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LOCATION AND IDENTIFICATION OF SEISMIC EVENTS AROUND NORTH KOREAN NUCLEAR
TEST SITE FOLLOWING THE 3 SEPTEMBER 2017 UNDERGROUND NUCLEAR TEST

W.-Y. Kim, D. Schaff, P.G. Richards
Lamont-Doherty Earth Observatory, Columbia University, New York, U.S.A.

At least thirteen small seismic events that occurred close to and following the North Korean underground nuclear test
(UNT) on 3 September 2017 were detected and located by using seismic waveform data from regional stations. Other
than the first event, widely reported to be a cavity collapse, the magnitudes of these shocks range from 2.3 to 3.6. Based
on their timing, and proximity to the UNTS, these shocks may be considered as aftershocks. They are located within
1 km of each other with small relative location errors, approximately 50 m. We assess a method to classify each of these
small events separately based on their spectral amplitude ratios derived from regional P- and S-waves. We examine
additional possible small seismic events around the North Korean test site by using seismic data from stations in South
Korea, Russia, and northeastern China including IMS seismic arrays, GSN stations, and national network stations.
A linear discriminant function based on Mahalanobis methods applied to P/S spectral ratios does a better job of
screening events than does a simple average of such ratios.

INTRODUCTION

Following the large underground nuclear test (UNT)
of 3 September 2017 in North Korea, a number of
smaller seismic events were detected by use of a tem-
plate and cross-correlation (see below). The first such
event, which occurred about 8.5 minutes after the UNT,
is now recognized as a collapse event (e.g., [1]). Addi-
tional small seismic events, at or close to the North Ko-
rean test site, followed this same UNT. On September
23, 2017, 20 days after the UNT, a magnitude 3.6 event
occurred, and a dozen small shocks followed in the re-
gion. In this study we apply a P/S spectral ratio method
of event identification to explore the capability of such
methods at the lowest magnitudes for which they are

Most of our waveform data for event detection and
identification was acquired by broadband three-
component stations; the open station MDJ in northeast-
ern China (operated as part of a collaboration between
the China Earthquake Administration and the U.S. Geo-
logical Survey), the station USAOB in Russia (operated
as part of the International Monitoring System’s seismic
array at Ussuriysk), and the borehole station YNCB
(Yeoncheon) in South Korea situated close to the demil-
itarized zone (DMZ) between the two Koreas, and a
dozen additional stations in South Korea operated by
KMA (Korea Meteorological Administration) (Figure
1). We have found and analyzed in some detail the 13
aftershocks listed in Table.

likely to have utility.

Table. Seismic events that occurred around North Korean test site since September 3, 2017@

Eventid & Date Time Latitude Long. h Mag cc Refo)
pair (year-mo-dy) (hr:mm:ss) (°N) (°E) (km) (M) 0923
1 2017-09-03 03:38:31.5 41.343 129.036 1.5 4.2 0.27 USGS
2 2017-09-23 04:43:00.0 41.350 129.060 4.0 2.7 0.57 KMA
3 A 2017-09-23 08:29:16.8 41.296 129.044 25 3.6 1.00 USGS
4 2017-10-12 16:41:08.3 41.375 129.050 3.3 3.2 0.67 LDEO
5 2017-12-01 22:45:56.0 41.31 129.11 5.0 24 0.50 KMA
6 2017-12-05 14:40:53.0 41.32 129.13 5.0 29 0.48 KMA
7 8 2017-12-05 19:55:55.9 41.32 129.13 5.0 23 0.32 LDEO
8 2017-12-09 06:13:35.0 41.32 129.10 5.0 3.3 0.26 KMA
9 C 2017-12-09 06:40:02.0 41.31 129.11 5.0 28 0.18 KMA
10 2018-02-06 10:53:53.0 41.33 129.10 5.0 28 0.37 KMA
1 2018-02-07 21:46:01.0 41.32 129.09 5.0 3.2 0.35 KMA
12 D 2018-02-07 21:46:23.9 41.32 129.09 5.0 3.3 0.30 LDEO
13 2018-02-08 17:39:17.8 41.32 129.09 5.0 24 0.32 LDEO

) h = depth fixed in location; Mag=local magnitude; CC=detection cross-correlation coefficient; 0923=template event 2017/09/23, 08:29;
() Event locations are taken from reports by USGS=National Earthquake Information Center, US Geological Survey, KMA=Korea Meteorological
Administration, and LDEO=this study
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1. DETECTION OF SMALL SEISMIC EVENTS

AROUND NORTH KOREAN TEST SITE

The waveform cross-correlation (CC) detector is
known to lower the seismic event detection threshold by
about one magnitude unit or more, below what is nor-
mally detected through standard processing (e.g., [2-4],
among others). We used 3-component records at two
stations, MDJ (A=369 km, Az=6°) and USAOB (A=398
km, Az=36°), from the shock on 2017-09-23 at 08:29
(event #3, Table ) as a template event, to detect addi-
tional small events. The template 3-component wave-
forms were taken as 80 s long for MDJ and 85 s long for
USAOB. Template traces start about 1 s before the P
arrival through 30 s and 32 s after Lg arrivals for MDJ
and USAOB, respectively. The records are filtered be-
tween 0.8 and 8 Hz to avoid undesired noise. Large sig-
nal durations (T) and wide frequency bandwidths (B)
are the key for a robust correlation detector [5] suggest-
ed that a time-bandwidth product (T xB) exceeding 100
(or smaller TB with more stations) is necessary for reli-
able event attribution. We use three-component records
and take the mean of the cross-correlation scores from

124° 125° 126° 127° 128°

the three components to enhance the robustness of event
detection. The local magnitude (M) of the events we
identified with the CC detector, on or near the North
Korea test site, were determined from the RMS (root
mean squared) amplitudes of detected signals in the
time windows and calibrated to the amplitudes of the
template traces with known magnitude.

To determine CC threshold values above which to
claim a detection, we used the method described by [6]
which enables making detections having a predeter-
mined false alarm rate. In this method the continuous
waveform data are searched twice, using a time-
reversed template as well as the time-forward template.
These have the same time-bandwidth product, and gen-
erate similar distributions of noise-driven low CC val-
ues. We found that CC values above 0.15 for MDJ, and
above 0.2 for USAOB, arose only from the forward
template, and were thus plausible candidate detections
of waveforms similar to the template. We set these val-
ues as our detection thresholds for each 3-component
template.
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Figure 1. A map showing the location of North Korean nuclear tests (stars), earthquakes (open cir-
cles), single-hole explosions and large industrial explosions (inverted triangles), and seismographic
stations (triangles) in the northeastern Korean peninsula and in northeast China. Dotted circles con-
centric with the North Korean test site have radii 100, 200, and 300 km
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Figure 2. A map showing the location of North Korean nuclear tests (open stars) and preliminary lo-
cations of aftershocks (circles) with event id & doublet pairs as given in Table. Event pairs are indi-
cated by A through D. Relocated aftershocks are plotted by red circles, whose sizes are proportional
to event magnitudes. 11 accurately relocated aftershocks (event #2 through #12 in Table) shows that

they are in fact located all much closer together

We detected 26 events by using the 2017-09-23
(08:29) MDJ 3-component templates with a threshold of
0.15 from 2017 September 3 to 2018 March 1, whereas
the USAOB 3-component templates detected 32 events
that exceed the threshold of 0.2 from 2017 September 3
to 2017 December 31. Note that USAOB data is availa-
ble for analysis from IDC (International Data Center,
CTBTO) archive via vDEC (Virtual Data Exploitation
Centre) with about three months delay. We select events
by associating detection time at two stations such that
MDJ and USAOB detection times are within 4.0+1.0 s.
We found 11 common detections from the two stations.
Their magnitude ranged between 2.3 and 4.2 (magni-
tude of the template event is M, 3.6).

Examination of waveform quality of the detected
events indicated that 10 of them could be located by
traditional methods. Specifically we used P and S arri-
val times at regional stations in the distance range 350-
600 km together with the HYPOINVERSE location
code [7]. Due to a lack of station coverage, several
events are located with their initial location set at KMA
or USGS reported ones, and we fixed the depth at 5 km.
We thus obtained what we regard as preliminary abso-
lute locations for 13 aftershocks, as indicated in Table
and plotted in Figure 2. Their location error ellipses at
95% confidence level are very large. 11 accurately relo-
cated aftershocks (event #2 through #12 in Table) by
using late arrival Lg wave at regional stations shows
that they are in fact located all much closer together —
within about 1 km (Figure 2).

2. CHARACTERIZATION OF SMALL EVENTS

AROUND NORTH KOREAN TEST SITE

There are a number of new stations available to
characterize seismic events in and around the northern
Korean peninsula and northeastern China, as well as the
open stations MDJ, INCN; and IMS stations USRK and
KSRS. But most of these stations lack a waveform ar-
chive going back far enough to allow us to assemble
training data for the discrimination analysis. Hence,
MDJ is still the station of choice with its archive of data
starting in the late-1980s. The broadband 3-component
station USAOB, which is the reference site of the IMS
array USRK (Ussuriysk, Russia), has acquired data
since the fall of 2008. Vertical-component records from
these shocks recorded at USAOB (A ~370 km) are
shown in Figure 3.

To identify each of these events (earthquake, or ex-
plosion) we followed Kim et al. [8], which assembled
training data from 12 earthquakes and 12 explosions
that occurred within about 200 km from North Korea’s
UNTs. In that paper, P/S spectral amplitude ratios were
used as a basic discriminant and linear discriminant
functions (LDFs) combined these ratios taken at differ-
ent frequencies. It was found that the combination from
four discrete frequencies, at 6, 7, 8, and 9 Hz, provided
the best discrimination between explosions and earth-
quakes, using P/S ratios. However, in this study we use
frequencies 6 to 10 Hz, since these 13 aftershocks are
larger than the event studied in [8], and have signals
with good signal-to-noise ratios at higher frequencies.
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Vertical Records at USAOB from Small Events around Punggye-ri Test Site
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Figure 3. Vertical component seismic records bandpass filtered 1—15 Hz from the first nine seismic
events recorded at USAOB station. Records show Pg— and Lg-wave arrivals consistent with the
events located close to each other. Pg—waves centered at group velocity 5.8 km/s (~69 s) and
Lg-waves centered at group velocity 3.3 km/s (~121 s) are used to measure P/S spectral ratios

To identify each of these events (earthquake, or ex-
plosion) we followed Kim et al. [8], which assembled
training data from 12 earthquakes and 12 explosions
that occurred within about 200 km from North Korea’s
UNTSs. In that paper, P/S spectral amplitude ratios were
used as a basic discriminant and linear discriminant
functions (LDFs) combined these ratios taken at differ-
ent frequencies. It was found that the combination from
four discrete frequencies, at 6, 7, 8, and 9 Hz, provided
the best discrimination between explosions and earth-
quakes, using P/S ratios. However, in this study we use
frequencies 6 to 10 Hz, since these 13 aftershocks are
larger than the event studied in [8], and have signals
with good signal-to-noise ratios at higher frequencies.

2.1. P/S spectral amplitude ratio on three-

component records

Previous efforts to distinguish explosions from
earthquakes on the basis of seismographic data have
demonstrated that the high-frequency P/S spectral ratios
of rotated, three-component regional records have
greater discrimination power than vertical-component

records alone (e.g., [9]. Hence, we apply that previous
experience to data analysis for small seismic events
which occurred around the North Korea test site since
Sept. 2017. We rotate the observed NS- and EW-
component seismogram pairs to obtain radial (R) and
tangential (T) components. The P/S ratios of three-
component records are then formed for each station by
defining P / S = (P2 + PR)”/ (S + Sg* + S9)” where
subscripts indicate the component as described by [8].
For example, P, indicates the spectral amplitude of P
waves on the vertical-component (Z), and Sg indicates
the spectral amplitude of S-waves on the radial-
component. A single three-component P/S ratio is ob-
tained for each discrete frequency. Our approach builds
on the observation that explosive sources tend to excite
relatively strong and impulsive P waves and weak shear
waves, whereas earthquakes as shear-dislocation
sources tend to generate weak P waves but relatively
energetic S waves, particularly on the transverse com-
ponent. By using all three components the discriminant
is improved because it does a better job of evaluating
the S-wave, than use of the vertical component alone.
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Spectral Ratios of Seismic Events around NK Test Site
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Figure 4. Three-component log,o(Pg/Lg) spectral amplitude ratios at discrete frequencies between
1 and 15 Hz used in classification are plotted for 13 events (circles). The data used for the analysis
are all from MDJ. A mean spectral value for each discrete frequency point of the training events is
plotted both for earthquakes (black circle) and for explosions (black triangle), with a bar represent-
ing the scatter (+1 S.D.). Note that most of the measured spectral ratios fall into the earthquake popu-
lation, but ratios from some events lie in the explosion population. P/S ratios from event #8 are
plotted in red to illustrate details of its observed P/S ratios

Figure 4 shows three-component log;o(Pg/Lg) spec-
tral amplitude ratios at discrete frequency points be-
tween 1 and 15 Hz used to characterize the 13 small
events that occurred around the North.

Korean test site. The vertical bars in Figure 4 are the
standard deviations of earthquake and explosion popula-
tions of the sample data, representing the range of spec-
tral ratios for the training events. We attempt to classify
the 13 aftershocks by using P/S ratios obtained first
from the three-component recordings and using the LDF
obtained by using five discrete frequencies 6, 7, 8, 9 and
10 Hz with the same training event data as in Kim et al.
(2017). For each event, let three-component
log,o(Pg/Lg) ratios at frequencies of 6, 7, 8, 9 and 10 Hz
correspond to the variables ry, 1, r3, ry and rs. The line-
ar discriminant function we obtain, is.

D(r) = — 4.73 + 19.05r; — 16.58r, —
—13.27r; + 55.51r, — 9.99r; 1)

For this LDF, the Mahalanobis distance measure is
A? = 27.1 and the misclassification probability is 0.47%.
By applying the equation to the three-component P/S
ratios from 13 small events, we found that two events —
#8 (2017/12/09, 06:13) and #12 (2018/02/07, 21:46:23)

(Table), are classified as explosions whereas 11 events
are classified as earthquakes as shown in Figure 5.

Thus, in 3-component LDF analyses, 11 events can
be classified as earthquakes based on their P/S ratios,
and their discriminant scores are clustered within the
earthquake population (Figures 4). But events 8 and 12
appear problematic, since their discriminant scores are
even to the right of the classification line (where the
discriminant score is close to zero). Event #8 is classi-
fied as an explosion via the higher-quality analysis as-
sociated with three-component data (Figure 5), even
though its waveforms are very comparable to those of
event #9.

Obviously, the two events with discriminant scores
close to the classification line appear to have relatively
strong P radiation compared to S-waves, in contrast to
the analysis for 11 other aftershocks. The P/S spectral
ratios shown in Figure 4 have peaks between 6-9 Hz for
event #8, which is the main frequency band we used for
discrimination analysis using LDF. Hence, those ratio
peaks will classify this event as an explosion. However,
at frequencies higher than 10 Hz, the spectral ratios of
event #8 fall into the earthquake population.
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Figure 5. Classification analysis of the 3-component P/S ratio from 13 seismic events are carried out
by using five frequencies: 6, 7, 8, 9, and 10 Hz and using the linear discriminant function obtained for
MDJ with the same training data as in [8], 11 events (green squares) are classified as earthquakes;
and two events are classified as explosions (8 & 12). Discriminant scores of 13 events are plotted
with their mean logyo(Pg/Lg) ratios. All the training data — 12 earthquakes (circles) and 12 explo-
sions (shaded triangles) plotted as reference, provide discrimination power with the Mahalanobis dis-
tance of A% = 27.1, and the total misclassification probability of 0.47%. Vertical lines denoted as Eq
and Ex are the projection of the multivariate means of the earthquake and explosion population, re-
spectively. The vertical line Dy is the classification line. Event ids are as listed in Table

The seismic records at MDJ from events #8 and #9
(which were only about 26 minutes apart) are very simi-
lar, having a CC value of 0.66 for waveforms in the
passband from 0.8 to 8 Hz. So these events must origi-
nate within a quarter wavelength of each other
(~0.33 km) and they were separated by only about 26
minutes in time. However, their P/S ratios are remarka-
bly different, as the discrimination score of event #9 is
close to the centroid of earthquake population (the Eq
line in Figure 5), whereas #8 is classified as an explo-
sion.

The seismic records from event #12 are somewhat
contaminated by signals from event #11 that occurred
only about 23 s previously (Table), and hence, their P/S
ratios and discrimination score fall close to the classifi-
cation line (Do, see Figure 5). Note that the two popula-
tions are also quite well separated by mean 3-
component logio(Pg/Lg) ratio equal to about -0.1
(events #8 and #12 being exceptions) (see Figure 5).

2.2. Network averaged P/S spectral amplitude

ratio on three-component records

We analyzed additional seismic records at stations
with distances and path properties similar to those of
MDJ — namely, USAOB (A=398 km, Az=36°) and

YNCB (A=410 km, Az=207°), see Figure 1 — to see if
this changed the identification results obtained from
MDJ data. The network-averaged three-component
log:0(Pg/Lg) spectral amplitude ratios for the 13 seismic
events from stations MDJ, USAOB and YNCB are plot-
ted with circles in Figure 6. In Figure 6, a mean spectral
value for each discrete frequency point of the training
events used to form the LDF is plotted, both for earth-
quakes (black circle) and for explosions (black trian-
gle), with a colored bar representing the scatter
(1 S.D.) as reference. This use of network averaged
three-component data achieves better separation of the
explosion and earthquake populations than was found in
Figure 4, which was based on three-component data at
MDJ station only.

Network-averaged 3-component P/S ratios calculat-
ed with these additional two stations were used to clas-
sify events 1 through 9, now using three stations, and
events 10 through 13, using two stations — MDJ and
YNCB. All events are classified as earthquakes as
shown in Figure 7. As demonstrated in [9], high-
frequency regional P/S ratios provide much better dis-
crimination power when a network of stations is availa-
ble.
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P/S Spectral Ratios, Seismic Events After 3 Sept. 2017 UNT
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Figure 6. Similar to Figure 4 but now using network averaged three-component log,o(Pg/Lg) spectral
amplitude ratios. The spectral ratio data for the 13 seismic events at MDJ are plotted with circles.
A mean spectral value for each discrete frequency point of the training events used to form the LDF
is plotted, both for earthquakes (black circle) and for explosions (black triangle), with a colored bar
representing the scatter (+/ S.D.). This use of network averaged three-component data achieves bet-
ter separation of the explosion and earthquake populations than was found in Figure 4, which was

based on three-component data at MDJ station only

3. DISCUSSION AND CONCLUSIONS

Following the North Korea UNT of 2017 September
3 in North Korea, a series of seismic events were re-
ported by KMA and USGS, and other agencies, and
taken up by the news media. The first of these seismic
events occurred about 8.5 minutes after the UNT, and is
now recognized as a cavity collapse with seismic mag-
nitude about 4. A pair of nearby events occurred on
2017 September 23 (at 08:29 with magnitude 3.6, at
first misidentified as explosive by a unit in China
though later reports declared that it was probably an
earthquake; and KMA also reported an earlier and
smaller shock on the same day, event #2 at 04:43 — see
Table).

We applied a waveform cross-correlation detector to
continuous data from two three-component broadband
stations (open station MDJ and the International Moni-
toring System station USAOB), using signals from event
#3 as templates. Among the 13 events that we detected
and analyzed, there are four doublets — 2 & 3 (A), 6 & 7
(B), 8 &9 (C), and 11 & 12 (D)(see Table). Each pair
exhibits very similar waveforms having cross-
correlation values well above the detection threshold of
0.15 we have used with MDJ data to declare detections.
For example, the doublet A (2 & 3) has CC values of

0.67, whereas doublet B (6 & 7) has CC values 0.48 and
0.32. Hence, the overall sequence of aftershocks includ-
ed some distinct doublets, rather than all occurring as a
single large multiplet. The first seven events have simi-
lar waveforms based on their high CC values, then the
last six events have lower CC values than the first
group. Hence, the two large events - #3 (M 3.6, 2017-
09-23, 08:29) and #8 (M 3.3, 2017-12-09, 06:13) are the
two end members of the sequence. In the first two
months of the sequence, events occurred at an interval
of about 20 days; then the interval between events de-
tected in Dec. 2017 (events #5 through #9) became
short, only 4-5 days; and finally for events in Feb. 2018
the inter-event time was very short (~ 1 day).

The analysis presented in this paper has obtained
good results, in that we have been able to identify all of
the aftershocks we have detected as being earthquakes,
on the basis of their P/S spectral ratios. Note that our
whole approach (with a high-performance event detec-
tor) has enabled working with events so small (at mag-
nitudes around 3 they would be on the order of a tenth
of a kiloton in yield if they were explosions, which we
strongly doubt), that their signal quality is quite low. A
network of stations was required for a robust application
of classical Mahalanobis methods.
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Figure 7. Similar to Figure 5, but now the classification is done with network averaged, three-
component log10(Pg/Lg) spectral ratios at five discrete frequencies between 6 and 10 Hz. Using the
linear discriminant function obtained for MDJ in [8], all 13 seismic events are classified as earth-
quakes (red filled circles). The discriminant scores of 12 earthquakes (circles) and 12 explosions
(shaded triangles) of the training data are plotted with their mean log10(Pg/Lg) ratios for reference

An overall conclusion is that damage from shock
waves of the large UNT of 2017 September 3 has led to
slow adjustments in the surrounding region, entailing
stress relief (via aftershocks), occurring on a distributed
string of rock fractures.
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2017 )KBLJIFBI 03 KbIPKYAEKTETIT )KEPACTBI SIIPOJIBIK ’KAPBLIBICTAH KEMIH
COJITYCTIK KOPESHBIH SIIPOJIBIK CbIHAYJIAP IIOOJIUTI'OHbI JKAHBIHJIATBI
CEMCMMKAJIBIK OKUFAJIAP/bI )KEPTLUIIKTEY )KOHE COMKECTEHIIPY

Kum B.-I1., a¢¢ J.P., Puuapac II. T
Konymous ynusepcumeminin, Jlamonm-/Jospm sicep oocepsamopuscot, Horo-Hopr, AKIIT

Contycrik Kopesna xepacTsl sIpOJIBIK JKapbUIbIicTap kepiaepi xanbsiaaa 2016 x. 9 keipkyiekre xoHe 2017 x. 03
KbIpKYHeKTe OoJFaH KeMiHJEe OH TepT Killi CEeHCMUKAJIBIK OKUFalap, alMaKThIK CTaHIWsUIapAa CEeHCMHKAIBIK
CHUTHAIJApABIH TOJKBIHABIK TYPJIEpi Typaibl OepeKTepiH KeMeTiMeH, alKbIHIANbII Kepritikrenred. OCkl OKAFasap-
IIBIH MarHUTYOAck 2,3-3,5 apansirsiaaa. OChl OKUFaNap sKepacThl SApOIIIK skapsutbicTap (KSK) monmurons! xaHbHIA
OonraHblHAa CyiieHe, omapasl adTepmiokTp peTiHae caHayra Oomazpl. OCBl  OKHFaNIapAbIH SIHOPTAIBIKTAPHI,
xeprurikreynig 50 M. Karemirimer, 6ip OipiHeH | KM. KaIIBIKTBHIFBIHIA OpHAJTAacKaH. ABTOpPJAp OCHI Killli OKUFaJIapabl
MUCKpUMHAIMSIIAY YIIIH €H JKaKChl ofici peringe — P jkoHe S aiiMakTBIK TOJKBIHOAPABIH CHEKTPIIK aMIUTATYHA-
JIapBIHBIH KaThIHACHIH KoJiaJaHFaH. P/S CHeKTpIlik aMIUIMTyAalapblHBIH KaTblHAChl OOMBIHINA OCHI OKHFaJap/blH
Oipeyijie xKapbUIBICKA YKCAUTHIH OOJIBIT COUKECTCH IIPLTMEH/TI.

Koceimmra peringe, SICOKTIIY Xanbikapanslk MOHHTOpHHTI kyiecinin (IMS) ceficMuKaibIK TonTapbiH, kahaHIbIK
ceiicMorpadusutblk keniHiH GSN  craHUMsIapblH, COHAAN-aK aWMaKTBIK JKENHIH CTaHIMSIApbIH KOca alFaHja,
Ontyctik Kopess MeH contycTik-1ibiFbic  KpITaliarsl CEHCMHKANIBIK CTaHIMSIAPABIH JICPEKTEPiH MaiiaiaHsbIIl,
Conrycrik KopesHbIH ChIHAY MOJUTOHBI TOHIPETiHIETT BIKTHMAJ 9JICi3 CEHCMHUKANBIK OKHFalaphl 3epaciicHreH. P/S
CHEKTPIIK KaThIHACTApFa KOJMIAAaHBLUIFaH, MaxanaHOOUC OMiCiHIE HETi3AEeNTeH ChHI3BIKTHIK TUCKPUMUHAHTTHIK (QYHKIINSA,
COHJIall KaThIHACTApBIH apr()METHKAIBIK OPTa MOHIHCH, OKAFaIapAbl KaJaranay YIIiH XKaKChIPaK >KapalTBIHBI TYpabl
KOPBITBIHIIBI JKACAIFaH.

JOKAJIM3AIINAA U UAEHTUPUKALIMS CEHCMUYECKNUX COBBITUI
BBJIM3U MOJIUTIOHA SIIEPHBIX UCTIBITAHWUI CEBEPHOM KOPEU
MHOCJIE HOA3EMHOTI'O AAEPHOI'O HCIIBITAHUA 3 CEHTABPA 2017 TOJA

Kum B-H., lagd I.P., Puuapsc ILT.
Jdamonm-Jloxepmckasn obcepsamopusn 3emau Konymouiickozo ynugepcumema, Hvro-Hopx, CIIIA

Kak MuHMMYM TpHHaIIaTh MalbIX CEHCMUYECKMX COOBITHH, MPOM3OLICAIINX BOJHM3M MECTa ITOJ3EMHBIX SIAEPHBIX
ucneiTaanit B CeBepHoit Kopee 3 centsops 2017 r., Ob10 00HAPYKEHO U JOKATH30BAHO C UCTIOIB30BAHUEM BOJTHOBBIX
(opM celicMIYecKNX CHUTHAJIOB Ha PErMOHAIBHBIX CTaHIMAX. Kpome mepBoro coObITHs, 0 KOTOPOM COOOIIANoch Kak 00
0OpYIIEHUH IOJIOCTH, MarHUTyJa MaJbIX ceficMH4eckux coObITuii Bapeupyercs oT 2,3 nmo 3,6. OcHOBBIBasCh Ha
BPEMEHH M OIU30CTH 3TUX COOBITHH K MoA3eMHOMY simepHoMy ucmbiTaHuio (IISIB), mx MoXHO paccMaTpuBaTh Kak
adTepmoKn. DMHUUEHTPHI JAHHBIX COOBITHH PACIOJIOKEHBI B | KM JIpyr OT JIpyra ¢ IMOTPEIIHOCTHIO JIOKAIW3aluu
npuMepHo B 50 M. ABTOpBI OLEHWJIM BO3MOXHOCTH METOJa KJIACCU(PHKALMH KAKAOTO M3 3THX MAJBIX COOBITHH Ha
OCHOBE CIIEKTPAJIbHBIX OTHOLICHUH aMILIUTY/] pErHOHAIBHBIX BOJH P 1 S.

JIOTIOTHUTENBEHO M3YYeHBl BO3MOJXKHBIE CIIA0ble CEHCMHUYECKHE COOBITHSI B OKPECTHOCTH HCIIBITATEIBHOTO ITOJIMTOHA
Cesepnoil Kopeu ¢ ncnonb3oBanneM naHHbIX ceicMuyeckux cranuui B FOxxnoit Kopee, Poccun u ceBepo-BocToOuHOM
Kurae, Bkmowas ceificMmdeckue rpymmel MexmyHapomaHoi cucteMbl MonuTopuara OJIB3SAAM (MCM), craHmmit
rmobansHON ceiicMorpaduyeckoit cetn GSN, a Takke CTaHIWH pernoHaNbHOH ceTw. ChemaH BBIBOI O TOM, YTO
JMHEHHAs AMCKPUMHMHAHTHas (YHKIMS, OCHOBaHHas Ha Merone MaxanmaHoOuca, NPUMEHEHHass K CIIEKTPajIbHBIM
cooTHomeHusM P/S, nmydiie moaXOAuT IJIsl OTCIICKMBAHUS COOBITHIA, YeM cpelHee apu(pMeTHIeCKOe 3HAUCHUE TaKHX
COOTHOIIIEHUH.
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