse]
wriuAulmndniiuazordennuduiussening auinnuguLsIveILkuAUl SEaENIs
sgwhamgnsaiiuAulmiidne uaztrsnafiietu Tnsfuansogluguveansouresan
(time window) LA¥NTOUYDITLLEN (space window) Feagyinliuienisdanguiuves
AUl azHuRUlIRY

sU 3.13. uansisnsdadenuiuAulmilinegninauelusin s1uidedldndnnis
ARLERNUNUALINULLINIITY Gardner wag Knopoff (1974) Iaeymniinunuaulninen
yuedn fufiruidemefidaanuduiulmiuasuiuiulnausghinfavdenseunqu
‘ﬁuﬁlﬁm wazszaznamiiausuiulmauiuizdy lumaiestutunsfauduiulnm
vwelag) fufiaudomefifennuiuiulmdwesuiuiulmenufiagniiu ssezna
yoansUuiveEuAUlmnufIss Ut Wy I ATl uRansEnuInmadoures
wiudlmiiuifinie deddnatlunsusuliddaumau

INNITHATIFRAUNANVBY Gardner waz Knopoff (1974) fianany MlvigIdeanunse
Fanquuasusuduluale 3,135 nguunufulng (earthquake cluster) F3Usznaudiag
wiudulndwnu 41,272 winmsal Eaidu 89% anwmnisalianun 46,135 iwmnsal) wag
MnuanTeeRina s dusuiulmvdnieiu 4,863 wanisal lnedoyawmnisal
wiudvlianunogluszningd 1964 87 2015 uagruausuAulmiausd 2.0-8.2 Fauandlu
sU 3.13 sl ufulmafiegldiduiunsiuaziedndunquresuiuiulniuas
uiuAnlmauiidesindnoon
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Tirne / [days]
=

—
(]

Distance / [km]

| I* *** I*# ** | |

a 1 2 3 4 5 = 7 g a
Magnitude

sv 3.13. nénnssuunvgnsaiikuAulmiinisssnudifu arldunfavieauniisu
U84 Gardner kag Knopoff (1974) dUdALAIABNTBUTLELNIN LaLLIA1VBANANITA]
wsiudulmfivulag wansalusiudulmifiszogmalnd@ninduduaslunsm
528¥19) WarszznavesmnAnsuAulnAnaely (Bninduduadlunsl
szezan) azderduniufulmnguuiufulm (earthquake cluster) Wieriu

MnNswennguikuAulmvdned giteldthdeyamanisalikiuiuln fadeunas
RIINNTHENNAuLALAUIINAN aFenTvlbansnuduiusTenieTIuLHuALL
avauveg udoyaukufiulyg (Cumulative number of earthquake) wagganiattunsiasy
Fa3U 3.14 Fauandliifiuinneunisuennguusuiulmingn S1uiunduiulmazauves
guteyaaiidwiudeyaiausiuiulmminasuiuiulmauaiiendosdie Jeilidnvue
yosnsllsiidudunsanniin luvaziinsmvesgruteyaiifinisusnnauududiulmudioes
Snwarfirouiradudunsminiu uiidsldfoindudunssauysal iesnenaasiivade
suduiilideyaunuAulmiiaseild SdailidofmgAnssunisssdlulsdugiuegng
wiia3e lnedadudnusznsuilsenaiinanfanssuvesuyud (Man-made Seismicity) &4
whowhmalaneilutuseusdely
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Earthquake catalog (RAW data) Earthquake catalog (after
50000 declustering)
45000
& 40000 6000
£ 35000 5 5000
2 30000 £
2 25000 5 4000
E 20000 2 3000
E 15000 B
< 10000 = 2000
5000 3 1000
0
1960 1980 2000 2020 0
. 1960 1980 2000 2020
Time inyears
Time inyears
Earthquake catalog (after declus g‘l.l 3.14. IuIULHUAL Az EY (N) YUNDU
a v al L3
. AL FUVDUAU 46,135 LsNI1T8d
&man-made seism.) o - v oA
() ﬂﬂLﬁEJﬂLLNu%‘Lﬂ‘VI’J%@ﬂ 1 4,863
4000 v o w
3500 WRNITel wag (A) naIi1TANIS
CIJ a { a o
£ 3000 wHuAulITAnaINNSASEIINURY
2 2500 - «
2 2000 NYwOd 3,781 L¥RNIT
E 1500
=
€ 1000
(]

500

0
1970 1980 1990 2000 2010 2020

Time inyears

3.4, fdauiuAulmitinainnisnszivesuyed (Man-made Seismicity)

Tumsngud dnududulnaideinnszuiunismiessauusdugiu Wy mnusvie
fimnsvasnsiedeuiiveauiuddenian daudunalavdnvesmafaukuiulmduldanse
Wasuulasldesaiuiirulelusserinarsudu fanfusasnisinuiuiulmlngsludis
szozalaitiu 100 U vosprudeyauduiulmisasiisnsnisifediasiiase viedniovils
ynfirsanludduuwuiulmmunamesnsiufinduasasdudunse

agabsimuuuwiuiulmasauandeyandinisdndenuiuaulmmdnidalifiodn
Hudunsiogsauysainugy 3.14v dhusiufulninerdsnaiienassidadesudue fivh
Tidoyausiufulmifinsegilddudslidofmgfnssumisssdul sdaugiuagiauiiads
gutoyauiuiulmanlvgduinldfunansenuingg annseuiunansainvesuyd 1w
naifi/an anrdnsiatauiudulmluniotionsiatn Jsazdwmalifinnsduiindeya
wiuAulIInTw/esas niund (Kanamori, 1981; Habermann wag Wyss, 1984; Wyss,
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1991) msiasundassufouitvdovonuaslunmsuszanadeyammmssiusiufiuln Fevily
A1351891uIUIAREuRYmTuUas uLasluias Uy (Wyss ag Habermann, 1988)
maenaunsiasunladlunthe iansomsinauvesunuruAuln (Habermann, 1987)
WHudu

mﬂ“‘ﬂzyjmﬁuaaﬂm,ﬂﬁlamwaﬁa;gaLszuﬁulmé’uLﬁaammﬂﬂszmumimwi’mﬁuaq
uywdi vl Habermann (1983; 1987) ldiauendnmsiiesiginisUdsuutassngns
asrafanduiulm 2 Tngldaadssnsnisiiaunuiulnly 2 92981 wavduame Z
ANENN1T (2.1) I@smamiﬁwmmzLLamaeﬂugU%amiL‘iJ?isJuLL‘Umé’mwmsLﬁ@Lwiuﬁulm
Tuwsrune uagluwsazdianan 90 U 3.15 L‘T]umamﬁmwﬁ%’azﬂaLwiuﬁulmué’ﬂiuﬁuﬁ
ANWIAULUIAAYDY Habermann (1983, 1987) Tnsuansagluguvasanuduiussyniig
sguzalun1siuiin (Lmuﬁga) wazvunuiuRul (Wnuueu) Ssa1nnsmsuandivanina
MIIATIEReRIINTaTI s AUl luLassuaTiinnnsEsuwsuRulmfifun wu
%’a;gaLLsJuaulmsluﬁuﬁﬁﬂmﬁmsLUﬁauLLané’mwmsmmi’ﬂLLsJuaulmasummasu'Nnm
wiulugel a.a. 1976 inswdsunlassasinisasiatawiudulmlugruduiulmeue <
5.2 FawsuAulmnwialngni 5.2 Snldfnnsasuwlas waneidfanssuuisesiavednis
aratansenTiasziunuRulmiidmansenuresnsnsnsatawsuiulnluged o,
1976 4 wioluraed a.e. 1982, 1996, 1997 way 2009 WumMsLasULUAWBISATINITLAN
wuAulmwn < 3.5 Feendunamnannsdsunlainmsnsatauduiulnnaonta
vunakEuAuln LW %aﬂmU?auLLanmmﬁmadamaﬂ'iwum'amﬁmeﬁwqaﬂﬁums
WakauAulnluganale
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U 3.15. nanTIAsIzAnsAsuLUas RTINS Tanar TuiinuruAulmauunAnves
Habermann (1983; 1987) Tulsazyiaiatnazusazdisauiauduaulnm lag O
LEAAISNIINTNTIVTATRANAS 89U + LERISATINIIATITTATLRLTY NseUALAIFE
PrsnanaztisveuauiufulmAfiIseldlunsiinszingAnssuniaiin
uunllutuneusioly

pgslsfinuanngy 3.15 wanslfifuinludaesendngd a.a. 1977-2014 Hudinng
Wasuwlamwessnsnisasiataunuiulmtdesun Tnefnisasunlasansuduiulmiia
U9 < 3.5 fafinanluludrediy ﬁaﬁ?ul,iﬂmmmﬁmLﬁ@ﬂﬁzﬁ'awaqﬁﬁazﬂaLwiuﬁulmﬁﬁﬁumm
Tngndn 3.5 3nmesluged aa. 1977-2014 Fsfinmsnsiatndnednsniefuetiaseiionn
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Husunuvesnginssumaiauiuiulmld Suflethdoyafidonnuansaudiniusinads
yosiunumsuAUlmazay azwuiddnvasilndfudunsesnniian (U 3.14a)

FamFanasadunszurumanisdadondisnisnsniaukuiulm lunsadfasied
grudeyafindosgsudunauainnsnvsndoyaiaun nsuiumheliduniienie
1ns1053¥Rrunkd Al nieIty n1sidaududulngdug Aladlduduiulnmén
paenIuMsAnLdentraLsudulmAinmrainiidedlewarlifinansenuduiileannain
Aanssumsnnatauduiulnivesuyed §Adeiseyuuingrudeyaildiidugiudoya
wHuRulyg AdevIedsduiusiunginssunisiAnuduiulmuiniian wazaiunsoily
asreisanlsaneg Adedsdnenimdunisiauiuivlmastdarwnainialdednd
arumnegniadlutunousely



undi 4
nswasuulassnsinisiinusuiulng (SEISMICITY RATE CHANGE)

dulilesanauns (2.1) uaggy 2.2 aziuldilumsuseidiumsidsunassngnng
Aaududulmfemaiadl z 4u suduilezdeadonldiudsdase 2 ¢ unldusenau
nsEvILMTIATIEiA Z Faldun anuniisestiananlunisdadendeyausiuiulmimn
Ansresian Z (Tw) uazsudeyaunuivlm (N) fezdadenunldlunisinsizidn Z Tag
neAfelusfnuadinia Tw uazan N du Auandrsfuazmuzauiuludasiud
Anw Fehufteflazssyduysdassivnzania N uaz Tw dmfunisiinsgianuiiaund
o9 Z luiuiingusesidouarned fideldimsdnidenuiufulmiidoun > 6.0 Mw

I 7 wnnsal (JU 4.1 wagan3 4.1) wetnndunsdldnwilunisvageunisinsiei
A1 Z WUUEOUMAY (retrospective test)

A1399 4.1, wiuAulnIvwIn > 6.0 Mw MATUAIN NEusosLAaUaEN18TuYIe 1991-2007
LaEHANINERATIUTETININLAINNTIATIZYIAN Z

d19U  apdge  avhge  MuEn fuAfiewAdl 1Al Mw Zux  Zoae Qouration
(nat.) () (year)

1. 96.0 235 20 05/01/1991  14:57 7.0 23 198774 33

2. 95.7 15.7 15 01/04/1991  03:53 6.0 - - -

3. 97.2 25.2 33 11/01/1994  00: 51 6.1 48 198686 7.2

4. 96.9 18.7 33 15/08/1999  16:18 6.0 51 199350 6.1

5. 97.2 26.7 37 07/06/2000 21:46 6.3 a7 1994.68 5.7

6. 95.7 19.9 16 21/09/2003  18: 16 6.6 - - -

7. 95.8 19.4 33 30/07/2007  22:42 6.4 49 200393 36

VOO Zo VBT AT Z @9aniilasenilaainnisnisussidiuen Z ideuwdas
TULAREYINIAT, Zpse MUNERITUNATIAINUAT Z §98ARINATT 182 Qouration VHNEAT T30

FENIN Zoae WAZIRMARUKN WAL ST TULAAL R N30
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sU 41 unuiindusesidouaznie (Fuiludnniu) uansdiunisgaguinats
wiuAulyndifivue > 6.0 Mw (A@ung) Aduiinlutaed am. 1991-2007 $1uau 7 wmnsel
i thuldu nsdlfnulunsiesieiian Z wnauldsediln munefavanisalusupulmi
A1unsTUIUNSAATIEATaYaRnT MunsruIunsLansluun? 3 dudmivaneangs
sestdounnuiulmiisumuasiiauslag Pailoplee uagA (2009)
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Tunszuauntsneasuluudoundutiu 1uisn1sdassanumnsaluiuiulniiagy
wadltuedn tnsluudaznsdfnwivesngnisaluufulnideng §3delainssien Z 91
wa1eAse lnadeudiuysBasenunnd1aiulugae N = 50-150 winnised lnedlsseevinamng
25 winn138 YaueivaIaniensaneg 0.5-10 U lnutiavesnisivdsussesiiainng 0.5
U danuluanuddell lun1sinsiedial Z lusdasnsdifinwimanisaluiudulm §idedes
a ¢ % a & o a P & ] f
IAgrgenuiaulunaua 100 (5 x 20) NSl FINANITIATIZIAT Z TULUDIAUYDILARY
ﬂiﬁﬁﬁﬂmw’%aL‘ﬁaulﬁuﬁfuaiﬂlﬁﬁqmﬁﬁu AANUIN

I@waqmmmamamaLma]u,m FuRDULINAY mauaaﬂﬁuamaLLmumulmwimmﬂmi
Fuasneiluund 3 mﬂumau‘v]Lﬂmwmmimmaqﬂsmﬂﬂm NTUTIS LN INAGeU
founauvensdifinyifiaznidllaudAnienvanisaiueinsifinwian 1 wnisaluaziidoya
wuAulmneglunseuAnwinazifenanizmanisalusufulmninduiowrnnisaives
ASAIANYINUILINDITUT INATITIATIZIAT Z INNUAIAMURAUNR Z 5971 Z GAGIR!
Fraale Wduiind Z gean 9390381MARA1 Z g9dn wagseeslianannIsiae Al Z g4
flananwaziainsinakuAulRudunsaAne lagNan15INITUATISALUNIAKLIN
[ 1 Va o 2] = d‘ d‘d a a a 1 =} U
aena1 JIelaAndenteuleiiussansamlunisusediuen Z w1 4 Jeuly dsansly
A1519 4.2

[ d'v =l d' d' 1 v v d' (v Y & 1
pdsnAeadantaulviuraulanlawal 4 Houly aawandlunisy 4.2 wandliiiuii
lunsdlvesdeuluil 1 wag 2 B9l8 wnumanisalluail 25 wanisal nseunaiildluns
Useidluan Z 0.5 uag 1.0 U Seiinnsnnatiiaidendeyaunly 150 nil. 38a1u150053aNUAT
AuAnUNG Z nowdaudunulmnuunlddunsdfnwvianun 7 wenisel Tuvaeiteuly
3 wag 4 Baldarurumanisallusall 25 wag 50 wgn1sainseunanldlunisussidiuen Z
2 ¥ fmin1snaaiieidendayaunld 150 nu. a1w1sansiaind1audaUn@ Z neuiin
I\ a A o v & e v A & v | < A A
wiuAulmmhanlhlunsafnulaiies 5 wgnisal Wiy eg1alsiauiieNaznsiaaey
LY} 1 d‘ d‘ 1 d‘d % % b2 d" U %
N13N32A8FIVBIAT Z gegninsianuainieulusine lidnenmludieiy 4 Reuly §3dele
71N15U5E USRS UL UADMSINSIAALEUAULMAM87TA1 Z Tneuseuiiuludanun Taelu
Jeswutuidelaudsiunfnwesnduiiuiiges (gridding) nefvuiniiuiiges 0.5° x 0.5°
(Wosandunisusziliululosdu Falusiuiies 0.5° o aszailulUnaduwinti) ety
wiaznIngos gIdulausziiium Z lnsldRouludwansluniss 4.2 sadeladeyanns
d' 1 a d' 1 gj = o o I3 d' ﬁ'
WasukUatA1 Z naeannnin s LIa1inuAl Z gegn 1ntudsdainduiauiiiionns
v e 2 S I z
N318MI0IA1 Z fandnd Benansuseiiuludanuiveans 4 Reulviu uandugy 4.2
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A15749 4.2, Waulvnisvnedaudaunauiiuiaula 4 Waulvain 100 (5 x 20) Wauly AuUs
AmundgUsenaumedruiungnisallusai, nsourial, Sallnagduau

Do

(3

U

¢ ) e
AN ISNNATINUN AN
nuazdun

AU b

uumgnsadlusal
nseunaildlunsuseidiud Z
$miinsnnaifledondoyaunld
Srunummnsaliinssiunsdifinu

25 wnN15ed
051

150 ny.

7 wign13al

g sallusal
nseunafildlunisuseiiiua Z
$aiinsnanaifleldondoyaunld
Srunumnnisaiinsstunsdlfin

25 wnN15ed
1%

150 n.

7 winn13eld

g sallusal
nseunanfililunsusyiiud 7
$aiinsnnaifierdondeyaunld
Srunumgmsnifinseiunsalfing

25 1RN150d
29

150 nu.

5 WnN130d

Iunmansallusal
nseunaildlunmsuszifiud Z
$aiinsnnaifierdondeyaunld
Srunumnnisaiinsstunsdlfin

50 winn15al
2%

150 nal.

5 wsn13ed

U 4.2 ﬁaLLmuﬁUsszﬁwmLLazﬁuﬁéﬁ’mﬁmLLamLLmﬂflsamﬁwaaﬂejmaaL?{auazmsj
(WEufiudsn) uagduniwosngnsaluiuaulmaléilunsddne (anduns) Tagaingy
LEAPINANIINTEANEFVBIA Z 9nmsvadeuioundumuieulunmmadeufiuanansiu tay
Tunsdivesdeuladt 1 way 2 u nuinszareivesdn Z Tulduaninnuumnaisdoniny
vianmaneesan Z anniinmaoaisitudiine Inesnasuansen Z qqmaamﬁqﬁuﬁﬁﬂm il
iAfeliannsaduuniiuiififian Z ganiwnd (fewsuifisuiuiuiidradss) Ifegredaau
agnslsinlunsalvesdouledt 3 way ¢ duild 7 Avannuanglufiuiidnwwasnuiluung

1 '
=

HunuanaAl Z NgendnunddlerdSeuiisuiuiundiades wazanunsatuildlunisimun

¥ '
A ]

fuildesionafauuiulnlueunanld

mnRersansznitadeuladl 3 way 4 ludsseandoanuin Sudinie 2 deul
FINd1I9TLARINITNTEAEfT IndRBafiuLnYeaT Z ﬁqqaﬂwﬂmﬂﬂa weiideulad 3 du
anusansianuatmuinuninewiawiudulmilngldisanindedeutuieulad 4 8
mnefesrgianseniesnaniinudaufiaund Z ge fuuiudulmiietunuundu Ty
Seuledt 3 Wnardunindeulad 4) Fensnudyanamuiinunivesd Z lussezinansu
FurouAngnisaiukufulmivsslevddentsunsukufulnlussesdu (short-term
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earthquake forecasting) §3deFudanldiloulef 3 Awwanslunisne 4.2 udeuled
winnganlunsuszdivdnnisidsuwlaimisifawiuaulmluiuiingusesidouasnieil

1) MW = 7.0, 9/thau/A 05/01/1991
wouly 1 wouly 2 wouly 3 wouly 4

) MW = 6.0, Ju/thaw/A 01/04/1991
wouly 1 wouly 2 wouly 3 woulw 4

N/A N/A




A) MW = 6.1, 2M/fau/Al 11/01/1994
wouly 1 wouly 2

9) MW = 6.0, 2/thau/U 15/08/1999
wouly 1 wouly 2

wouly 3

wouly 3

woulw 4

woulw 4

60



) MW = 6.3, 2/mau/U 07/06/2000
wouly 1 wouly 2

2) MW = 6.6, 2M/tmau/U 21/09/2003
wouly 1 wouly 2

woulw 3

woulw 3

N/A

woulw 4

woulw 4

N/A
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%) MW = 6.4, 7u/tmau/Al 30/07/2007

wouly 1 wouly 2 woulw 4

5U 4.2. wiuiindusesideuaznie (Eufivdd) uanssanisiiasigiian 7 ludeiudl Taens
Tdeulafiunndnatu 4 Feulvduandunsg 4.2 AfuariihGunansieen Z
i1 drudunanansisdn Z g9 wagandunmneisiuvisagudnansusuulnd
T dunsdidnuluusiazivenisel

4.1. mMsUszsiudaunauludanan (Temporal Retrospective Test)

n&191NN1TIATERERIIN B uLUassAnkEuRulmlwdosdu uagdaden
Soulafmnganfignainduneufinuanlfizouiesuds lutunoud §3deldaszsinng
Wasuudassasnsifauduiulmludanat Guannsdadonuruiulmilndiugadnwm
wnfignsiuan N = 25 wmnsalinfiarsan anduisUsadue Z Tuudazgaam Tw = 2
¥ wazadumsussdiuluyng 14 Fu 5uand 1980 @Rdeyaisunsuiuauysailuauianan
mMaAnusuAulluliasnsdl nansinseinisudsunandanaves Z wandlusy 4.3 @9
nanTingiludanauansliiiuinieldfuds N = 25 manisal uag Tw = 2 3 01
Aszian Z aunsonsiany nmzdevasuiduiulmiidfydeufivsiauduiulnlng
puan luudnangusesidouaznie Taewuviedu 5 990 7 n3difine (519 4.1) 3U 4.3
wansdIUETaNYINI ARk UALIMILAZAY Z 91nn1sUselivainurufulnnsalfne 5
W50l
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fhegatulugy 4.3n nuen Z = 2.3 figeesnsinunfauuandiifiuile 1987.74 uaz
Uszanas 3.3 9 wdsniuiiinuiuiulmaun 7.0 Mw Tungusesidouazneusnummey
wileveadiosunziadluiud 5 unsay 1991 lunsdlvesgy 4.39 deanunsadunaiiiu
Gzhma’lé’?uﬂ 104N158na3048n TN AnkiuAUlmne sz inwuALlIILIR 6.1 Mw
Fleuil 11 unsiau 1994 Tugy 4.3a uansnisanaswessnsInsinuruAuln (Z = 5.1)
Tug2ad) 1993.5-1997.33 wagndsantuinuiuaulmauin 6.0 Mw Ty 15 Fimau 1999
amzRevatuwiuiulmiiansedunmdiuldegrsdaauaind z du wulugas 1989.12,
1992.23 uay 1994.68 (3U 4.39) Aeutfnusiudulmuun 6.3 Mw Tu 7 fquisu 2000 Fain
Useanad 5.7 Ind91na3anun1zllsvasuwiuaulg (53U 4.39) uaza1izlguasy
usiuAUl AnsenugavnefeAianuiiaund Z = 4.9 Ansanulud 2003.93 Uszanw 3.6
U rouflazifnuiuiulmuunn 6.4 Mw Tu 30 nsngieu 2007 (5U 4.39)

) whuAUlA 7.0 Mw, 05/01/1991 ) weuAul 6.1 Mw, 11/01/1994



A) whuAl 6.0 Mw, 15/08/1999

) WHuAUlM 6.4 Mw, 30/07/2007
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9) wHuAUl 6.3 Mw, 07/06/2000

U 4.3. MaAsuLandanan
s uIukEuAulazay (JFuden)
Fourtusaee Z (@1edin) Ussifiud
ngugnaIInIsiiaucuAulng 5
w9n13ed (A17) Aakandlunisng 4.1
A1 Z Iusziduinduniizifevasy
wrufuludulasuauldsela (n)
WHUANLA? 7.0 Mw (@) uruALlN?
6.1 Mw (A) wiuAulnr? 6.0 Mw (1)
LHUAUl®Y 63 Mw lag @)
WALl 6.4 Mw
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lagagunaainn1siasieial Z ludaiadeuanslusy 4.3 nuitniglguasy
uiudulminsanuldlagdndungains 5 wansaluiuiulmiitalfdunsdfnudud
Fr0381559319 afieTanuduaaenuinuniivesdn Z waskafidinwiuiulmlng §
frsnaneglutisUszana 3.3-7.2 U dufudeagdldindenisldfulsdass N = 25 gl
way Tw = 2 U a1 Z Adwialdfduszansamedadsdunmsldidudygimvoning
(precurson) laglanizagadedmiungusesideuasnie UTIMABLNAIIYDIUTELNANL
dmsumsnennsalusufulmlusseznans (intermediate-term earthquake forecasting) &
Jominsnensalusiufulnszeznans waneils mawensaiukuiulminudygunim
AnUnAegluts 1Weu - 10 T Aeuflazifnusiufulmlngjauan

4.2. nsUsziiudeunduludeiud (Spatial Retrospective Test)

iWeuduruindefiovesnisusuifiua Z uaznzRovasuusuiulmiuansegly
sU 4.3 {Adeldesginsznadeiiuiivesd Z wagdaviunuiien Z Tngludunouusniiudi
msfinwazgnuUsdesaaniluninuuin 0.25° x 0.25° wagluusayinualadndenuruiulm
foglndfugadnuininiign 25 mgnnsaluniiaizian Z luidanan wazanszeznaives
amgduasuuiuiulmivssdiulinnmslesgidaaluiunouiouniind wouduaslu
5U 4.3) {AdeldRadend Z vemnaadnwiuasdniunuiidauanslugy 4.4

fegraiulugy d.da Wuunuiidn Z fiTdanan 1987.74 Gernusudinaninnizou
AU (AN Z = 2.3) fwiudaiioaiumiadion Aeudiuseugaguinatsuiuivlmauin 7.0
Mw FAailotud 5 unsrau a.a. 1991 luvdnunoumisvendesiiunziad ndsandy
VBULUAYBIN TR UaIURKUAUIMve1eflUnang Tuesnideanilolndiuiilssugnaun
(Myitkyina) lngilan Z Usesnas 4.8 AsauAgumIae1IUszana 400 Alalnsniuuiingsses
Fouazne (3U 4.4b) FsieanlfiAaukuAulmoun 6.1 Mw iatulufud 11 unsau A,
1994 InalilosBnAunsiangi?

Tutal 1986.32-1987.28 Anannuiiaund Z = 4.7 Ussidiuldlungusesidouiinnasiiy
sEwinsmeumilevemauaziumeiad (5U 4.40) Fauandliiuinduniztevas
wriuAuleskuAulmawa 6.0 Mw MAntulutud 15 Aonau A 1999 fiiatunis
manziusenideddveniieaulneilusy d.ad luvuzifiodtu ngusesidouaznieniney
wilauansdraufinunfives Z gegauseaia 4.7 ludussunn 1994.68 2nduifn
wsiufulon 6.3 Mw lududl 7 Squisy a.. 2000 (U 4.4d) Tu 2003.93 AenuiaUni Z =
4.9 iatuuinalndifesiuidonulneiuastuneiad (U 4.9e) Fannedsuasmuusuiulm
dagmueusuiulinuun 6.4 Mw (U d.4e)

ATIABAAZBITaIAT Z g1 (Funmizlevasuusuduln) diludaiauazitudivil
Usaiiiuldanmsnegaudoundu uwazmsintuvesiuiulmawalngfiiaauan Suduin
mnlddudsdase N = 25 gmisaluas T =2 U 1 Z Agaivedrfyfsnnetevasy
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I Aa P I3 d’l’ PR = a I a [l 1
wiuAul Fadunundeiasiouiuiulmuaivglusuien lnsanignuuuinguses
LAaUAENNY
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A) wHuAul 6.0 Mw, 15/08/1999
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Q) wHuAUlm 6.3 Mw, 07/06/2000
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) whuAul 6.4 Mw, 30/07/2007
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sU 4.4. LLNuﬁ%@Jﬂdmi@HLgauﬁzﬂﬁﬂLLZ‘WN
N19n5¥a18L 9N uTivosA Z 7
Usediulumsinwadsl Tnetasnan
Y89n15AAE0NAT Z ABTa910a77
Uszidiulilusy 3 anBunadaiyn
gudnanausiufvllngiildfiarsan
Tunsdnwiasel (n) urupulm 7.0
Mw () wHuAaulry 6.1 Mw (A)
WR AUl 6.0 Mw (1) wruRulng
6.3 Mw uag (2) wiunulim 6.4 Mw
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4.3. msUsufiunuideaiuiuln (Investigation of Prospective Area)

duiilosnnfuusdassiamgiivngan N = 25 wnnisaiag T = 2 U Aildainnis
Aereisnansadsuulamafnuiuinlnuuuoundy dlesuneluiderounti
fAdelinsesisasnauasundamsinusiuiulmeisen Z fudeyausufulmiituiin
Fangnaufetlagiiu vuasfoiian TnslnnehiBaiuiives Z Turas 2010-2015 Feiins1es
N9 14 Ju lngnaainn1sinsgiwaniainnuiinuniz iiuegedmanin ludianaid
A.A. 2012.83 NUA" Z gean (Z = 8) Tu 2 fufinundusesideuaznis Ae 1) nemoulsues
dleaudndun (Myitkyina) waz 2) wunsesidaulutisszniraiiowunziaduaziiionulaes
(5U 4.5) Kafuraannsifelunisinunadell Jaauefiuiidinan iuiuiidesdifoniadia
unuAulmlvglueuan

sU 4.5 nsnszateideiiuiivesen Z lu
vafiufinounataves
UseimnAngd ATOUARNNRNTDY
douazniy Uszifiulu
nsfnwadaiiutasnad e
2012.83




undl 5
aAUs1euazaguna (DISCUSSION AND CONCLUSION)

5.1. MmagauANguale3Talaaain (Stochastic Test)

MNHaMIIATIEEnsUasuasanmadawiuiulmluuniiuiainmeasy
wudeunduuagmsinseilaglidoyauiufnlmiviuaiofian eUssiiuiiufidesdid
Tomafauiuiulmluewaniu lustasnsusediulia Z Tng Fedalivifusaglilaan
duysal WesnidufissaduimsiIsufouivituiidrafssiviinimvieganisiiud
frafpengals Keduilosediuarindetiovosd Z fdualddu ludunoud 3
datiuinseiuasnaaouina Z fldannsmaaeulunszuiunising duiaudeuseiii
1lpanaudadyviel

Tnslundagiuiidnuilag §idelddunmeidoyauiuiulvaduulndlnenisdu
(random) TnewwaiinfliFunin alaunaadn (Stochastic test) Ihiinunudululunseuiiud
Anvuaziitisnavesnsifnusuiulminierfuiisdeyaiiunlilunisieszia Z 49
Mndeyadaasizidld §3dulfihuniinseia Z a gequdnansusiuiulmfitmnléidy
nsdiAnuilunmanageudoundu Ssarlden Z gegaun 1 A ndsmniununszuaunistiediy
AU 10,000 adauazUszidiud Z gagaléd 100,000 A1 9niudniuingiaraniianiy
yosmsiAnd Z sefusingg (Fullosnangudeyadildannsdy) Fmanmsinneiuansog
Tusy 5.1

naInMTieTgEnuiaasiuvielontavesnninukuiulminuuduiuas
anad \ileen Z ﬁ?ﬁ’?@ﬂ%ﬂ (5 5.1) e i Z fiuszidiuldanuni ¢ dalugjilonalsiifundi
50% flaziinainnszuaumaAnuRuAulmLuguvieAaanautudey Wy aangu 5.1n
HANTIATIEalaLAANUTIAAAUSNaIUHLANIITWIR 7.0 Mw fuintuidle 5 unsau
A.A. 1991 HAMFIATILUITIIAN Z Aduandld Z = 2.3 tuillemaUszuna 45% fiagiin
MnnsideyauiuAulmiiaiengdiduduuuudy dulunsdvosusiuiulmeun 6.0
Mw Anduidle 15 Zamau aa. 1999 (3U 5.1a) vansiasgiuandiifuing 2 = 5.1 4
Uspiduld w gequédnanstuiilentatiosndt 10% deduieagulddinisusediunis
Wasuulasdasnaiausuiulndeisean Z lunsdnwadidanuindedelusziuuin
naNg Lagen Z ﬁlﬁﬂfummWiaﬁmﬂﬁﬁuﬁﬁy@’lmuaﬂmcﬂumitﬁmLLsiuauiwaiwzQMWMLLua
nausesideuAENY ABuUNAsTBsUTEmANS LS
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M) NAADUIDUNAU: hEUAULNI 7.0 Mw, ) NAFBUITBUNTU: WHUAULNAT 6.1 Mw,
05/01/1991 11/01/1994

A) NAABUIBUNAU: WHUAULNI 6.0 Mw, 9) NAADUIBUNAU: WHUAWLNAT 6.3 Mw,
15/08/1999 07/06/2000
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3) naasudeundu: uiufiulng 6.4 Mw, a) Mmilanenandeyatagtu: A1 Z lugas
30/07/2007 a1t f.e. 2012.83

U 5.1. HamsiATzilonavesd Z seusineg Maziinannmainusufulmuuugy o 99
audnanausiuulmeingg Mhsnldlumsmaaeudoundy @uduasmneds i Z 7
Isnnsussidiuan Z Tuundi 4 () wiudnlm 7.0 Mw (@) wkuivln 6.1 Mw (a)
wuAUlng 6.0 Mw (9) wuAul 6.3 Mw (3) wiuAuln 6.4 Mw (2) A1 Z Tutas
nant A.e. 2012.83

5.2. fanssunasiUAnsuHuAul®a (Earthquake Activities and Hazard)
SothuanisUssiduiiufidssiildannsieseien Z (U 4.5) sndieuidieufuwa
nsAnwwarUssduiiuilidesdounidannisiinszidan b annaunisaud-wun
wriufulung Pailoplee (2013) (3U 1.12) Yiaueinin tufivimeuldvefiosudnau
(Myitkyina) wazuuasesidouaznisusnadiioafuniad deaudaes flentadu
wiasiluiuivlmluemaneuiu Saenadosiuegranniunmsineluadd
wonanimnisuiisuiuiidediviauelnsnuideduasdudulae Paloplee
(2013) wuiiuiidesiiduaueli 2 fufdu SngRnssunisiauduAulmiuandeiu T
PMNUANIIANYIVD Pailoplee (in press) Q’%’ammaaa;ﬂwqamimmiLﬁ@Lwiuaulmﬁuaqﬁu’q
2 Hudidedld Femrsne 5.1 ImagﬂufuusuaqwqﬁﬂiimﬂWiLﬁmLLNuﬁulmaﬁu wansoglu 3
sUsUURLAnesy Fo 1) vunausuAulmgage (W,) fannsadetuld luseudiuandedy
2) mMugtatn @) veanninuiuiulmauiaiie fu uay 3) amianduresniaifa
wHUAUI (%) vu1asneq Wefiansanluseu 50 ¥ Tumisns 3.1 fregrauminiiansan
vnankuiulmgsaefiansaiatuldlusey 10 T nudndlessdvAuansafiausuiulm
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I¢igsgaaunn 5.2-5.6 Mw luvaigfidesfumsiad-udne fifalsuszaa 4.8-5.2 Mw ui3olu
nsdlaugtitvenainuiuiulmaue 6 M, WesuBnAuuasiiosiungad-ulaef
LLﬁ@ﬁﬂWUQﬁﬁ%’]‘U@ﬂmiLﬁ@LLBjuauVLVi’J‘lJU’m 6 My, 5-10 Tuag 30-50 U sudady uanani
wnfiasananuiziuvesnmsisuiuaulmauin 8.0 Mw Tudn 50 Ydremih wuindies
vEnAuLazllesiunsiad-lwlneiilonia 10-20% way <10% Aua1sU

FaunanannisnaaauaEn (stochastic test) fafildmaaeululudadenountid
Frefuduimanishnsizdan z fldduillonalduntnfieviineinaaadudey ns
Wisuieuiuanuidelueindsduduiingui (Pailoplee, 2013) Nufidlgnauoludangtn
Hufirnuindeteiisduuwndrlawiuiulmluewan uay Pailoplee (in press) Sefudh
TsesideuazmeluraiesudvnAuniingfnssunisisunuiulmsunsiniisesidougos
Turadlosumeiad-1ulned

1919 5.1. ﬁiﬂWﬂmﬂﬁﬁﬂJﬂﬁﬁLﬂﬂLLNU@UIVT')?ﬂLLUUGﬂQ""] mm’i’]mmlﬂmmm’ﬁaaLaauawma
U WWLLWU\TLN@\TNEJVW’]UW LLE%.ﬁE)EJLa@ua@ﬂiuﬁjqﬂlﬂ@ﬂﬂm% LaEJ L‘LI‘U@IE)'J 621\1
mm%auuasmu’sﬁ]sﬂuam UQ%?W@JI@ﬂWﬁLUULLWa\TﬂWL‘U@LLNUG‘IUVLVVJI‘WQJIIU
au1An (Pailoplee, in press)

npAnssuuKuALlnIgULUUAIeY \WasudnAw Wawiuneiad-luaa?d
1. vuausuAulvageEn (M,,) fawunsafiaduld Tuseufuandnefiu
-54 4.8-5.2 4.4-4.8
-10 1 5.2-5.6 4.8-5.2
-50 1 6.4-7.2 5.6-6.0
-100 U 7.2-7.6 6.4-6.8
2. augiinen @) vasnaiausiuduluiadnen fu
-5 My, <5 5-10
-6 My, 5-10 30-50
-7 My 10-50 200-300
-8 My, 100-300 >1,000
3. araninasdiuvasnsiawiuiulng (%) swadieg WeRarsanluseu 50 U
-5 My, >90 >90
-6 My, >80 50-70
-7 My 50-70 10-20

-8 My 10-20 <10
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N Tw Lon Lat Year Mag Radius Ts Zmax Q-duration
(year) (km) (year) (year)
25 0.5 95.72 19.86 2003.72 6.6 82 2003.05 5.1 0.7
25 0.5 95.74 1575 199125 6.0 149 1989.97 4.2 1.3
25 0.5 95.78 1943 2007.58 6.4 76 2006.54 4.9 1.0
25 0.5 9598 2348 1991.01 7.0 111 1989.51 4.8 1.5
25 0.5 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 0.5 97.15 26.70 200043 6.3 70 1999.06 4.7 1.4
25 0.5 97.22 2520 1994.03 6.1 72 1992.46 4.8 1.6
25 1.0 95.72 19.86 2003.72 6.6 82 1999.40 5.1 4.3
25 1.0 95.74 1575 199125 6.0 149 1989.97 4.2 1.3
25 1.0 95.78 1943 2007.58 6.4 76 2003.93 4.9 3.6
25 1.0 95.98 2348 1991.01 7.0 111 1989.51 4.8 1.5
25 1.0 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 1.0 97.15 26.70 2000.43 6.3 70 1997.91 4.7 25
25 1.0 97.22 2520 1994.03 6.1 72 1992.46 4.8 1.6
25 1.5 95.78 1943 2007.58 6.4 76 2003.93 4.9 3.6
25 1.5 9598 2348 1991.01 7.0 111 1987.74 4.8 3.3
25 1.5 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 1.5 97.15 26.70 200043 6.3 70 1994.68 47 5.7
25 1.5 97.22 2520 1994.03 6.1 72 1992.46 4.8 1.6
25 2.0 95.78 1943 200758 6.4 76 2003.93 49 3.6
25 2.0 95.98 2348 1991.01 7.0 111 1987.74 23 3.3
25 2.0 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 2.0 97.15 26.70 2000.43 6.3 70 1994.68 4.7 5.7
25 20 97.22 2520 1994.03 6.1 72 1986.86 4.8 7.2
25 2.5 95.98 2348 1991.01 7.0 111 1987.74 2.8 3.3
25 25 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 2.5 97.15 26.70 200043 6.3 70 1994.68 4.7 5.7
25 25 97.22 2520 1994.03 6.1 72 1986.86 24 7.2
25 3.0 95.98 2348 1991.01 7.0 111 1987.74 3.3 3.3
25 3.0 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 3.0 97.15 26.70 2000.43 6.3 70 1994.26 2.0 6.2
25 3.0 9722 2520 1994.03 6.1 72 1986.86 2.8 7.2
25 3.5 95.98 2348 1991.01 7.0 111 1986.98 1.1 4.0
25 3.5 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1



ans1enanaulunIsnagaudounau (sa)
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N Tw Lon Lat Year Mag Radius Ts Zmax Q-duration
(year) (km) (year) (year)
25 3.5 97.15 26.70 2000.43 6.3 70 1992.23 1.2 8.2
25 35 97.22 2520 1994.03 6.1 72 1986.86 2.1 7.2
25 4.0 9598 2348 1991.01 7.0 111 1981.11 1.1 9.9
25 4.0 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 4.0 97.15 26.70 2000.43 6.3 70 1992.23 1.6 8.2
25 4.0 9722 2520 1994.03 6.1 72 1986.86 24 7.2
25 45 9598 2348 1991.01 7.0 111 1981.11 0.9 9.9
25 45 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 45 97.15 26.70 2000.43 6.3 70 1992.23 1.9 8.2
25 45 9722 2520 1994.03 6.1 72 1986.52 2.0 75
25 5.0 96.90 18.70 1999.62 6.0 76 1993.50 5.1 6.1
25 5.0 9715 26.70 200043 6.3 70 1992.23 22 8.2
25 5.0 97.22 2520 1994.03 6.1 72 1986.52 1.1 7.5
25 55 96.90 18.70 1999.62 6.0 76 1993.50 5.2 6.1
25 5.5 97.15 26.70 2000.43 6.3 70 1991.77 1.6 8.7
25 55 9722 2520 1994.03 6.1 72 1986.86 1.5 7.2
25 6.0 96.90 18.70 1999.62 6.0 76 1993.50 3.9 6.1
25 6.0 9722 2520 1994.03 6.1 72 1986.86 1.3 7.2
25 6.5 9598 2348 1991.01 7.0 111 1984.18 0.3 6.8
25 6.5 96.90 18.70 1999.62 6.0 76 1993.04 3.1 6.6
25 6.5 97.22 2520 1994.03 6.1 72 1986.86 1.5 7.2
25 7.0 9598 2348 1991.01 7.0 111 1983.68 0.2 7.3
25 7.0 96.90 18.70 1999.62 6.0 76 1992.27 3.3 74
25 7.0 9722 2520 1994.03 6.1 72 1986.86 1.8 7.2
25 7.5 9598 2348 1991.01 7.0 111 1983.14 0.2 7.9
25 75 96.90 18.70 1999.62 6.0 76 1991.88 22 7.7
25 7.5 97.22 2520 1994.03 6.1 72 1985.71 0.8 8.3
25 8.0 96.90 18.70 1999.62 6.0 76 1990.77 24 8.8
25 8.0 97.22 2520 1994.03 6.1 72 1985.71 1.1 8.3
25 8.5 96.90 18.70 199962 6.0 76 1990.77 26 8.8
25 8.5 97.22 2520 1994.03 6.1 72 1984.90 0.6 9.1
25 9.0 9598 2348 1991.01 7.0 111 1981.11 0.1 9.9
25 9.0 96.90 18.70 1999.62 6.0 76 1990.54 1.8 9.1
25 9.0 9722 2520 1994.03 6.1 72 1984.90 0.9 9.1
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25 9.5 9598 2348 1991.01 7.0 111 1981.11 0.4 9.9
25 9.5 96.90 18.70 199962 6.0 76 1990.04 1.5 9.6
50 0.5 95.72 19.86 2003.72 6.6 117 2003.05 6.9 0.7
50 0.5 9574 1575 199125 6.0 232 1990.54 5.9 0.7
50 0.5 95.78 1943 2007.58 6.4 99 2006.54 7.0 1.0
50 0.5 9598 2348 1991.01 7.0 158 1989.51 7.0 1.5
50 0.5 96.90 18.70 1999.62 6.0 110 1998.37 7.1 1.3
50 0.5 97.15 26.70 200043 6.3 96 1998.02 6.8 24
50 0.5 97.22 2520 1994.03 6.1 116 1992.46 6.5 1.6
50 1.0 95.74 1575 199125 6.0 232 1985.02 5.9 6.2
50 1.0 95.78 1943 2007.58 6.4 99 2004.54 7.0 3.0
50 1.0 95.98 2348 1991.01 7.0 158 1981.11 7.0 9.9
50 1.0 96.90 18.70 1999.62 6.0 110 1993.50 7.1 6.1
50 1.0 9715 26.70 200043 6.3 96 1994.68 6.8 5.7
50 1.5 9598 2348 1991.01 7.0 158 1981.11 3.8 9.9
50 1.5 97.15 26.70 200043 6.3 96 1994.68 6.8 5.7
50 1.5 97.22 2520 1994.03 6.1 116 1987.40 3.0 6.6
50 2.0 9598 2348 1991.01 7.0 158 1987.74 24 3.3
50 2.0 97.15 26.70 2000.43 6.3 96 1994.68 6.8 5.7
50 2.0 9722 2520 1994.03 6.1 116 1989.12 1.7 49
50 25 9598 2348 1991.01 7.0 158 1987.74 2.5 3.3
50 25 97.22 2520 1994.03 6.1 116 1988.39 1.7 5.6
50 3.0 95.74 15.75 199125 6.0 232 1988.16 2.2 3.1
50 3.0 9598 2348 1991.01 7.0 158 1987.74 26 3.3
50 3.0 97.22 2520 1994.03 6.1 116 1987.40 1.7 6.6
50 35 95.74 1575 199125 6.0 232 1987.32 1.8 3.9
50 3.5 9598 2348 1991.01 7.0 158 1981.11 1.3 9.9
50 35 9722 2520 1994.03 6.1 116 1987.40 2.3 6.6
50 4.0 95.74 15.75 199125 6.0 232 1987.01 1.9 4.2
50 4.0 9598 2348 1991.01 7.0 158 1981.11 1.5 9.9
50 4.0 97.22 2520 1994.03 6.1 116 1986.86 1.7 7.2
50 4.5 9574 1575 199125 6.0 232 1986.52 2.0 4.7
50 45 9598 2348 1991.01 7.0 158 1981.11 1.7 9.9
50 45 9722 2520 1994.03 6.1 116 1986.71 1.4 7.3
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50 5.0 95.74 15.75 199125 6.0 232 1986.13 1.4 5.1
50 5.0 9722 2520 1994.03 6.1 116 1987.40 1.2 6.6
50 55 95.74 15.75 199125 6.0 232 1985.06 1.2 6.2
50 5.5 97.22 2520 1994.03 6.1 116 1987.40 1.3 6.6
50 6.0 95.74 15.75 199125 6.0 232 1985.02 1.6 6.2
50 6.0 97.22 2520 1994.03 6.1 116 1987.40 1.4 6.6
50 6.5 95.74 15.75 199125 6.0 232 1984.56 1.3 6.7
50 6.5 9722 2520 1994.03 6.1 116 1987.40 1.5 6.6
50 7.0 95.74 15.75 199125 6.0 232 1984.10 0.9 7.2
50 7.0 9722 2520 1994.03 6.1 116 1986.86 1.3 7.2
50 7.5 95.74 15.75 199125 6.0 232 1983.64 0.6 7.6
50 75 97.22 2520 1994.03 6.1 116 1985.94 0.6 8.1
50 8.0 95.74 15.75 199125 6.0 232 1983.02 0.0 8.2
50 8.0 96.90 18.70 199962 6.0 110 1990.77 22 8.8
50 8.5 95.74 15.75 199125 6.0 232 1982.33 0.2 8.9
50 8.5 96.90 18.70 199962 6.0 110 1990.77 22 8.8
50 9.0 9598 2348 1991.01 7.0 158 1981.11 0.4 9.9
50 9.0 96.90 18.70 1999.62 6.0 110 1990.54 1.8 9.1
50 9.5 96.90 18.70 1999.62 6.0 110 1990.04 1.5 9.6
75 0.5 95.72 19.86 2003.72 6.6 148 2003.05 8.1 0.7
75 0.5 95.74 15.75 199125 6.0 265 1990.58 7.9 0.7
75 0.5 95.78 19.43 2007.58 6.4 128 2006.54 8.6 1.0
75 0.5 9598 2348 1991.01 7.0 180 1989.51 8.3 1.5
75 0.5 96.90 18.70 199962 6.0 145 1997.06 8.2 2.6
75 0.5 97.15 26.70 2000.43 6.3 122 1998.02 8.5 24
75 0.5 9722 2520 1994.03 6.1 147 1992.46 7.7 1.6
75 1.0 9598 2348 1991.01 7.0 180 1989.51 3.9 1.5
75 1.0 96.90 18.70 1999.62 6.0 145 1993.50 8.2 6.1
75 1.5 95.74 15.75 199125 6.0 265 1988.16 2.7 3.1
75 1.5 9598 2348 1991.01 7.0 180 1989.32 29 1.7
75 2.0 95.74 15.75 199125 6.0 265 1987.32 2.4 3.9
75 2.0 9598 2348 1991.01 7.0 180 1988.66 26 24
75 25 95.74 15.75 199125 6.0 265 1987.32 2.8 3.9
75 25 9598 2348 1991.01 7.0 180 1987.74 3.0 3.3
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75 3.0 95.74 15.75 199125 6.0 265 1988.16 2.6 3.1
75 3.0 9598 2348 1991.01 7.0 180 1987.74 34 3.3
75 3.5 95.74 15.75 199125 6.0 265 1987.32 2.6 3.9
75 35 9598 2348 1991.01 7.0 180 1987.40 1.9 3.6
75 3.5 97.22 2520 1994.03 6.1 147 1987.40 1.0 6.6
75 4.0 95.74 1575 199125 6.0 265 1987.01 29 42
75 4.0 9598 2348 1991.01 7.0 180 1986.55 1.4 45
75 4.0 9722 2520 1994.03 6.1 147 1986.86 1.0 7.2
75 45 95.74 15.75 199125 6.0 265 1986.52 2.8 4.7
75 45 9598 2348 1991.01 7.0 180 1986.32 1.0 47
75 4.5 97.22 2520 1994.03 6.1 147 1986.71 0.7 7.3
75 5.0 95.74 1575 199125 6.0 265 1986.13 1.9 5.1
75 5.0 9598 2348 1991.01 7.0 180 1985.79 0.7 5.2
75 5.0 9722 2520 1994.03 6.1 147 1985.94 0.8 8.1
75 5.5 95.74 15.75 199125 6.0 265 1985.10 1.2 6.2
75 55 9598 2348 1991.01 7.0 180 1985.33 0.8 5.7
75 5.5 97.22 2520 1994.03 6.1 147 1985.71 0.5 8.3
75 6.0 95.74 1575 199125 6.0 265 1985.02 1.8 6.2
75 6.0 9598 2348 1991.01 7.0 180 1984.94 0.5 6.1
75 6.0 9722 2520 1994.03 6.1 147 1984.94 0.6 9.1
75 6.5 95.74 15.75 199125 6.0 265 1984.67 1.4 6.6
75 6.5 9598 2348 1991.01 7.0 180 1984.37 0.2 6.6
75 7.0 95.74 15.75 199125 6.0 265 1984.10 1.1 7.2
75 7.0 9598 2348 1991.01 7.0 180 1983.68 0.1 7.3
75 7.5 95.74 15.75 199125 6.0 265 1983.64 0.8 7.6
75 75 9598 2348 1991.01 7.0 180 1983.37 0.5 7.6
75 8.0 95.74 15.75 199125 6.0 265 1983.02 0.2 8.2
75 8.0 9598 2348 1991.01 7.0 180 1982.79 0.2 8.2
75 8.5 95.74 15.75 199125 6.0 265 1982.37 04 8.9
75 8.5 9598 2348 1991.01 7.0 180 1982.18 -0.1 8.8
75 9.0 95.74 15.75 199125 6.0 265 1982.18 0.1 9.1
75 9.0 9598 2348 1991.01 7.0 180 1981.80 0.3 9.2
75 9.5 95.74 15.75 199125 6.0 265 1981.61 -0.3 9.6
75 9.5 9598 2348 1991.01 7.0 180 1981.34 0.7 9.7
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100 0.5 95.72 19.86 2003.72 6.6 175 2000.59 8.9 3.1
100 0.5 95.74 15.75 199125 6.0 327 1990.58 8.6 0.7
100 0.5 95.78 1943 2007.58 6.4 152 2006.54 9.6 1.0
100 0.5 95.98 2348 1991.01 7.0 202 1989.55 9.7 1.5
100 0.5 96.90 18.70 1999.62 6.0 190 1997.06 9.7 26
100 0.5 97.15 26.70 200043 6.3 152 1998.02 9.4 24
100 0.5 97.22 2520 1994.03 6.1 177 1992.46 8.4 1.6
100 1.0 9598 2348 1991.01 7.0 202 1989.01 25 2.0
100 1.0 96.90 18.70 1999.62 6.0 190 1993.50 9.7 6.1
100 1.5 9574 1575 199125 6.0 327 1986.52 24 4.7
100 1.5 95.98 2348 1991.01 7.0 202 1987.74 2.7 3.3
100 20 95.74 15.75 199125 6.0 327 1989.12 20 21
100 2.0 95.98 2348 1991.01 7.0 202 1988.66 2.6 24
100 20 97.22 2520 1994.03 6.1 177 1989.51 1.3 4.5
100 25 95.74 15.75 199125 6.0 327 1986.52 1.6 4.7
100 25 9598 2348 1991.01 7.0 202 1988.39 25 26
100 25 97.22 2520 1994.03 6.1 177 1989.01 1.1 5.0
100 3.0 9574 1575 199125 6.0 327 1988.16 1.7 3.1
100 3.0 95.98 2348 1991.01 7.0 202 1987.74 3.1 3.3
100 3.5 95.74 15.75 199125 6.0 327 1986.82 1.4 4.4
100 3.5 95.98 2348 1991.01 7.0 202 1987.40 2.2 3.6
100 3.5 97.22 2520 1994.03 6.1 177 1987.40 1.5 6.6
100 4.0 95.74 15.75 199125 6.0 327 1987.01 1.6 4.2
100 4.0 9598 2348 1991.01 7.0 202 1986.59 1.9 44
100 4.0 97.22 2520 1994.03 6.1 177 1986.86 1.3 7.2
100 45 9574 1575 199125 6.0 327 1986.52 1.9 4.7
100 4.5 95.98 2348 1991.01 7.0 202 1986.32 1.5 4.7
100 45 97.22 2520 1994.03 6.1 177 1986.90 1.0 7.1
100 5.0 95.74 15.75 199125 6.0 327 1986.13 1.4 5.1
100 5.0 95.98 2348 1991.01 7.0 202 1985.79 1.2 5.2
100 5.0 9722 2520 1994.03 6.1 177 1988.89 0.7 5.1
100 5.5 95.98 2348 1991.01 7.0 202 1985.33 1.5 5.7
100 5.5 97.22 2520 1994.03 6.1 177 1988.39 0.7 5.6
100 6.0 9574 1575 199125 6.0 327 1985.13 1.2 6.1
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100 6.0 9598 2348 1991.01 7.0 202 1984.94 1.4 6.1
100 6.0 97.22 2520 1994.03 6.1 177 1987.40 0.6 6.6
100 6.5 95.74 15.75 199125 6.0 327 1984.67 0.5 6.6
100 6.5 95.98 2348 1991.01 7.0 202 1984.37 0.9 6.6
100 6.5 97.22 2520 1994.03 6.1 177 1987.40 1.0 6.6
100 7.0 95.74 1575 199125 6.0 327 1984.10 0.4 7.2
100 7.0 9598 2348 1991.01 7.0 202 1983.95 0.6 7.1
100 7.0 9722 2520 1994.03 6.1 177 1986.86 0.9 7.2
100 7.5 95.74 15.75 199125 6.0 327 1983.64 0.1 7.6
100 75 9598 2348 1991.01 7.0 202 1983.37 0.7 7.6
100 8.0 95.74 15.75 199125 6.0 327 1983.14 -0.5 8.1
100 8.0 9598 2348 1991.01 7.0 202 1982.79 0.3 8.2
100 8.5 95.74 15.75 199125 6.0 327 1982.53 -0.6 8.7
100 8.5 95.98 2348 1991.01 7.0 202 1982.26 0.2 8.8
100 8.5 97.22 2520 1994.03 6.1 177 1985.33 0.4 8.7
100 9.0 95.74 1575 199125 6.0 327 1982.18 -0.9 9.1
100 9.0 9598 2348 1991.01 7.0 202 1981.80 0.3 9.2
100 9.5 95.74 1575 199125 6.0 327 1981.61 -1.0 9.6
100 9.5 9598 2348 1991.01 7.0 202 1981.34 0.6 9.7
125 0.5 9572 19.86 2003.72 6.6 186 2000.59 10.1 3.1
125 0.5 95.74 15.75 199125 6.0 350 1985.13 9.5 6.1
125 0.5 95.78 19.43 2007.58 6.4 171 2006.54 10.8 1.0
125 0.5 9598 2348 1991.01 7.0 209 1989.55 104 1.5
125 0.5 96.90 18.70 1999.62 6.0 221 1997.06 10.7 2.6
125 0.5 97.15 26.70 2000.43 6.3 174 1998.02 10.3 24
125 1.0 9598 2348 1991.01 7.0 209 1989.01 34 2.0
125 1.0 96.90 18.70 1999.62 6.0 221 1993.57 10.8 6.0
125 1.5 9598 2348 1991.01 7.0 209 1989.32 3.3 1.7
125 2.0 9598 2348 1991.01 7.0 209 1988.66 3.7 24
125 25 9598 2348 1991.01 7.0 209 1988.39 3.2 2.6
125 25 97.22 2520 1994.03 6.1 200 1989.01 1.2 5.0
125 3.0 9598 2348 1991.01 7.0 209 1987.74 3.9 3.3
125 3.5 9598 2348 1991.01 7.0 209 1987.40 3.1 3.6
125 4.0 9598 2348 1991.01 7.0 209 1986.59 3.0 4.4
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125 4.5 95.98 2348 1991.01 7.0 209 1986.32 2.7 4.7
125 4.5 97.22 2520 1994.03 6.1 200 1986.90 0.8 71
125 5.0 95.98 2348 1991.01 7.0 209 1985.79 2.3 5.2
125 5.0 97.22 2520 1994.03 6.1 200 1986.52 0.7 7.5
125 5.5 95.98 2348 1991.01 7.0 209 1985.33 2.7 5.7
125 6.0 9598 2348 1991.01 7.0 209 1984.94 27 6.1
125 6.0 97.22 2520 1994.03 6.1 200 1984.94 0.5 9.1
125 6.5 9598 2348 1991.01 7.0 209 1984.37 22 6.6
125 7.0 95.98 2348 1991.01 7.0 209 1983.95 2.1 7.1
125 7.5 9598 2348 1991.01 7.0 209 1983.37 24 7.6
125 8.0 95.98 2348 1991.01 7.0 209 1982.79 1.9 8.2
125 8.0 96.90 18.70 1999.62 6.0 221 1990.27 3.1 9.3
125 8.5 95.98 2348 1991.01 7.0 209 1982.26 1.7 8.8
125 8.5 96.90 18.70 1999.62 6.0 221 1989.78 23 9.8
125 9.0 95.98 2348 1991.01 7.0 209 1981.80 1.6 9.2
125 9.5 9598 2348 1991.01 7.0 209 1981.34 1.7 9.7
150 0.5 95.72 19.86 2003.72 6.6 211 1996.10 11.2 7.6
150 0.5 9574 1575 199125 6.0 385 1985.13 10.6 6.1
150 0.5 95.78 1943 2007.58 6.4 183 2006.84 11.7 0.7
150 0.5 95.98 2348 1991.01 7.0 234 1989.55 11.2 1.5
150 0.5 96.90 18.70 1999.62 6.0 243 1993.57 11.6 6.0
150 0.5 97.15 26.70 2000.43 6.3 184 1998.02 10.6 24
150 1.0 96.90 18.70 1999.62 6.0 243 1993.57 1.7 6.0
150 1.0 97.22 2520 1994.03 6.1 221 1990.20 3.3 3.8
150 1.5 95.98 2348 1991.01 7.0 234 1987.74 3.7 3.3
150 1.5 97.22 2520 1994.03 6.1 221 1989.32 22 4.7
150 2.0 95.98 2348 1991.01 7.0 234 1988.66 4.0 24
150 2.0 97.22 2520 1994.03 6.1 221 1989.32 23 4.7
150 25 95.98 2348 1991.01 7.0 234 1988.39 3.7 26
150 25 97.22 2520 1994.03 6.1 221 1989.01 1.9 5.0
150 3.0 95.98 2348 1991.01 7.0 234 1987.74 4.6 3.3
150 3.5 95.98 2348 1991.01 7.0 234 1987.40 3.5 3.6
150 4.0 95.98 2348 1991.01 7.0 234 1986.90 34 4.1
150 45 9598 2348 1991.01 7.0 234 1986.32 3.1 4.7
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150 5.0 95.98 2348 1991.01 7.0 234 1985.86 25 5.2
150 5.5 95.98 2348 1991.01 7.0 234 1985.40 29 5.6
150 6.0 95.98 2348 1991.01 7.0 234 1984.94 2.7 6.1
150 6.5 95.98 2348 1991.01 7.0 234 1984.37 1.9 6.6
150 7.0 95.98 2348 1991.01 7.0 234 1983.95 2.0 7.1
150 7.5 9598 2348 1991.01 7.0 234 1983.37 1.9 7.6
150 8.0 95.98 2348 1991.01 7.0 234 1982.79 1.5 8.2
150 9.0 9598 2348 1991.01 7.0 234 1981.80 1.0 9.2
150 9.5 95.98 2348 1991.01 7.0 234 1981.34 1.0 9.7
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Abstract: In this study, the seismicity rate changes that can represent an earthquake precursor
were investigated along the Sagaing Fault Zone (SFZ), Central Myanmar using the Z-value
technique. After statistical improvement of the existing seismicity data (the instrumental
earthquake records), by removal of the foreshocks and aftershocks and man-made seismicity
changes and standardization of the reported magnitude scales, 3,574 earthquake events with a
Mw > 4.2 reported during 1977-2015 were found to directly represent the seismotectonic
activities of the SFZ. In order to find the characteristic parameters specifically suitable for the
SFZ, seven known events of My > 6.0 earthquakes were recognized and used for retrospective
tests. As a result, utilizing the conditions of a fixed 25 earthquake events considered (N) and 2
yr time window (Tw), a significantly high Z value was found to precede most of the My > 6.0
earthquakes. Therefore, in order to evaluate the prospective areas of upcoming earthquakes,
these conditions (N = 25 and Ty = 2) were applied with the most up-to-date seismicity data of
2010-2015. The results illustrated that the vicinity of Myitkyina and Naypyidaw (Z = 4.2-5.1)

cities might be subject to strong or major earthquakes in the future.
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Zone; Myanmar
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1 Introduction

Among a number of seismogenic faults delineated in the Mainland Southeast Asia, the
Sagaing Fault Zone (SFZ; Curray, 2005), striking North to South along the central Myanmar, is
one of the hazardous earthquake faults (Fig. 1). Tectonically, the SFZ was interpreted as the
India-Sundaland plate boundary (Curray, 2005). Based on remote sensing interpretation, the
SFZ is up to 1,400 km long and passes through a number of major cities in Myanmar, such as
Myitkyina, Mandalay, Naypyidaw, Bago and Rangoon. As a result, these cities have suffered
from earthquake damage since the ancient period (Thawbita, 1976). Based on the records of
eight major earthquakes with a My, > 7.0 posed along the SFZ during 1906—1967 (blue circles in
Fig. 1; Kundu and Gahalaut, 2012), not only did Myanmar experience earthquake intensities at
level IX but also Thailand, in particular in the northern, western and central parts of Thailand,
was subject to the intensity level V of the Modified Mercalli intensity scale (Pailoplee, 2012).
Therefore, this led us to recognize the impact of the SFZ to both Myanmar and Thailand.

Due to the limited accessibility to the SFZ in the past, most of the previous research
investigating the SFZ has involved various remote sensing techniques (Vigny et al., 2003; Htwe
and WenBin, 2009; Kundu and Gahalaut, 2012). In addition, due to the available seismicity data
from the earthquake catalogues, the seismic activities have been investigated spatially
(Pailoplee, in press) based on the frequency-magnitude distribution model (FMD; Gutenberg
and Richter, 1944). The activities were expressed in terms of the (i) maximum credible
earthquake, (ii) return period and (iii) probability of occurrence, in an individual time span and
earthquake magnitude of interest. According to the different seismic activity levels, the SFZ was
segmented into three parts; (1) Myitkyina-Northern Mandalay, (i1) Mandalay-Bago and (iii)
Offshore Andaman Sea. Moreover, according to the FMD b-values, Pailoplee (2013) proposed
two specific areas might be subject to forthcoming earthquakes: (i) southern Myitkyina and (ii)
the Naypyidaw-Mandalay segment. However, up to the present time (2015), both these areas are
still quiescent.

The emergence of a reliable precursory seismic quiescence before a hazardous
earthquake event has been reported (Wyss and Habermann, 1988; Wyss and Martirosyan, 1998;
Wiemer and Wyss, 1994; Katsumata and Kasahara, 1999; Tiampo and Shcherbakov, 2012), and
the use of statistical seismological methods has contributed to such investigations on quiescence,
such as the Z value (Habermann, 1983), B-value (Matthews and Reasenberg, 1988) and region-
time-length algorithm (Huang et al., 2001). Compared with the other approaches, Z-value
analysis is an effective method that is capable of clearly detecting the precursory seismic

quiescence that occurs before hazardous earthquakes (Murru, 1999; Chouliaras and Stavrakakis,
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2001; Rudolf-Navarro et al., 2010; Katsumata, 2011; Kawamura, 2014). This study aimed to
validate the use of Z values to find the quiescence episodes before seven known hazardous
earthquakes (Mw > 6.0) that occurred along the SFZ, and then based on the derived condition of
Z-value evaluation, to determine the prospective areas of upcoming earthquakes along the SFZ
using the most up-to-date seismicity data. The results should be useful for constraining the
prospective areas of the forthcoming earthquakes previously proposed along the SFZ by b-value
investigation (Pailoplee, 2013).

2 Dataset and completeness

The main database used in this study was the seismicity data recorded instrumentally
within a 300 km boundary of the SFZ (Fig. 1). The initial dataset was derived from the three
available earthquake catalogues, namely (i) Global Centroid Moment Tensor, (ii) the
International Seismological Centre, and (ii1) US National Earthquake Information Center. Since
the SFZ is defined as the inland seismogenic or shallow crustal fault (Bird 2003), then
earthquake data with a focal depth of > 50 km (defined as the subducting slab of the Sumatra-
Andaman Subduction Zone) were excluded.

Based on the existing earthquake data, the earthquake events reporting more than a
magnitude scale, i.e., moment magnitude (My), body-wave magnitude (my), surface-wave
magnitude (Ms), were collected. As a result, there are 145 data reported simultaneously My, and
mp and 42 events reported in both My and Ms. These data were,therefore, calibrated empirically
and contribute the My-mp and Mw-Ms relationships as illustrated in Figs. 2a and 2b. In order to
homogenize the reported scales of earthquake magnitudes, earthquakes recorded in my and Mg
were converted to the My scale.

Conceptually, Gardner and Knopoff (1974)’s assumption clusters the earthquake data by
using the fixed time and space windows varying as a function of the mainshock magnitude.
Whenever the cluster of earthquakes can be defined, the largest earthquake in each cluster is
assumed as the mainshock meanwhile the others are defined as foreshocks and aftershocks.
Therefore, in order to extract the foreshocks and aftershocks, which bias the seismotectonic
activities, the assumption of Gardner and Knopoft (1974) was utilized in this study. As a result,
there are 3,135 clusters of 41,270 dependent earthquakes being defined and 4,863 events as the
mainshocks.

In order to avoid the artificial seismicity (i.e. man-made changes) that could bias the
seismotectonically changes recognized in this investigation, the assumption of GENAS

(Habermann, 1983) was employed using the ZMAP software (Wiemer, 2001). Based on the
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GENAS algorithm, the seismicity rate at the individual recording time and magnitude band were
compared and the significant changes of seismicity were identified throughout both magnitude
range and recording time span of the data. As a result, it revealed that the dataset with a My, >
3.5 recorded during 1977-2015 was not subject to such artifacts, as shown by the straight line of
the cumulative number of earthquakes with My, > 3.5 (Fig. 2¢). Moreover, in order to check the
magnitude of completeness (Mc), which is the minimum magnitude level that can be reported
completely by the existing seismic recording station, the entire magnitude range (EMR) method
of Woessner and Wiemer (2005) was employed. Theoretically, the EMR method uses a
maximum-likelihood estimator for model that consists of two parts, i.e., the complete and the
incomplete portion of the FMD which providing a comprehensive seismicity model. Based on
the EMR method, the Mc of the bulk seismicity data was estimated at around 4.2. Therefore, the
remaining 3,574 earthquakes with a My > 4.2 recorded during 1977-2015 formed the

completeness dataset used in this Z-value investigation.

3 Retrospective test of the Z value

In order to find out and constrain the seismic quiescence along the SFZ derived by the
FMD b-value analysis (Pailoplee, 2013), the alternative method of Z value analysis was applied
in this study, as expressed numerically in Eq. (1) (Wiemer and Wyss, 1994);

7 — Bog Rw
2
(58, 5% 0
v Nog Nw

where Z is the significance of seismicity rate changes. The parameters Rw and Ryg mean average
rate of seismicity data generated within and before the considered time window (Tw). The terms
Sw and Syg denote the standard deviation of Ry and Ry, respectively, while Ny and Npg are the
corresponding number of earthquakes.

With respect to the seismological meaning, the numerical sign (+ or —) of the Z value
implies the quiescence and activation stage, respectively, of the seismicity compared with the
background rate in any location and time span of interest. Based on Eq. (1), it is noticeable that
in an individual Z-value investigation, the number of considered earthquakes (N) and time span
of window recognized (Tw) are varied. If both N and Tw can be defined as a constant for the Z-
value investigation along the SFZ, they can eventually contribute to forecast the upcoming

earthquake in future circumstances.
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In order to specify the effective constant N and Tw values for detecting the precursory Z
value, seven available earthquakes with My, > 6.0 (red squares in Fig. 1b and Table 1) were used
for retrospective testing. In each retrospective case (Table 1), the parameter N was varied from
25-150 earthquakes with a 25 event interval, while Ty was varied from 1-15 yr with a 0.5-yr
interval. Therefore, a total of 180 (6 x 30) conditions were tested iteratively in each earthquake

case study.

3.1 Temporal investigation

For the temporal investigation the N earthquake events closest to the epicenter of each of
the seven recognized earthquake case studies were considered. Then, the Z values were
estimated systematically for each time window (Tw) moving forward 14 d at a time from 1980
(start of the available completeness dataset) to the occurrence time of the respective earthquake.
Overall, the iterative tests revealed that using N = 25 events and Tw = 2 yr was the best
condition and found the significant seismic quiescence prior to the following earthquake in 6/7
of the earthquake case studies (Table 1). The cumulative number of earthquakes and Z values
evaluated at the epicenters of these six earthquakes are shown in Fig. 3.

For instance in Fig. 3a, an anomalous quiescence with a maximum Z value (Zmax) of
~2.3 began at about 1987.74 and had a duration (Qpuration) of ~3.3 yr before the My-7.0
earthquake in northern Mandalay on January 5%, 1991. For the earthquake shown in Fig. 3b,
there was a relatively short time span of seismicity rate decrease before the My-6.1 earthquake
posed on January 11%, 1994 (Qpuration = 7.2 yr). In Fig. 3c, the decreased seismicity rate (Zmax of
5.1) was found at 1993.5-1997.33 followed by the My-6.0 earthquake on August 15", 1999
(Qpuration = 6.1 yr). Another prominent quiescence started from late 1989.12, 1992.23 and
1994.68 (Fig. 3d) before the My-6.3 earthquake on June 7", 2000, which was 5.7 yr after the
quiescence was detected (Fig. 3d). In case of the My-6.6 earthquake posed on September 211,
2003 (Fig. 3e), temporal variation of Z values illustrate an obvious high of Z (Zmax = 5.1) at
1992.78, around 11 yr before the Myw-6.6 earthquake was generated. The final quiescence was
detected retrospectively from an anomalous Zmax value of 4.9 in 2003.93, some 3.6 yr before the
6.4-My, earthquake on July 30", 2007 (Fig. 3f).

In order to constrain the reliability of the utilized parameters N = 25 km and Ty = 2 yr,
temporal variations of the Z value of the My-6.0 earthquake recorded in August 15®, 1999 were
investigated additionally using the nearby parameters of N = 20-30 km and Ty = 1.5-2.5 yr (Fig.
4). Based on the research work demonstrated previously by Huang (2005), the correlation

coefficient of each comparison between the utilized parameters (i.e., N = 25 km and Tw = 2 yr)
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and varied parameters were estimated. As shown in Table 2, the correlation coefficients are in
the range of 0.951-0.988 imply that the selected parameters are reliable and the seismic
quiescence detected in this study is not according to the artifact of parameter selection.

Based on the temporal Z values obtained in Fig. 3, it was noticeable that there were some
prominent stages of quiescence related to the subsequent earthquake in that area. Though the
time span between the quiescence and the subsequent hazardous earthquake varied (Qpuration =
3.3-10.9 yr), they were within a range of decade and so when using N = 25 events and Tw =2 yr
the calculated Z value is likely to still be fairly effective for intermediate-term earthquake

forecasting in the SFZ.

3.2 Spatial investigation

In order to constrain the existing quiescence stages (Fig. 3), the spatial distribution of the
Z value was also evaluated and mapped. The study area was gridded by nodes of 0.25°x 0.25°
spacing. In each grid node, a circle is drawn and its radius is extended until the 25 closest
earthquake data were taken. In this study, only the node with a radius smaller than 100 km was
considered and the Z value rate was measured temporally at the defined nodes. Based on the
quiescence time evaluated in the temporal investigation (red strip in Fig. 3), the values of Z at
Zpate slice in every grid node were selected and contoured, as shown in Fig. 5.

For instance in Fig. 5a, to better reveal the quiescence area on the Z map, the onset time
at 1987.74 was sliced. The map shows only one clearly identified quiescence region with a Z
value of 2.3 surrounding the epicenter of the My-7.0 main shock posed in January 5%, 1991 in
the vicinity of northern Mandalay. Thereafter, this quiescence extended northeastwards to the
Myitkyina with a Z value of ~4.8 and covers more than 400 km along the SFZ (Fig. 5b),
conforming to the epicentral location of the subsequent My-6.1 earthquake in January 11, 1994
near to Myitkyina.

During 1986.32-1987.28 an anomalous Zmax = 4.7 was evident along the fault segment
between Northern Bago and Mandalay (Fig. 5¢), which clearly indicated the quiescence areas
for the August 15", 1999 main shock (6.0-My) in the southeastern part of Naypyidaw. In Fig.
5d, the northern SFZ quiescence anomaly beginning at around 1994.68 with a Zmax of ~4.7 was
consistent with the My-6.3 earthquake initiated on June 7, 2000 (Fig. 5d). Meanwhile in Fig.
Se, an anomalous Zmax = 5.1 locates in the southwestern part of of Naypyidaw in 1992.78.
Around 11 yr later, the earthquake with 6.6 My posed in September 21" 2003 at the

northernmost part of the mentioned anomalous Z value. In 2003.93, the Zmax of 4.9 anomoly
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was evident in the vicinity of Napyldaw and Mandalay (Fig. 5f), followed by the strong
earthquakes with My, 6.4 (Fig. 5f).

According to both the temporal and spatial consistency between the comparatively high
Z values (i.e., seismic quiescence) and the corresponding earthquake, the use of N = 25 events
and Tyw = 2 yr allows the obtained high Z values to reliably indicate the seismic quiescence with
a reasonable accuracy to locate the prospective areas of the upcoming earthquake sources along

the SFZ.

4 Present-day investigation

Using the suitable parameters N = 25 events and Tw = 2 yr derived in the previous
section, the present-day situation of Z was also determined using the most up-to-date earthquake
dataset. The spatial distribution of Z was, therefore, calculated during 2010-2015 with a
stepping interval of 14 d. The last time slice showing clearly the Z anomalies was defined as
2012.83 with a Zmax of up to 4.2-5.1 at (i) southern Myitkyina and (ii) the segment between
Mandalay and Naypyidaw (Fig. 6a). For the southern Myitkyina segment, there were some
anomalies delineated in the northwestern part, whereas the anomalies extend eastwards in the
Mandalay-Naypyidaw segment.

In comparison with the previous FMD b-value map (Pailoplee, 2013), it reveals that both
areas showing the comparatively high of Z value (Z = 4.2-5.1) conform to the areas illustrating
the relatively low of b value (b = 0.6-0.7) mentioned by Pailoplee (2003). Seismotectonically,
the lower values of b, the higher tectonic stress accumulated. Meanwhile as described above, the
higher value of Z, the more quiescence of the seismic activities which normally follow by the
large earthquakes. In addition regarding to the earthquake activities, Pailoplee (in press) reveals
that the possible maximum earthquake might be posed in 50 yr in the segment of (i) southern
Myitkyina and (i1) the Mandalay-Naypyidaw segment were around 6.4-7.0 My, and 5.6-6.0 My,
respectively. Therefore, it implies that both segments showing high Z and low b of (i) southern
Myitkyina and (ii) the Mandalay-Naypyidaw segment (Fig. 6) are the prospective earthquake

sources of the upcoming strong-to-major earthquakes.

5 Conclusion

In order to investigate the precursory seismic quiescence prior to the occurrence of
strong-to-major earthquakes, the significance of seismicity rate changes was investigated in
terms of the Z value along the SFZ. After improving the available earthquake dataset, the 3,574
earthquakes with a My, of > 4.2 reported during 1977-2015 were defined as the completeness
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earthquake catalogue and were used in this seismicity investigation. In order to find out the
suitable values for the parameters N and Ty for this Z-value investigation along the SFZ, seven
known strong-to-major earthquakes (Mw > 6.0) were tested iteratively with a variety of paired N
and Ty values. According to iterative tests, the use of N =25 and Tw = 2 could clearly define a
significant high Z value (quiescence) before the subsequent earthquake in 6/7 of the studied
cases. For instance, temporal variations revealed a significant high Zmax = 5.1 that coincided
with the occurrence of the Mw-6.0 earthquake in 1999, 6 yr after the quiescent period (Fig. 3c¢).
In addition, the spatial distribution showed anomalous high Zwmax values around the epicenters of
the My-6.3 earthquake since 1994.68 (Fig. 5d). This successful correlation of the precursory
seismic quiescence and the subsequent earthquake in the same area implied that the Z-value
parameters of N = 25 and Tw = 2 yr could be used to detect the current day precursory seismic
quiescence along the SFZ.

For the investigation of the present-day 2010-2015 seismicity data, the spatial
distribution of Z values in the specific 2012.83 time slices suggested that an earthquake might
occur soon in the two SFZ segments of southern Myitkyina and Mandalay-Naypyidaw where
the Z value is high comparing with the other region. This agrees well with the low-b areas those
proposed previously by the FMD b-value (Pailoplee, 2013). Therefore, effective mitigation
plans should be contributed urgently, in particular for Naypyidaw, the new capital city of

Myanmar.
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Figure Captions

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Map showing the north-south direction SFZ (black line) strikes bisecting Myanmar.
The other fault lines are illustrated in grey lines. (a) Blue circles represent the eight
earthquakes with a My > 7.0 posed during 1906-1967, as complied by Kundu and
Gahalaut (2012). (b) Red squares denote the earthquakes with My > 6.0 used for
demonstrating the Z test (Table 1). White circles are the completeness earthquake data
utilized in this study.

The magnitude scale relationships between (a) My-mp and (b) Myw-Ms calibrated
empirically from the earthquake data available in the study area. (c) Cumulative
number of earthquakes after declustering dependent earthquakes and screening for
man-made seismicity. White circles are the strong-to-major earthquakes selected for
the retrospective test of the Z value (see also Table 1). (d) FMD plots of the
earthquake data after catalogue improvement. The symbols triangles and squares
denote the number and cumulative number of each magnitude, respectively.
Meanwhile, grey line is the best fit between the observed earthquake data (squares)
and the synthetic FMD evaluated from Woessner and Wiemer (2005)’s assumption.
Temporal variation of the cumulative number of earthquakes (black line) overlaid by
the Z value (grey line) evaluated at the epicenter of six strong earthquakes (star). The
Z value that was defined as the significant stage of quiescence is highlighted by a
transparent strip.

Temporal variation of the Z value (grey line) at the epicenter of the Muw-6.0,
earthquake (August 15™, 1999) calculated from different parameter N and Tiy.
Correlation coefficient based on the comparison between selected parameters (i.e., N
= 25 events, Tw = 2 yr) and the other varied parameters was summarized in Table 2.

Map of the SFZ showing the spatial distribution of the Z values evaluated in this
study. The time slice of each map that is highlighted in Fig. 3. Red and blue colors
represent high and low Z values that imply the quiescence and activation stages in the
seismicity rate, respectively. White stars indicate the epicenters of major earthquakes
considered in this study.

Spatial distributions of (a) the present-day Z value evaluated in this study in the
2012.83 time slices. (b) The precursory FMD b-value estimated from the complete
data recorded during 1980-2010 (Pailoplee, 2013).



Figure 1

Fig. 1.



Figure 2

Fig. 2.



Figure 3

Fig. 3.



Figure 4

a) N=25events, T=2 yr b) N=20events, T =2 yr c)N=30events, T=2 yr

d)yN=25events, T=15yr e)N=25events, T=2.5yr
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Table 1

Table 1. List of earthquakes with My > 6.0 posed along the SFZ during 1991-2007 and some

statistical results obtained from the Z-value investigations.

No. Longitude Latitude Depth Date Time Mw Zmax® Zpat®  Qburation®
(°N) ("E) (km)  (d/mly) (h: (AD.) (y)
min)

1. 96.0 23.5 20 05/01/1991 14: 57 7.0 2.3 1987.74 33

2. 95.7 15.7 15 01/04/1991 03:53 6.0 - - -

3. 97.2 25.2 33 11/01/1994  00: 51 6.1 4.8 1986.86 7.2

4. 96.9 18.7 33 15/08/1999 16: 18 6.0 5.1  1993.50 6.1

5. 97.2 26.7 37 07/06/2000 21: 46 6.3 4.7 1994.68 5.7

6. 95.7 19.9 16 21/09/2003 18: 16 6.6 5.1 1992.78 10.94
7. 95.8 19.4 33 30/07/2007 22:42 6.4 49  2003.93 3.6

aZmax and PZpate represent the maximum value and date of Z occurrence at each epicenter of the

earthquake, respectively. “Qpuration denotes the time span between the Zpate and the subsequent

earthquake occurrence.



Table 2

Table 2. Correlation coefficients of the Z values of the My-6.0 earthquake compared between

different parameters of N and T.

Case A N=25km, T=2yr
Case B N =20 km N =30 km T=1S5yr T=2S5yr
Correlation A and B 0.988 0.987 0.951 0.954
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