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Development of a SeisComP3 module for detecting micro earthquakes and its

application to ocean bottom network data

Akiko To'*, Jan Becker?, Bernd Weber?, Morifumi Takaesu', Narumi Takahashi', Yoshio Fukao!, and Seiji Tsuboi'

Seismic data from local size networks and a semi-global size network are being received at JAMSTEC. In order to
systematically handle the data of the different network sizes, we attempted to apply SeisComP3, which is an earthquake
monitoring system originally designed for detecting earthquakes or tsunamis in global or semi-global scales. On the other
hand, it has been reported that many micro earthquakes are recorded in one of the networks, DONET. DONET is a local
size network of ocean bottom seismometers deployed offshore of Kii peninsula. It is important to efficiently detect and
list these earthquakes for the full utilization of the network data toward understanding the dynamics of the shallow part
of the Nankai Trough. However, since the earthquake detection algorithm used in SeisComP3 focuses more on locating
relatively large size earthquakes and minimizing the chance of detecting false events, some of the micro earthquakes do not
get detected by the existing function of SeisComP3. Here, we developed a new SeisComP3 module, which binds signals
detected at multiple stations within a certain distance and time span. We applied this module, which we call “binder”, to
one daylong DONET data. We examined four types of bandpass filter, which have their bandwidth somewhere between 2
and 30 Hz, and concluded that the filter with corner frequencies at 4 and 20 Hz most efficiently detects the signal of the
micro earthquakes. We confirmed that the binder is useful for detecting micro earthquakes. Moreover, one of the binder’s
advantages is that it works without assumptions on the velocity profile, thus it detected enigmatic events whose epicenters
are located on the Kumano Basin and whose signal propagates at the velocity of around 1.5 km/s throughout the stations
placed on the basin. No clear P arrivals were observed for these events. The finding demonstrates the possibility of the
binder to become a useful tool to further explore the data and to find out more of different types of events, which have not

been identified yet.
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v, B2, IRIS (Butler et al., 2004; http://www.iris.edu)
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W7 — % % SEEDJEA CTHUY 3t ) EMSIZEO RS
5. FNHOHTSC3E FA Y @ GFZ German Research
Centre for Geosciences (248 \>C 2000 4F LLF% |2 B S8 D305

FotBmIH LY 7 by 27 THLH. BIEIE, gempa
GmbH |2 B\ THERF L FAZEAMYT N T\ 5. FIFEREE
Wz, PIRIX20FE L EDFEROMAETT — & N— 28
W34 2 %ML L 72 Earthwarm & WIS L C, 77— % X—
AWW—=DIlF Lt FoTHY, WBRPER—EHLLEY 2—
VEE (1) THREN TV Z EHSC3DFED—>
L LTEIFS T 5 (Olivieri and Clinton, 2012). 312
AL LTIE, 3T XY FEOLOFIHE O AR AT
ThHRWZ &R, HBEICUEPITONE/RY T o =T
WCLIELIEN T Do TV 2 L &85, SC3%EAT
HEBEOWITE > Twd 2L LIFHS LTS (Olivieri
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7y b ORL HEROBMWEO T — ¥ WA, SC3T A
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BE LR T & B ZENEITH NS (www.seiscomp3.org
/wiki/recipes/multiple-pick-loc-pipeline). F7z, L—H®
R L o> ThZE S 7ziaen—fl & LT, ETH Swiss
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1.2 SeisComP3 binder € ¥ 2. — VBHFE D 37

SC3%, WHEMIERZEHRIC B W THERT 20—
ZBNMEO T — 5 1AL L9 LR, Dol akk
TLPY T FADRRZ NV L) L/ NEDS, HE
BARIS N WD H o7z, SC3IE, bbbk ru—

JAMSTEC Rep. Res. Dev., Volume 18, March 2014, 1-15 3



NI O % D SeisComP3 E ¥ 2 — VOIS, K UMK — 7 VT — & ~D#
Development of a SeisComP3 module for detecting micro earthquakes and its application to ocean bottom network data
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WEORI AT L By e LTSN (German
Indonesian Tsunami Early Warning System project, Hanka
etal,, 2010). Z0%, BEFEOSC3TIL, Bl LIRE
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Fig. 1. (a) Modules and message groups, which communicate between
the modules, used for locating hypocenters in SC3. The four existing
modulus are shown by grey hexagons. White letters in grey boxes
show the messages exchanged between the modules. The binder is
the newly developed module and it is shown by a black hexagon. (b)
The relation between the three types of message group, which are
PICK (organge), ORIGIN(blue) and EVENT(yellow). Many Origins,
representing different hypocenter solutions, are generated for one
earthquake in our case by the “binder” and scautoloc and are send
through the messaging system to scevent module, which receives and
sorts them. By comparing the hypocenter time and location as well as
shared Pick sets, scevent associates these Origins to Events issuing a
so-called EVENT message. Based on the author module among other
criteria a “preferred” hypocenter is selected by scevent.

1. (a) SeisComP3 DEJFHREMIEICFICHHINLEY 2—
WEFNLEDBTREENDL Ay =V EFELIN. 4008 GFE
< 2 — )V scautopick, scautoloc, scmaster, scevent & 7" L — DN AT
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Association_of_an_origin_by_matching_picks.jpg
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l

137"

A\ : DONET stations

. :Cable

¥ IMA hypocenter location, Depth: 39~42km

¥ : Locations determined by DONET data, Depth: 6~ 8km

Fig. 2.
are registered in JMA hypocenter bulletin. The three earthquakes are relocated using DONET data and they are plotted by yellow stars. (b) Some

(a) Location of DONET stations. Green stars show the locations of the three similar earthquakes whose waveforms are shown in (b) and which

waveforms of repeating earthquakes recorded by one of the DONET stations, KMBO06. The records of the vertical component are filtered between 2
and 8 Hz.

B2.  (a) DONET BB A, ORENE, AR SN MPMEOH T, KET— T BRICERERNS) A P ShTwiz=
OOMBEOMELRT. WERORME, TNOoO=2>0OHFEIZ>TDONET B A% A CRIEREZTo 2R %/~d. (b) DONET T
B & N7 ARE OIEAE. BEEKMBO6 O L FEIRLERIC 2-8 Hz D /3 K/SA T 4 V8 &l 7.
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TWB 7N T) ZAADERTHUNMBEZ ALY £ L T2,
scautoloc (¥, scmaster 2> SHEEDPICK 5 J 5 &, F
.70y P —F I LD H LWBEOER © ER T
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B 5RO 7 WEEFEREAHS, EOHBERA L O
£F 2137 T, —EORMIBNICEEDPICK B EET
Ll, ZO7) v ERBREROGEME SNL. HKiELR L
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Table 1.
September 18™, 2012. The events are divided into the following 5 groups from (a) to () by visual inspections of the waveforms. (a) Local earthquakes
located near DONET. 1% column: Designated as JMA or USGS, when the event information listed in 3™—9" column is provided by JMA or USGS
hypocenter bulletin. It is kept blank when the information is obtained by SC3. 2" column: Shows whether the event is detected by binder “B”

List of events, which are automatically detected by applying the binder and scautoloc of SeisComP3 to the one daylong DONET data of

or scautoloc “L” using the data filtered between 4-20 Hz. “V” indicates that the event is detected by visual inspection of the data. 374-9" column:
Hypocenters obtained from the manually picked P and S arrivals, which are indicated in the 17% and 18" column. Tiny events, whose numbers of
observed signals are too small to be located, are indicated as “Tiny”. The location of the station with the earliest arrival is given as the hypocenter
location for the tiny events. 10"-16" column: The numbers of automatically detected signals are compared between different filtering. For example,
“4-24Hz, X = 100km” means that the bandpass filter with corner frequency at 4 Hz and 24 Hz is applied for picking the signals and the horizontal
distance for binding the signal in the binder is set to 100 km. The numbers of signals detected as direct P arrival are shown as “Automatic P-pick”. The
numbers of the automatically picked signals, which has picked wrong signals, such as S arrival or noise, as P arrival are shown as “Wrong P-pick”.
17%-18" column: The number of manually picked P and S arrivals. (b) Teleseismic or deep focus events. The events are designated as “JMA” or
“USGS?”, if they are registered in the JMA or USGS hypocenter bulletins. Some of the events are manually located using SC3 from the DONET data
and listed in the table. The event of 13:28 is not registered in either JMA or USGS hypocenter bulletins. (c) Events with T-phase only detectable in
DONET records. The epicenters of the events are located outside of the network. (d) Events with surface wave or boundary wave only detectable in
DONET records. The epicenters are located at Kumano basin (Fig. 5, Fig. 6). (e) Events created by binding noise.

#1. 201249 H 18 HM®DONET 7— % |2, SeisComP3 @ scautoloc 2 U'binder ## M L, HEWWRH Sz A XY b, MBS A XNV O
ExHHICLVFEEL, (@)~ D520 7 )V —7F12501F7:. (a) DONETEEOH#E. 15 H: 3-95) H OEEHBHRS, [KRTF—mlbEl
727 A A HWERHEFTOBEIFRTH LHE1L, TNZENIMA, USGS Lt L7 SC3IZ L W BBHIHMRTH LA EZME Lz, 27
H:420HzD/X> K/XA T 4 )7 %721 F 72512, binder, scautoloc|Z & ) HEpMH X N/zA XY M2 ZFZNENB, LELL. T—F7OHMIC
LV LAY NIV ERLZ 3-95H 17, 185 HOPHE KOS HEOFEMMER % H /- FEIEFEIEOREE. SRR > 7
B i BRIFIENHR L VHEIX, “Tiny” £FR L7z, Tiny £ N> b OFAERRN & BHEMEIL, RbEVWY 7 FVokilg e zoy 7+
NARFSELZBNEOMEE LTWws. 10-165H: 4FHEONY FXZ 74 vy 28 L, BE L7237 F VO3 binder DE5E/ ST X
¥ THDHKFHMOMBEX 1L, 145 HTIEX =40km, ZNDHTIEX = 100km IZF%5E L7z, “Automatic P-pick” (%, P& L CHEbRM 21
=3 7 FVEL “Wrong P-pick” 13, BEWRIIS NIz 7 F IV OHRT, SER /A XA &P E L Ciiallo Tz 17-18%1H : F& T
Ao 72 EEPW L EES WO (b) mHbHhE F 72 IRFEME. KBTI bBIEY A P FE7 2 ) A EREF OME S & 1 7B
SNTWVAHEIZOWTIE, ZOIERE A2, scautoloc (2 & N IR S/ A X M, SC3THRE L7-EBRIBHREIFELZ. 1362850
AR MR, BEFEOEEY) A MIIZEHF SN TV as 572 (¢) DONET TT-phase 72U 2RIl S b 4 N> b, BEESBIHEOZ B 5 5%
M FE O T-phase & fEfll 1%, (d) DONET CREE/BEFIEZIBM SN D A X2 b SSEBEZBRIEOFICMET 2 (X5, XK6). (e)
binder|Z & V) / A X & FRTIER S NizA X2 b,

(a) Local events

123 [4]s] 6 [ 7 [ 8]0 0 [ [ 123 14 15 16 17 [ 18

B . . . 4-24Hz 4-20Hz 4-20Hz 2-20Hz 8-30Hz
Hour Min Sec Latitude Longitude Depth MLv
or X =100km X =100km | X =40km | X=100km | X = 100km | Manual Manual
L Automatic  Wrong | Automati Wrong |  Automatic Automatic Automatic P-pick  S-pick
P-pick  P-pick | P-pick  P-pick P-pick P-pick P-pick
B | 00 07 37 33.173 136.577 - Tiny 3 2 3 2 3 - 3 1 2
L| 00 41 40 33.099 136.989 4.0 27 9 1 11 2 11 4 8 9 7
L | 01 19 35 33.147 136944 00 23 5 1 5 1 5 3 5 4 4
B | 02 41 2 33247  136.988 3.0 21 3 1 3 2 3 - - 2 4
L| 03 09 57 33291 136.981 30 24 7 2 6 2 6 3 5 5 4
B | 03 17 19 33.188  137.060 30 24 5 1 5 1 5 - 5 4 7
L | 03 44 31 32991 137.192 100 33 14 0 16 0 16 11 12 16 16
L| 05 23 52 33.308 136.890 40 23 8 2 8 2 8 7 7 7 9
L | 05 31 16  33.112  136.747 30 19 5 2 6 3 6 5 3 6
B | 05 49 50 33.016 136.733 30 1.8 - - - - - 3 - 1 4
v 07 14 39 32974 136.622 00 2.1 - - - - - - - 1 4
B | 08 11 1 33.008 136.766 3.0 2 4 1 4 1 3 3 5 3 3
L 10 41 29 33202 136.901 30 23 8 0 9 0 9 7 7 9 9
B 12 41 34 33311 136.867 3.0 2 3 2 3 2 3 - - 3 5
B 13 13 13 33.117 136.994 18.0 2.1 5 2 5 2 5 - 3 2 5
B 14 48 31 33236  137.197 1.0 27 3 2 3 2 3 3 - 2 5
B 14 50 7 33.019 136.607 00 22 - - - - - - 3 3 3
B | 20 24 7 33.140 136954 20 19 4 2 5 3 5 4 4 3 4
B | 21 12 43 33.053 136.933 - Tiny 3 2 3 2 3 - 1 1
B | 21 34 26 33.273 136.994 1.0 2.1 4 1 4 2 4 4 3 3 7
L | 21 39 39 33131 136.960 4.0 2 4 0 4 0 4 3 4 4 3
L| 23 42 57 33268 136989 22.0 2.1 4 1 5 2 5 4 4 5 10
Number of detected local events 19 19 19 14 16 22
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(b) Telesiemic or deep events

Hour Min Sec Latitude Longitude Depth MLv | 4-24Hz | 4-20Hz | 4-20Hz | 2-20Hz | 8-30Hz | Manual P Manual S
JMA | B | 01 51 44 27.38 131.00 420 32 |- - |- - - 8 - - -
USGS [B| 03 23 41 -617 10379 100 52 |- - |- = [ - - 0 | - - - =
o L] 13 28 13 31633 138658 110 43 [12 1 [15 3 | 15 | 9 | 1 2 | s 10
o L | 17 24 53 32722 136705 3190 33 [16 0 [15 0 | 15 | 1 18 | - 70
IMA | - | 17 24 39 33.08 13679 4500 31 |- - |- - - - - - -
o L | 17 54 10 29200 138309 5150 52 [11 0 [14 0 | 14 [ 1 16 | - 8 0
IMA | — | 17 54 22 30.48 138.19 4760 37 | - - |- - - - - - -
o L | 18 32 41 33768 135577 620 35 [17 1 [16 0O | 16 | | 14 [ 17 | v 15
IMA | - | 18 32 41 33.99 13551 560 18 | - — |- - - - - - -
IMA [B| 19 11 2 3585 14054 350 36 |- - |- - [ - - 3 -
(c) Teleseismic events whose T — phase is only observed by DONET
Hour Min Sec Latitude Longitude Depth M | 4-24Hz 4-20Hz 4-20Hz | 2-20Hz | 8-30Hz | Manual T
L | 08 17 5 29504 133.304 - - 4 5 5 9 3 12
o |B| 08 41 9 31662 135864 - - | 8§ | 0| 5 6 | - 4
USGS | - | 08 05 37 4480  126.380 28 5.1 - - - - - - - -
(d) Local events whose surface/boundary wave is only observed by DONET
Hour Min Sec Latitude Longitude Depth M | 4-24Hz | 4-20Hz | 4-20Hz | 2-20Hz | 8-30Hz | Manual
B| 02 09 35 33363 136.383 0 -|- —-14 0 3 - - 6
B| 02 16 52 33375 136445 0 - |13 0 |13 0 9 9 7 13
B| 02 42 0 33419 136.568 0 -4 0|5 O 5 - 4 6
(e) Noise
1[2]3]4] 5 [ e 7 8 9 10 11
B . . . 4-24Hz | 4-20Hz | 4-20Hz | 2-20Hz | 8-30Hz
or | Hour Min Sec Latitude Longitude
L 100km | 100km 40km 100km | 100km
B| 00 03 56 33.053 136933 - 3 - - -
B | 06 53 42 33053 136.933 - - - 3 -
B | 07 13 1 33.053 136.933 4 4 3 - -
B | 07 28 43 33358 136.922 - - - 3 -
B | 08 19 24 33.361 136.807 - - - 3 -
B | 08 46 58 33544 136.332 3 - - 5 3
B| 09 08 44 33003 136.779 4 4 4 3 -
B | 10 15 26 33.053 136.933 - - - 3 -
B | 10 43 26 33544 136.332 - 3 - - -
B| 10 45 58 33805 136.557 - 3 - 3 -
B | 11 42 26 33477  136.926 - 3 - - -
B| 13 54 16 33.003 136.779 - - - 3 -
B| 14 51 59 33752 136.649 - 3 - - -
B| 16 49 16 33.003 136.779 - 3 3 - -
B| 19 41 43 33128 136.933 - 3 - 3 -
B| 19 59 37 33173 136.577 - 3 - - -
B | 20 17 42 33.003 136.779 3 3 3 3 3
B| 20 41 56 33358 136922 3 3 - - -
B | 20 43 17 33233 136.563 - - - 3 -
B | 22 43 42 33361 136.807 3 3 3 - -
B| 22 47 35 33.003 136.779 6 6 3 4 4
B| 22 48 6 33485  136.445 - - 3 - -
B | 22 54 22 33173 136.577 3 3 3 3 -
B| 23 56 7 33358  136.922 3 - - - -
Number of fake events created by binder 9 15 8 13 3
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Fig. 3. Screen shots of scolv, which is one of the SC3 GUI modules. scolv is an interactive tool used to review and revise the results from the automatic
event locating process. (a) Events tab of scolv. The EVENTSs obtained from the scevent module for the data of September 18, 2012, are listed. They
are indicated by black arrows. By clicking the “+” on the left side of an EVENT, which occurred at 05:23, the ORIGINs which are contained in this
EVENT are listed and they are indicated by red arrows. This EVENT at 05:23 is detected both by the scautoloc (orange arrows) and binder (blue
arrows). Among the ORIGINSs obtained by the scautoloc and binder, the one, which is obtained by scautoloc with the largest number of PICK (shown
as “phase”), gets the highest priority and is listed as EVENT in the event list. (b) Location tab of the scolv. By selecting an event in the “Events tab”,
the location and residual plots of the event are shown in the Location tab. (c) Manual picker of scolv. By clicking the “picker” button in the Location
tab, the waveforms are displayed in the picker screen for the review.

3. SC3EY 2—NVD—DThH5scolvDEIH. scolviZk V), BEERREDHERLTBEET —F 2 AP 8T 77471 Ea—L,
BEOFREXIT) LB TES. (a) “Events tab” [j[H. EVENTXORIGIN. Z 7. scautoloc & binder |2 & V) 15 & 4172 ORIGIN 7%scolv T %
NENED L) IZFRENDL P EIRT, scevent Y 2 —)VIZ L 1 15 %ﬂf_)ﬁﬁ (EVENT, ZZH) O—EENIFRIND. SK235OER
I22WT, EVENTOLEMO+% 27 v 7 L, OEVENT A v t—VIZEEFNLLTOHOORIGIN (FREH) 2FRL TS, ZOMEICOW
C, binder (HF4FN) & scautoloc (F L ¥ V&H) OWMGDEY = —)l/’C‘\ORIGIN%J“{’FJJTZ‘Eg NTwb. O ORIGINDH T, scautoloc TIERL
SENPICK (Hifi | Cphase & FREN D) DOIRLL WL OPRELEN, EVENT & LTERY A MIFRENS. (b) “Location tab” M.
Event tab Wi 5 EVENT % 7213 ORIGIN 38 (N2 ) v 7§25 &, ZD A N> b OML#E R ZETEHR % 7R Location tab I 28] ) Hb 2. (c)
“picker” HTH. Location tabM[H® picker % 7 ') v 7 3 % & picker Il CHIEL T — ¥ DIER SN 5.
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SHAOFBEIZE. 7)) v Fid, B2 & hE #
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Fig. 4. Three types of grid are examined for the use of locating local
events by SC3. One day long DONET data of September 18, 2012 is
processed using scautoloc. The results from the three types of grid are
compared. Red circles indicate the detected events. The number of
detected events is shown in the lower left of each panel. (a) The default
global grid provided with the SC3 source-code package. The grid is
given at the depth of 33km, 150km, 300km, 450km and 600 km.
(b)The global grid is given with an increment of 5 degrees at longitude
between 45 and 250 degrees and at the latitude between —85 and 85
degrees. The local grid near the DONET is given with an increment
of 0.2 degrees. The grid is given at the depth of 1 km, 50 km, 350 km,
and 600 km. (c) The same as the grid shown in (b), except for the local
grid near the DONET is given with an increment of 0.1 degrees. The
comparison shows that the grid shown in (b) is the most appropriate for
the data process using DONET stations.
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Fig.5. The locations of events listed in Tablel (a) and (d).
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Fig. 6. (a) Location of one of the three enigmatic events listed in Table 1d. This event occurred at 02:16. (b) Travel time plot of the event. The red

line indicates the travel time of 1.5km/s. Automatically picked arrivals are shown by red dots. Manually picked arrivals are shown by green dots. (c)

Waveforms of the vertical component of the event are displayed.
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Fig.7. Anexample of the case where multiple ORIGINSs are generated
by the binder for one earthquake when the horizontal distance criteria
for binding the signals is much smaller than the horizontal size of the
station network. Direct P-arrivals are observed at 19 stations for the
event, which occurred at 18:32:41 (Table 1d). The diameter of DONET
is approximately 100 km. When the binder is applied to the waveform
data of this earthquake, with the horizontal distance criteria for binding
the singles of 40 km, two ORIGINS are created for the earthquake. The
locations of the two ORIGINs are station locations of KMAO3 and
KMD15 respectively.
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