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International Monitoring System (IMS), using four technologies — seismic, hydroacoustic, infrasound and radionuclide.
While awaiting entry-into-force, the IMS is operating in test mode yet, even now, monitoring data have potential use
among the scientist for the social welfare means. Contribution to the earthquake hazard and related earthquake engineering
determinations is a big development and knowledge expansion of the one of the cited technology i.e. seismic. In this
direction Indonesian region bounded by 14°S—10°N and 93—141°E, which is one of the most seismically Trans-Asian and
Circum-Pacific belts type active plate regions of the world where large to great earthquakes have occurred during the past
hundred years have been considered. Nineteen years recent earthquake data from June 13, 1999 to July 10, 2017 have
been taken from International Monitoring System (IMS) Network setup by Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO), Vienna Austria. These data analyses shows that earthquake occurrences agrees with the
Gumbel’s Type I extreme distribution function and has been applied to analyses those maximum magnitude data with a
satisfactory degree of correlation (0.96). The earthquake hazard that existed in Indonesian region been quantified in terms
of recurrence periods and probabilities of occurrence of earthquake of any given magnitude. This investigation indicates
that the most probable largest annual earthquakes are close to 6.0. Also, most probable earthquake that may occur in an
interval of 50 years is estimated as 6.8. Other medium to large size earthquakes which are expected to occur in this region
has been predicted that may help in engineering investigations at particular site and decision making problems if planning

to develop certain region for infrastructural activities.

INTRODUCTION

The International Monitoring System (IMS) uses four
monitoring technologies as seismic, hydroacoustic,
infrasound and radionuclide monitoring technologies are
capable of detecting evidence of nuclear explosions
underground, in water (ocean) and in the atmosphere. In
order to monitor compliance with the Comprehensive
Nuclear-Test-Ban Treaty, these verification
technologies, together with the data, technologies and
products of the International Data Centre, have potential
civil and scientific applications. This can provide
significant benefits to States and the international
scientific community [1]. For example, highly sensitive
hydrophone arrays and seismic T-phase stations installed
in the oceans have observed an increasing number of
icebergs breaking off the Antarctic ice shelves and
sliding on icy or rocky surfaces. This occurrence is
indication of global warming. Further, submarine
volcanoes, earthquakes and underwater explosions are
also recognized and positioned, paying to a better
appreciative of hydroacoustic wave propagation.

In the case of infrasound technology, the sensitive
IMS infrasound arrays and the improved processing
system have been developed at the IDC and various
NDCs. These provide a unique tool to detect, locate and
characterizes natural atmospheric phenomena on a global
scale. Hence, could be used for atmospheric transport
modeling.

The IMS radionuclide network also provides a new
level of sensitivity and coverage through the worldwide,
quasi-continuous, low level data it can deliver on levels

of natural or artificial radioisotopes. For example, natural
radioisotopes originating from the crust and from the
upper atmospheric layers may provide clues on the
vertical mixing and interaction of air masses on a global
scale, of possible interest to global warming
investigations. Continuous radionuclide monitoring at
very low detection thresholds will allow detection and
tracking of accidental releases. This will help emergency
preparedness efforts in detection, modelling and decision
support by providing predicted deposition rates.

The seismic network of IMS is very exhaustive and
important one. Here, the Reviewed Event Bulletin
(REB), which the PTS has been providing to the
International Seismological Centre (ISC) since 2000, has
contributed significantly to evaluations of earthquake
magnitudes. To strengthen the collaboration between ISC
and PTS for mutual benefits, ISC provide continuous
data to IDC with access to its collected data from 2000
stations distributed over worldwide. Not only this IMS
make it possible to enhance access to waveforms and
phase data help to scientific community to improve 3-D
topographies of the earth. This may allow to scientists to
better understand the earth’s internal structure. The
combination of IMS seismic and infrasound data could
be used for deep studies of solid earth and atmosphere for
the prediction of impact of seismic hazard assessments in
some areas of the globe for large earthquakes. Therefore
we can say that IMS, IDC and OSI (On Site Inspection)
are three main pillars of the of the verification regime.
However, an OSI can be appealed only after entry into
force of the CTBT.
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Figure 1: Seismicity map of the considered region using data recorded by (IMS) from 1999 to 2017

But, during the verification regime, the IMS
technologies with its collected data have contributed a lot
for civil and scientific applications beyond nuclear test
detection, like tsunami warning, ocean discoveries [2],
fisheries and seismic hazard assessment and earthquake
forecasting. In the present study, contributions to the
earthquake hazard and related earthquake engineering
determinations have been taken for Indonesian region.

STUDY REGION AND SEISMICITY DATA

To understand an earthquake phenomenon and its
associated risk in a region, a good database is important.
We have used a very precisely located dataset taken by
the International Monitoring System (IMS). Study
investigates 19-years earthquake data from June 13, 1999
to July 10, 2017, with M > 2.0 for the considered region
bounded by —14°S—-10°N and 93-141°E (Figure 1) taken
from International Monitoring System (IMS) Network
setup by Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO), Vienna Austria; which ensures a
more reliable analysis.

METHODOLOGY AND FORMULATION OF ANALYSES

Gumbel’s [3] formulated the extreme value theory
have been used. Because, Gumbel’s Type I, which uses
extreme value statistics, need only part of the data (the
largest earthquakes); when compared with methods
requiring the whole data set, which is rarely completely
reported. Therefore, CTBTO, IMS Network data is used
because it represent a continuous and complete set of
annual maximum magnitude events and is very useful for
this purpose. The results are potentially useful and can be
used to determine a variety of statistics including average
recurrence periods of annual maximum magnitude
earthquakes, probabilistic seismic hazard assessment in
the region. Results are informative for seismic threat and
related earthquake engineering determinations; usually
require estimation of return periods or probabilities of
exceedance of specific levels of design load criteria or
extremal safety conditions.

RESULT AND DISCUSSION

Some important and useful analyses of the results
have been summarized here in the form of tables (1 & 2).
The results are potentially useful and can be used to
determine a variety of statistics including average recur-
rence periods of annual maximum magnitude earth-
quakes, probabilistic seismic hazard assessment in the
region

Table 1. Estimated Gumbel’s Parameters o. and f§

Statistics Value
Slope(-B) -4.95
B 4.95
Intercept(In(a)) 29.69
a 7837962254587.30

Table 2: Design earthquake Recurrence Period
with 89 % probability

Mag. (m) Return Period (years) Recurrence Period (years)
5.5 0.09 0.19
6.0 1.01 2.23
6.5 31.66 69.88
7.0 142.59 314.76
7.5 1694.27 3739.72
8.0 20130.83 44434.29
8.5 239188.67 527955.16

The histories of maximum earthquake magnitude
recorded by IMS networks have been taken for quanti-
fying the earthquake hazard (Table 1 & 2) for the consi-
dered region. The statistics have been used to forecast,
with any given confidence, recurrence periods in the
considered region for earthquake of any given magni-
tude. Practical advantages of extreme value methods are
well known.

Extreme values of a seismological variant are usually
better known than the smaller events in a time series of
data. The detailed knowledge of the parent distribution is
not compulsory because the distribution of extremes
depend on common asymptotic properties of the rare
events in the tail of possible distributions of the variant.
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KEPCLIKIHYJIEP KAYIIIIH BATAJTAYBIHJA XMK KEJIICIHIH
JEPEKTEPIH ABAMATTBIK K9HE I'blJIBIMU KOJIJAHY
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D Pypku Yuoicman mexnonozuansix uncmumymot, Yuoicman
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TepT TEXHOJIOTUSICHIH — CEHCMHKAJIBIK, THAPOAKYCTHKAIBIK, HH(OPAJBIOBICTHIK JKOHE PAJUOHYKIMATIK — KOJIAAHATHIH
Xanbikapanslk MoHUTOpHHT Xkyiteci (XMIXK) SICKTII kyuiiHe eHyiH KyTy/ie TECTUIIK PeXKUMIHJE KYMBIC iCTeN KeJei,
OipakTa Kasip/ie MOHHUTOPHHTIHIH JCpEeKTepiH FaIbIMIap SJICYMETTI MaKCaThIHAa TMalialaHyFa MyMKiH. ATanraH Oip
TEXHOJIOTUSIIAP/IBIH — CEHCMUKAIBIK — KEePCUTKIHYIepIiH KayilliH aHBIKTaybIHA )KOHE HHXCHEPITIK CEHCMOIIOTHIFA Yiect
30p, OLTIMAI TaMBITATHIH JKOHE KEHEUTEeTiH O0JbIN TaObanel. OCHI TYPFBIa MaKalaaa, COHFBI XKY3 JKbUIA KATTHI )KOHE
eTe KaTThl JKepCinKiHydep OoxraH, A3uiA-THHBIKMYXHT Oenmeyi MeH [OHTeNleK THIHBIKMYXHUTTIK OeleyiHig
ceficMUKanbIK €H OeliceHNi aiMaKTapbiHBIH Oipi Oombim  TaObuiaTeiH, —14°0.e.—10°c.e. xoHe 93°-141°m1.0.
KOOPJMHATTapbIMEH INEKTEJETiH, MHIOHE3MSUIBIK ayMFbl KapacTblpbulaabl. Tamgay ymiiH COHFBI 19 KbUIIapbIHBIH,
1999 k. 13 mayceimuan 2017 . 10 wingere neiiin, SInponblk chiHAayNapFa Kammaid ThIMBIM Cally Typasbl IIAPThIHBIH
yitbiMbiMeH, Bena, ABCTpHs, OpHaThUIFaH XallbIKapalblK MOHHUTOPHUHII kyieciHiH (XMX) xkepciikiHynep Typasbl
nepekrepi ampiaFad. OcChl IepeKTepi Tajmaybl xKepcinkinynep maiina 6omysr ['ym6Gens ¢ynknusacsimen (I tuminmeri
AKCTpeMallb MOHJIEPi Tapally) YHJIECETiHIH )KoHe KOPPENAIUSIHBIH KaHaFaTTaHABIPAThH AopexeciMer (0,96) MakcuMaib
aMIDTUTYAAchIMEH JEPeKTep i TanjayblHa >KapaMIbUILIFBIH KOPCeTKeH. MHIOHE3UAIBIK aliMarbl YIIiH KePCiIKiHYyIiH
Kayilli MarHUTYJJaHBIH OepiireH MoHAEpiH/e KalTalaHy oHe Maiiaa 601y BIKTUMAIIBIFEl PETIHIE CaH/Ibl AHBIKTAJIFAH.
Ochl 3epTTey €H BIKTUMaJ ©Te KaTThl JKbUICAHBIHFBI JKEPCUIKIHYJEep MarHuTyaacsl OolbiHmA 6,0 >KakplH OOJYBIH
KepceTkeH. 50 >KbUT ayKbIMBIHAA 00JTybl MYMKIH ©T€ KaTThl )KEPCUIKIHYIiH MarHutyaacel 6,8 perinae 6arananasl. Ocsl
aliMakra KyTyre OoyaThlH Oacka — OpTa >XOHE KaTThl — JKepCUIKiHyiepi Oenriyni Oip ydackenepie HWHXXEHEPIK
i37eHicTepiHze XoHe Oenrii Oip aliMakTa HHPPaKypHUIBIMIIBI XK00anay mpoOieMachiH MIeHTyiHe aiansl 601y MyMKiH.
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I'PAXKIAHCKOE U HAYYHOE IPUMEHEHHUE JAHHBIX CETU MCM
B OHEHKE OITACHOCTH 3EMJIETPAAICEHUU

D Ilanxep J., 2 Amun C.M., ¥ Cunrx M.

D Hnouitckuii uncmumym mexuonozuu 6 Pypxu, Hnous
2 Opzanuszayus no /lozo6opy o éceobvemniowem sanpewenuu a0epusix ucnvimanuil, Bena, Ascmpus
3 Yuueepcumem zanzomuac, bonvwaa Houoa, Huous

MexaynaponHast cuctema MoHuTopuHra (MCM), WuCHONB3yIOmAs YeTHIpe TEXHOJIOTHH — CEeHCMHYECKYIO,
THIPOAKyCTHIECKYI0, HHPPA3BYKOBYIO M PAaIHOHYKIUAHYIO, — B OKUIAHUH BCTyrwieHus B cwry JIB35IU pabortaer B
TECTOBOM PEKHME, HO JaKe ceifuac JaHHbIC MOHUTOPHHTA MOTYT OBITh MCIIOJIb30BaHbI YUEHBIMH B COI[HATBHBIX LIEIAX.
Bxnan onHOM M3 yHOMSHYTBIX TEXHOJIOTMM — CEHCMUYECKOM, B OIpPENEICHHE ONACHOCTU 3EMIIETPSICEHUH U B
HUH)KEHEPHYIO CEHCMOJIOTHIO ABJISIETCS OTPOMHBIM, Pa3BUBAIOLIUM U PACHIMPSIIOIIUM 3HaHUs. B TaHHOM acnekTe B cTaThe
paccMaTpuBaeTCs UHAOHE3UNHCKUI PETHOH, OrpaHMYeHHBIN KoopauHaTtamu —14°10.m1.—10°c.m1. 1 93°-141°B.11., KOTOPBIiA
SIBIIICTCA OJHUM U3 CaMbIX CeliCMHUYEeCKHM aKTUBHBIX PErMOHOB A3MAaTCKO-THXOOKEaHCKOro IMosca M KPyroBoro THXO-
OKEaHCKOTO0 I0sca, TJe B MOCIEeIHUE CTO JIET BOHUKAIN CUJIbHbBIE U CUJIbHEHIINE 3eMIIeTpsiceHUs. [l aHaIu3a B3SThI
JTaHHbIE 0 3eMJIeTpsiceHusX 3a mocneanue 19 ner ot 13 urons 1999 r. no 10 urons1 2017 rr. mo cett MCM, ycTaHOBIIEHHOM
Opranuszanueil o JloroBopy o BceoObEMIIIOIIEM 3alpelleHnH sACPHBIX UCTbITaHuH, BeHa, ABCTpHs. AHalM3 3TUX
JTAHHBIX TOKa3aJl, YTO BO3HHKHOBEHHE 3€MIICTPACCHMH coryacyercs: ¢ pyHkuueil ['ymOens (pacmpeneneHue sKcTpe-
MaJIbHbIX 3HAYCHUH THMa-I) ¥ IPUMEHNMO K aHalHM3y JAHHBIX ¢ MaKCHMalbHOM MarHUTYJOH C yJOBJIETBOPHTEIHHOH
crernerpto koppemsinuu (0,96). OnacHOCTh 3eMIIETpSICEHHs UI1 MHIOHE3UHCKOTO PErroHa OblIa onpesesieHa KOaudec-
TBEHHO KaK MOBTOPAEMOCTb W BEPOSITHOCTh MX BOSHUKHOBCHHMS IIPU 33JaHHBIX 3HAUCHUAX MArHUTYABL [laHHOE Hccie-
JIOBaHME TO0Ka3ajlo, 9TO HanOoyiee BEpPOSTHBIC CHIBHEHINE €KETOJHbIC 3eMIICTPSICEHHs ONU3KHU 10 MarHutyne k 6,0.
MaranTtyna Hanbonee BEpOATHOTO CHIIBHEHINIETO 3€MJICTPSICEHHS, KOTOPOE MOXET NMPOM30HTH B mMHTepBane 50 e,
oneHuBaercd kak 6,8. [lpyrue — cpefHue U CUIbHbBIE 3eMIIETPSICEHUs], — KOTOPhIE MOXHO OXKUAATh B JAHHOM PErHoHe,
MOTyT OBITH IIOJIE3HBIMU Ipu HHXXCHCPHBIX H3BICKAHUAX Ha ONPCACICHHBIX YYaCTKaX W B PCIICHUHN npo6neM
TUIAHUPOBAHUS HHPPACTPYKTYPbI B ONPE/ICIIEHHOM PErHOHE.
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