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Figure 12. P=Sspectral amplitude ratios of the earthquake recordBn&l) g, (b) Pn=Sn (c) Pg=Lg, and (d)Pg=Sn TheP=Sspectral
amplitude ratios increase with frequency.

which does not take account of the amplitude level of the = Comparisons oP=S spectral amplitude ratios between
primary wave. The quality factors that we estimated in thisheUNE and the earthquake enable us to determine the spec-
study present the actual level of attenuation of the primariral features of theNE. The spectral features can be used for
wave. discrimination ofUNEs from earthquakes. Then=Lg and
Pg=Lg spectral amplitude ratios of théNE are well sepa-
rated from those of the earthquake in the frequency range
of 1-8 Hz (Fig.13). However, thePn=SnandPg=Snspec-

tral amplitude ratios appear to be less effective.

Source Spectrum and tiRe=S Spectral
Amplitude Ratio

The source spectra of regional phases are calculated
from equatior(5) using the inverted parameters. The inverted
source spectra agree well with theoretical expectations for  We have shown that tHe=S spectral amplitude ratios
both theUNE and the earthquake (Figsand10). The con-  are useful for discriminating betweeNEsand earthquakes.
sistent shapes of source spectra at all stations support tHewever, it is not clear whether this is caused by implemen-
stability of the inversion. We observe that tW&E source tation of characteristit/NE source models. We examine
spectra ofPn and Pg display characteristic overshoot fea- the inherent source spectral features ofUNE by testing
tures (Fig.9). On the other hand, the source spectr&nf whether theJNE source spectra can be represented by earth-
andLg from the UNE display weak overshoot features.  quake source spectral models. We implement Bsune

The spectral amplitude ratios betwdemnd S phases earthquake source spectral model in equafi®) for the
display good agreement with theoretical expectations faest. The source parameters are determinddpy 2:5 x
both theUNE and the earthquake (Figsl and 12). The 10“Nm andf. 4:0Hz for Pn, My 1:5x 104 Nm
P=Sspectral amplitude ratios of tluNE increase with fre- andf, 51 Hz for Pg, Mg 9:5x 1013 Nm andf
quency in the frequencies lower than tAephase corner 6:1 Hz for Sn and My 6:5x 108 Nm and f
frequencies and decrease with frequency at the higher fr@:0 Hz for Lg (Table 3).
guencies. Thé®=S spectral amplitude ratios of the earth- Note that the apparent moments determined fRom
quake appear to increase linearly with frequency in the entinghases are close to the moment estimated from the low-
frequency range. frequency waveform inversion. Also, these appatévE

Characteristics of the UNE Source Spectrum
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Figure 13. Comparisons dP=Sspectral amplitude ratios between thé€ and the earthquake with comparable magnitudeBr@l.g,
(b) Pn=Sn (c) Pg=Lg and (d)Pg=Sn TheP=Lg spectral amplitude ratios of th&E are well separated from those of the earthquake in the
frequency range of-B Hz. TheP=Snspectral amplitude ratios appear to be less effective for discrimination between nuclear explosion and

earthquake.

moments are higher than the estimates based obbNBRe quake. These observations indicate that comparisons of

source spectral models in Talfte This indicates that the source spectra and shear-energy contents betwéesand

UNE source spectral model appears to underestimate tig@rthquakes of comparable magnitudes may be useful for

level of spectral energy compared to the earthquake sourgéscrimination olUNEsfrom natural earthquakes, regardless

spectral model. We also find that the apparent momenSs forof the type of theoretical source spectral model adopted.

phases of th&/NE are lower than the deviatoric moment of

the earthquake. These observations imply that the amount of

compressional energy excited from t¢E is similar to that

from an earthquake with a comparable magnitude. However, The 9 October 2006NE in North Korea was well re-

the shear energy from theNE is far weaker than that from  corded by dense regional networks deployed in South Korea,

the earthquake. Japan, and China. The dense observation allowed us to in-
The source spectra 8fphases§n, Lg) are reasonably vestigate the regional source properties of WhE. The

represented by Bruteearthquake source spectral modelgsotropic moment of th&/NE was estimated to b2:92x

(Fig. 14). HoweverP phasesRn, Pg) are poorly represented 10'* N m from long-period waveform inversion. The source

due to the characteristic overshoot feature inRfsource  spectra of regional phases from thieE were inverted with

spectra. Because of the poor representatiéhsoiurce spec-

tra, theP=S spectral amplitude ratios are poorly matched Table 3

with the theoretical curves based on Brsnearthquake UNE Source Spectral Parameters Inverted with

source spectral models (Fit). Incorporation of Brurie Source Spectral Model

Discussion and Conclusions

Because thég phase is less excited from tbslE than Phase Mo (N m) fe (H2)
from the earthquake, thien=Lg and Pg=Lg spectral ampli- PN 25 x 104 40
tude ratios of th&JNE display higher amplitudes than those Pg 1:5% 10 5.1
of the earthquake (Fidl6). The P=Sn spectral amplitude Sn 95x 10' 6.1

Lg 6:5x 10% 2.0

ratios appear to be similar between UnE and the earth-
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Figure 14. Source spectra of regional phases fromuke for inversions based on Brusesarthquake source model: By, (b) Pg,
(c) Sn, and (d)Lg. TheP phasesRn, Pg) poorly match with the theoretical source spectral curves due to the strong overshoot feaure. The
phases&n, Lg) agree reasonably well with the theoretical curves based on the earthquake source spectral model.

determination of the apparent moments, corner frequencies, Data and Resources
overshoot parameters, and attenuation factors. The apparent

moments for the regional phases are estimated to be IOWS{\IEIE(jVintlnforrgagqn ?(nd Seismic wal\l/ef?r?]fjata ?ﬁ(ce}ft the
than the moment estimate from the long-period analysi ata recorded in Rorea were collected from the horea

which may be because the source spectra afiiare un- %\/Ieteorologlcal AdministratiorkMA , www.kma.go.kr last

. accessed December 2008), the Korea Institute of Geoscience
derrepresented by the theoretical source spectral model in . :

. and Mineral ResourcekIGAM, quake.kigam.re.krlast
low-frequency regime.

December 2 he Incorpor R rch
The overshoot parametersiphases from theNE are accessed December 2008), the Incorporated Researc

. nstitutions for SeismologyIRIS, www.iris.edu/data last
h|gher than those d8 phases. The overshoot pgrameter 0# ccessed December 2008), the National Research Institute
Pn is larger than the conventional value, while those 01?l

or Earth Science and Disaster PreventioNIED,
SnandLg are lower. The? phases from theNE are well .y et bosai.go.jplast accessed September 2008), and

represented by teNE source spectral models but poorly by ihe |nternational Seismological Centisd www.isc.ac.uk
Brunes earthquake source spectral models. Howeves the |55t accessed December 2008). The seismic waveform data
phases for theNE are well represented by both thREand  for the UNE recorded in South Korea were collected from
the earthquake source spectral models. These observatigga andKIGAM with permission.

suggest that the shear energy may be excited from a second- Some figures were produced using the Generic Mapping

ary source. Tools GMT, Wessel and Smith, 199§mt.soest.hawaii.egdu
Among various shear-wave excitation mechanisms prdast accessed September 2008).

posed, tectonic releasé/dllaceet al, 1989, spalling Day

and McLaughlin, 1991 and rock crackingMassé, 198
may be plausible. The explosional source features, that is,
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Figure 15. P=S spectral amplitude ratios of théNE records for implementation of Bruseearthquake source model: @)=Lg,
(b) Pn=Sn (c) Pg=Lg and (d)Pg=Sn The P=Sspectral amplitude ratios are poorly represented by theoretical curves based on the earth-
guake source model due to the characteristic overshoot featBrphases.

Figure 16. Comparisons dP=Sspectral amplitude ratios between thée and the earthquake, both of which are inverted using Bsune
earthquake source model: B)=Lg, (b) Pn=Sn (c) Pg=Lg and (d)Pg=Sn The observe®n=Sspectral amplitude ratios of thé&lE poorly

match with the theoretical curves due to the high overshoot featlhe $ource spectra. THe=Lg spectral ratios of theNE are well

separated from those of the earthquake. The implementation of earthquake source models appears to still be effective for discrimination

between nuclear explosions and earthquakes.



