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Development of a routine system for a deep-low frequency earthquake in Hakone
Volcano, by using the matched filter method
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Abstract

I developed a routine system to monitor deep-low frequency earthquakes (DLFs) in Hakone Volcano, by using the

matched filter method. DLFs have been often observed beneath the caldera of Hakone volcano within the depth

range from 18 to 28 km. The activity of DLFs is thought to be related to a behavior of magmatic fluid at the depth.

Therefore, monitoring of DLFs activity on a real-time basis is essential to evaluate the volcanic activity. However,

DLFs could be hardly detected by using our present triggering system based on an STA/LTA ratio, because of a spatial

distribution of amplitudes for DLF signals and the triggering process. Then, we applied the matched filter method to

the continuous seismic record at the permanent seismic stations around Hakone volcano. The template waveforms of

DLFs are prepared on the basis of the unified catalog by Japan Meteorological Agency. The cross-correlation analysis

is conducted between the template waveforms and the 3600 sec seismic records every hour. The DLF catalog obtained

by the matched filter method reveals the detailed temporal variation of the activity and new system is useful to

monitor the DLF activity at the volcano.
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Hypocenter distribution of low-frequency earthquakes in and around Japanese Islands by using the JMA catalog

in the period from 2003 to 2017. Circles and triangles show the epicenters of low-frequency earthquakes and

active volcanos, respectively.
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Fig.2 Hypocenter distribution of DLF and DHF by the JMA catalog in the period from January 2011 to December 2016.
Solid and open circles show the locations of DLF and DHF, respectively. (Left) Epicentral distribution, (right)
Depth distribution along N-S cross section.
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Fig.3 Examples of waveform records for DLF and DHF at the NASGH Hi-net station.
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Fig.4 Amplitude spectra of DLF (black line) and DHF (broken line).
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Fig.5 Time-depth plot and cumulative number of earthquake for DLF occurred beneath Hakone volcano. The arrows
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Fig.6 Spatial distribution of S/N ratio at each station.

AN b ORKMETEMSD S/N bz ERE, 2ol
B 2 A XY b TV R ERE Uz SN o
FIEERDIZEDTHBD, DFEH, K6InLizS/
N LEAYEWEZ R I EIRSLIE & DLF & 7 )LORIED
KELZORTNT EFEK LTS, K655 DLF D
U FVIE. BIEEE ORI AILT S NOBIHIER K D
& B S FRRIINC B 28 TR < R 5 16
MAHSN5, T, DLF OHERBE /S2—28 L
IE T OFEBMOMBER KEMENTEL TVREEZD
N3, 51T, Y AT L TRFERAIVT S NOESS
THRAETZHAMEOMMZHEMAICBO TV 2D,
VT T NOHIEEN O A Z N THIEA XY RO Y
A2 1T> T3, ZD7zH, DLFICH L TIdXKIE
EHBIMRELBRSHEVRD . By A7 LTRBHEN
A A

RCORIEIC T U T, DLF OMHAIRE ) & % /51
RO 2BOMNEZBNDS, —DIE, KR (OMZ) F

(YDR) 7% EFRRILIO B MO T — 2 E A XV N R U A
—HICA 32 & THB, LML, TOHETESHR
it 7 & Tl A OWRHIBIHNEE 4 2 1 & MUIHE )1 O %
BEMRINEL 52 LW S ENDH S, T HIC. DLF
DAL E LA O NEH OREX D EFE0H ThH DM
BN T =F 2a— R 11U TOEDONFEALZDT, M
B/ A & T STA/LTA Z WA X2 M ETT
TR, T2 EZLDODLFZRH TIFELTVS EW
SN EH B, &5 —DDNHEIE. ToBDAN
VMRV AT LEEAT BT ETH B, HEk &I
LIRS AT L8 AT BT LIk D, ek AT L
WCRBERA 20T OEENREZ DT R, Fildx
DLF Sl D7E ﬁﬁﬁmﬁ%ﬁé$ﬁf%% Z TCAWE
F2i&. MF 1EZHWT DLF 233 7))V 2 A LTS
BYAT LZZEA LT,



< ( &&Fnsos )

T 7L — M EDER

Step1

77— MEREDIER
— -omml=ams
|| - SNEas

BRI ST
OBVRIR3 A
/ 1 E%Faq

TR ALIE
— /\RNNATa]VZ— 1-6Hz
0HzICE I T) T

FHEAEREIE

Step2 HEBEREDR 2 YD

MADIZ KA N> MR

BEANY OB

(1BsmoDLFAEOY)

K BEAZOIANI—

R

7 MFZEICKDDLFBHIL—FOHE7O—X,
Step 2 DILEIZ 1 BFREIC—ERBEEINS,

Fig.7 The process flow diagram in the Matched filter
method. The process of step2 is conducted every
hour.
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frequency distribution of coefficient. The horizontal broken line shows the threshold for the event detection.
Star shows the detected event time. (b) An example of continuous waveforms (gray lines) and the machined
template waveforms (bold lines).
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Fig.9 The activity of DLF and DHF detected by the matched filter method. (Upper)hypocenter distribution, (middle)
time-depth distribution and cumulative number of DLFs, (bottom) time-depth distribution and cumulative
number of DHFs. Size of each circle corresponds to its magnitude.
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