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Seismic waves generated by a nuclear test carried out by North Korea on October 9, 2006
were observed throughout the Japanese islands. Clear arrivals of Pn waves, which traveled
below the Moho discontinuity underneath the Japan Sea, were recorded by the Japanese
broad-band seismic network, F-net, deployed by National Research Institute for Earth
Science and Disaster Prevention (NIED). We analyzed the waveforms of the nuclear event
observed at F-net stations as well as some global seismic stations in East Asia. Apparent
path-average velocity of Pn waves and their maximum amplitudes are estimated from verti-
cal component seismograms of the F-net stations. We found conspicuous regional variations
of apparent path-average velocity and maximum amplitude. For example, fast apparent ve-
locity and larger amplitude are observed in the paths across the Japan basin in the northern
Japan Sea, whereas slow velocity as well as relatively smaller amplitudes are found in the
path to stations in Kyushu. Such regional variability of Pn waves is likely to make it difficult
to estimate source parameters for this small-scale explosive event in the Korean Peninsula,
only using the Japanese seismic network. These results suggest the necessity of a precise
three-dimensional seismic model of the Japan Sea to utilize Japanese seismic network data
for analysis of regional seismic waves that propagate along a variety of paths in the Japan
Sea.

I. IL®HIC

2006 4F 10 H 9 H, Jt#IfHEEBICB N TRERNERS Nz KERICKDEHREL T
HEH /N TH > 72720, EBREBOBEIETIE, ZOREIRERICED & O UIERLEITX
DM OHBINEH LN THo M, 20, KEBFICE>T, KKH OB E O A
W EN, BEBRPEMS N ENFRIICEMT SN TWS (Kim and Richards, 2007).
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ZDIFERIT K HMBRGIIEASHOMBEICE > TIHASNTWVS, HAFIEIZE KOV
BN SHAIETEAN—TBMBIZLN > THBO, FLEREFHED LBAENZENS, O
KB K BWRLET, HAFIEE2BICEM I N TH A HIEEHENE TOHRICREEI N TN S,

B OMITIC K DBF/NT A—=FIZDNTIE, HADOKSRT (JMA, 2006a,b) Z1Z U,
KEHEFI A (US Geological Survey: USGS) el iErIRL IR 1E K 8HE (Comprehensive
Nuclear-Test-Ban Treaty Organization: CTBTO) ODEET—4 t >4 — (International Data
Centre: IDC) FICKDHMENRIN TS, BFRREICHH LT —2ICL> T, BEI/INT A—
HOWEMITLPOLS5DEEHZHOD, ERFEY7ZF 21— K (mb) THXZ 4.2 #ifk,
BOHN AL LRSS O E M (T2 o) JEEEfhHE EHEES N TN S,

—MRESEERTIE, TNT KEMSETH 10 F0 MU EORB L2 HDNZ N, 5H
DEBFEOLDIT, TNT KEHYET 0.5~1.0 FO b FREO/NFR S EBRRA O nEEMEICD
NWTIE, TRV DD TEmN/REIN TS (Kim and Richards, 2007; Kvaerna et
al., 2007; Che et al., 2007). H/z, ZORFERICKDHIEIIL, OO0 55 < BEN/KE

JEB T ORI EENN (USArray) O THiES$1 TS5 (Ammon and Lay, 2007).

AIFETIE, B KBRS R > THAREICBRH SN T2 Am Bt E S EE (F-net)
TIRRAGNEEERICEL DG E, B OHITEO KENICIET % IRIS (Incorporated
Research Institutions for Seismology) Bl DIIERLERICDNT, N5 DI DR 2= L
T5., SOICHAFSTHASNZ PIEHOIEE L, ThonoiE SN HARE T OME
FHIME S ORIRIZDNTHERZITD.

I. JEEAERERIC K 5L ER

Fig. 1 IZAWWERICH W Z8H SO E &, CTBTO/IDC IZX 5B OO EZRL TV,
%7z, CTBTO/IDC Dftl, USGS kURETHHE L T HLHIZEIT 5/85 A —4 % Table
1IZRY. ABZETIE, CTBTOADC IZ X2 EHF/INT A—4 Z2FIHT 5.

F-net B AITINA, JROHNITEWREENHOBIHI A MDJ (FE - #:FHL Mudanjiang) &
CVINCN (#tE - {2)1] Inchon) THIAISNZEIED &0, BRIEAEICT Oy b LKL
% Fig.2 (GhHERLZY) KU Fig.3 CREPEEL) 1R T. 05 OXPOEET, EUEERE ST I
IASP91 (Kennett and Engdahl, 1991) 22 SH#E@ U7z Pni%, Pgi%, SniiK&Ur Sgif (BiZIF,

Origin Time Latitude Longitude mb
CTBTO/IDC 2006/10/09/01:35:27.6 41.3119 129.0189 4.1
USGS 2006/10/09/01:35:27.8 41.294 129.134 4.2
JMA 2006/10/09/01:35 41.2 129.2 4.9

Table 1 List of parameters of the nuclear test in the north-eastern region of North Korea reported by
CTBTO/IDC (International Data Centre of Comprehensive Test Ban Treaty Organization), USGS
(US Geological Survey) and JMA (Japan Meteorological Agency). [modified from Kvaerna et al.
(200M)]
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Fig. 1. Locations of F-net broad-band seismic stations deployed by NIED are plotted as triangles, and
IRIS stations in China (MDJ) and South Korea (INCN) as squares. The star is the epicenter deter-
mined by CTBTO/IDC. White triangles represent the F-net stations at which clear Pn-wave arrivals
are observed.

Aki & Richards, 2002) OMGERTH 2. N5 OEBIE, 8IS N/HEHIFIC, 2~8Hz
DN RINZAT 4 I)VE —ZnT b O & BRIFEEHICERL Tnb,

KEND 2 5 MDJ KO INCN) OfEERICIE, =20 PIRMHARSNS. Zhsidsnsh
ERMEE FO LR~ > MVEEHRT 2 S P (Pn) &, KEMZBNEZ@EEL TS ZEE P
K (P 1TH%T 5. Pgikid/E VN KREHRANEETI, H#kiE i TH R ERIRETHBE NS
2, WROBVEER TIIES T TEBETERVEY, HAREZEATERLN S OB
600km L\ FEEN TV 2 HASIE TIEBRIT 5 2 LIETE a0,

HAF SO F-net BHAIMTIE, HAWOMIRE FO L~ > MVNEZE#E L TE 7z Pnign
IEWEIFIZIE D BRIES N TS, FRIT SIN A& <, BAR/S PIZOHIE) IV AN GER TE /2 F-
net BHBIHICDONTIE, Figl KWBWTHWEMATRLTWS, BOLNS OB E WS (K
12, FEBUIEEE 1200km D) TIE, #EIO 7 o1 XH AR ERD, FFICKEHEMOWEES D
B 0o B LS D AL K OB OB T3/ A Rl B N TN S 20, HERICKS -
b7 A AOFREIRETH S, PniAHBRICER S N2 T X TOBBMICBNT, Sk
MEEAEBPINTOARY (MM RRIEL RN ZEnS, BEREOEETHS T
ERAEGITHRTE 5.

Fig.3 IR UKy (RFERR ) ORLERTIE, BRI 800km fREE T, —H D&M
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Fig. 2. Seismic records (vertical component) of the North Korean nuclear test recorded by broad-band
seismograph stations in East Asia, including IRIS stations; MDdJ in China and INCN in South
Korea, and F-net stations (NIED) in Japan. The abscissa is the distance from the epicenter re-
ported by CTBTO/IDC, and the ordinate the elapsed time after the initiation of the event. The seis-
mograms are band-pass filtered with a frequency range between 2 and 8 Hz. Solid lines represent
the theoretical travel times for Pn, Pg, Sn and Sg phases calculated from the IASP91 model.
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Fig. 3. Same as Fig. 2, but for horizontal EW component.
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RIZBWT, DINRIRERDS ST (Snig) ITHUT DT oA ADHRTED, HFHNRE
FUEBROSGG, BRMSFHEETHIMEBIRIE, @I PEOATHDN, HOHED OIS

GREBETORELIC X2 HE, ISITBRICLIEEMEOTNORREICLD, Mgk Sik
HRETDHIENDD. FHIT, BOM D QAT KENEEOEMES (MDJ U INCN) T
I, SRIE - KRR O RITT, WS/ SHATER TE 3.

REILFETIE, HAMEOEFELLER & O, PniEBHBICELER S 1172 Frnet BIHIR D
i SHEE SN2 AT OFEHE S ERIRIEO ST DONTERT S,

m. BRAMELELEOLER

L EEAL SR T DR EBR O B.O M E DT, W BT EIR E D T Wi Td 5 A,
2002 £ 4 H 16 H (UTC) 12, GEIOA N> b EFHTFRBEED A7 —) (mb4.6) @ HAME

(a) nuclear explosion: MDdJ statlon (370 km)
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Fig. 4. Three-component seismograms recorded at the MDJ station in north-eastern China for (a) nu-
clear-test event on October 9, 2006, and (b) a natural earthquake on April 16, 2002. Epicentral dis-
tances are 370km and 441km, respectively. The seismograms are band-pass filtered with a frequency
range between 2 and 8 Hz.



44 HEE N

N, JBOHOREFE AR T0km OHAIZBNWTHEL TWS (5T, 2006b). Fig. 4 IZ MDJ
TEASNAEFERBIUBRMED 3 kD 2 Rd,

EEBICK 2L (Fig. 4 (@) TIE, P (PnlEBXY Pgik) ORENKEL, S
& PIRICHANRTDROWITTH S, L, BIRTHEET S SIRIT/NE WA, KEXEZ LR
5 Lginidd ui%. F7z, vertical LT radial st DRFfE 120~140 BIZHWNWT, KkEE
HZEEETZL 1) -, (Rg HHMRTDHIEMNTES.

EARME DR (Fig. 4 (b)) TIE, PniE PgiRiZHART, BHERIREZEFED Sk (Lgik)
MBS N, BREERSIZAS NTRR MBI GSND 2 ENG15.

2B, LglI KM TIX—BMICEBIE N2, TR I<SICARARLSRS. 20X
DIMEEN S, HARMH IR~ O B AR M oSG 2D 2 &0, H<he S
NTWD (G4, 1958).

IV. F-net D%EBRRETE &, ([GEERIEOLE

Fig.2 MU Fig. 3 ICA5NSE DI, Fnet BBERO—ETIX, BHR/R PniEnglillcnTn
%, INSOEMBDOS B, BLHIN S ITFTHER (930~940km) 12H D, 7D, BLNS5D
T EIe 5 4 D ORI HBIT B LM% Fig. 5 1TRT.

BRIEAZIZIFE U TH 2, #1810 PnHOBERLICRE KRR, SHFTck D K& < Bz
TWBZENHLNTH D (RIBOHMEN, IMG &M 3 BHMRETRAES I EITER). £
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Fig. 5. Vertical component seismograms recorded by four F-net stations (IMG in south-western
Hokkaido, TGA in Shiga, ISI in Tokushima, STM in Nagasaki) located at nearly the same epicentral
distance (930 - 940 km) with a variety of azimuth from the epicenter. Note that amplitudes of the
bottom three panels are magnified compared to the top. The seismograms are band-pass filtered with
a frequency range between 4 and 8 Hz.
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T, INS PEOME - IRIEO R DORKENBHAETNRD=0, Pnikd BT ORiRES
R OB KIBEOSMAICDONT, DUF Tl matd 5.

1. BN ORGEFEERESR

ZZTIEMBHEOLY, PniEORERA T EEBREH AN S, HNTOEBEFEEEEE v=A/
TELTREHD, 25 Z2EBEICEMTLZH0% Fig. 6 ITRd. SRIOKERTIE, 1t
HRED S N E TILH/R IS T PniE s HRICEHIISNTE D, AARBOFFIREEZIN—-T5
KO IRPARA DS N T NS, Pn i OREERFLI AW T E 72 RUEARITH S 2 W O P13
FEDSEEIIHK) 7.58km/s &725. Fig. 6 TIZ ZOFHEEN S OB ZRL TW 5.,

BODSFEHINGIE L - Pnifld, HABRZ®EBL, JtEmB~ a5 s cE s n
TW5%, HAMZPREE FIX, EIH 9km OMEEMEHREEE S7/2> TH D (Sato et al.,
2004), ZOFEEEME L 7z PnildmEEORE ZRL TV,

—75, RIS NMED DR, SRR S SO~ KRR Mg A e U, N~ i E
WA OBRIRICEIET 5. R, AR ORI AR (BROKEEM) DE T2 lifd
S IMNMGPEE T, MOMEIZ T, Pnigd BT OSEEHENEE IES /RS, 2hb

-1 0 1
apparent path-average velocity perturbation (%)

Fig. 6. Ray paths with perturbations of apparent path-average velocity of the first arrival Pn waves.
Reference velocity of apparent path-average velocity is 7.58 km/s.
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D DRRIR/SEND S, WIS HGEN 2 88T 5B O8N Pnif O RINT O E
WCRESHEEZGZTWDZENHERITES.

F7z, HARMEH RGO RANHE G~ KA 2 8 9 2 kI © 72 AT OIS,
MIROHIBHEN R 5N D, KT, KFHED 52 O O ALFRIEHEIZ 3313 % HiE O/ 3134 22km
(Kurashimo et al., 1996) &720, FEAOMWRIBICHNTHIRRNELS, It Ol % i
T2 —HRDUHRTH SN D JNT OVITHE OREE R S HRL TWa EEBbhs. Ihs
DD S B, HERHT O ILIE T E T 28 U CREEMTEE S N2 32T JIZ #
W) ORANTOFEEEEIMLHE & /25 812DV TIE, HAFSOEWEIMME#ZE (1
40km f2JE) ICXD2EEDBRENWEEZEZ SN, 2L, [H4OBO PnikRER L O HHME
WIIRERBRADEENTHBY, ERBOKEOMPITITEEZET 5.

2. BRKXiRESH

Fig. 712, #FBHRICBT 2EMOKRKIRIEONKZ, BHABECEIT L TORY. Bk
DEFETHZIEMNS, BLMNSD PEROHKHNGY — 2 RFEELHNTHLEEZDE, ER
MO DOHMIT K DERRIREDENE, T, BIHME T OIS, B OENICKDE

Max. amplitude of Pn wave [log(A) (nm)]

Fig. 7. Variations of maximum amplitude of the first arrival Pn waves in a log-scale observed at F-net
stations. Broken semi-circles indicate equidistance from the epicenter.
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BERMTEHDEEZOND. ZIZTIE, PniEOEMERIC 2~9Hz D/N R)SZX T 1 )5 —
B, TOLANO—T ORKIREOMEEZ, BRSFECERL TV, £k, BLO5D
FHEE 600~1200km £ TOLHEEM S Z, WHROKEHTRLTWS, 22T, SElSEOH
BETO VAR ZAMIEZTT TW52, BHAMEEO Y1 MEEICD W TIEREZE L Thizn,

Fig T ICR5ND L DI, £< OEMI&HT, ZBPEEE 800~1100km DHFIFHNIZALE L T 5
ﬁ,%ﬁ#%@ﬁﬁtmbf,%@mﬁﬁ&@ﬁ%étéﬁmﬁﬁﬁ%é.%K@b@%N%%
E OB A (RruE~ SUNIEED TN, BOOFERNTALE T D B deEE~diedess) 2
BT, FHHECHEED S TIRES—HLL LRELS K> TND.

1RO S AN OWAROREE (B 2SR IUERS B AOHARD T, EIK 15km Ot
% HOXEER (Kim et al,, 1994) 252 ORI OHEREEE RN L, HRLICHIRSEL 7221
BT 20T L, LS AN OERRETIE, JES 10km PU T O ME @S %
HOHAWZ Z @S 5.

REBROBHFEENLEHTH D LRETIUE, BIEN S OHAIKET S P il OIRIE R

. PR IE T OMEZL BICERAIROZE(L) OB HDEEZ SN, ZHICK
0, PniROBEKRIREN ML EZL LSS 2 &DY, Fig. T B REBINS.

ZOfich, BESNIREOREITHELZ 5 A SHERE LTI, SOHLEIEEOHERT TO K
HWEICE D RN ORES, BRICBI2EBRAKOIEEESEZS5NS. PniEOIRIE
BH ORERMRO 2011, moERTE S 5D 23R, HABE FO 3 KT
iEZ2E B L7 L TOREBIClETY I a2l —2 a itk 2BmifbpnEEEbn 5.

V. £ &8

AW T, HEBROBOMOLEIITEE (~1100km %) IMET D, AABIUHETY Y
T QIR ER S TR S NI BRI EMBIL, HARE F2EKRL TERERICEST S
HECIRIEO RN S, HAW T OHEAIEEDZEMA L E OEICDONWTHEREITo 2.

Table 1 IZ/RT K DI, FEIOEEBRDOERE/NT A —F OHEEM, FIIIX/ZF 21— KD
TIE, BWEICE> TREREEDENHD. ZHUL, FEOA X2 NOBBEIVNE L, iz,
1RO 2T FAE & S /BB FER T, SHEBEAFIA L TW 2B — & 00 EIC
RERBIZSDENH DI ENERELTEZHNS.

HASSIE, SOtopEn SElE T, BRASRAELHMOK 4 5D 1 2H/)N—LTW
5Lk, dbiEEN S SN ET, AW TSR PniEai@iflcnTnsg, LaLl, Bz
FERLERITIE, ERGREE O BT K D HIEENEEICR SN, TNDVE OIS OB O ERER
BEZEEICIL TWE Z EIZEDRN.

LT IR EBRIE O S, AARBOZHIKE T 28T 5 Pnili DT, e
OHIRIEZE BT DHENH D, HAAHHE T@#ﬁmskmﬁF%L%rw#ZTmT@é_
EMRSIRMEI NS, FFIT, HAFIE TRisk S N/ B aLEZE W CTHIEE B IC BT 2 BIRM
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EPTORRZIEMICIRD 27201013, T ORHP ORER E7225 HAHE T O 3 RIThIARHIHEE
DHBETEEBTDZIENBETHAD.

BEE AR TIE, BREVEHMIFTTHT O F-net JA 80 107 & O IRIS-GSN #1HI{E D
LR ERHSECHE E L £, EHERASARBIYEZHES E L. L TEEW
LETY.
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