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Quasi-realtime detection capability of short-term slow slip event and tremor
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Fig. 2a Distribution of the reverse fault plane of short-term SSEs estimated by Hi-net tilt data® plotted on the
tremor distribution'”. The bold lines on the rectangles indicate the updip side of the fault plane.
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Frequency distribution of observed tilt steps for
estimated SSE from 2001 to 2008”. The black,
blue, and red lines indicate the distribution of
observed tilt vectors combined from the steps
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in the Shikoku, Kii, and Tokai regions,
respectively. Observed tilt steps are less than
0.1 micro radian.
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SNTARYETHD (K 4e).

Spacetime distribution of slow slip events plotted on the tremors. Blue rectangles are large-size slow slip
events with fault parameters estimated from tilting data. Green rectangles are small-size slow slip events
with fault parameters not estimated whereas associated with the tilt step detected by only a few stations.
Yellow rectangles are slow slip events in Tokai area estimated by strainmeters by the JMA by Kobayashi
et al.(2006) ¥ The star symbol is the episode with fault parameters estimated by the automated detection

proposed in the section 4 (Fig. 4¢)
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Fig. 3a Configuration of the subfaults used in the inversion (perspective view looking from NNE) ', Three-
dimensional geometries and the surface projections of the modeled subfaults are displayed.
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Fig.3b Time series of detided and detrended tiltmeter records for the ETS episode in May 2005'”. (a) Traces with
a four-character station code followed by “N” or “E” denote northward and eastward ground down tilt
change components down to the north and east, respectively. (b) Tremor activity (daily number of tremors
within the rectangle in Figure 1). (¢) Atmospheric pressure change and (d) daily precipitation at the IMA
Uwajima observatory. The Hi-net tiltmeter stations and the JMA observatory locations are shown in Figure
1. The dashed lines in (a) show the calculated tilt changes due to the estimated slip process of this SSE.
Times are presented in Japan Standard Time (JST).

— 584 —



ay 13 00;00 ay 14 00:00

At o Xt
e P

ay 18 00;00

b il
KON 3 [T T T
oo L0001 2 3 45
e o / Slip Rate (m/yr)

3c 20054E5 A d SSE 123132 1 Hig 3~ D #EH 1 0
Fig.3c Estimated daily slip rate distributions of the May 2005 SSE'”. The time for each frame is 00:00 JST.
Orange dots show the tremor epicenters that occurred within a one-day-long time window from 12:00 on

the previous day to 12:00 on the day of each frame. The rectangle indicated by broken lines in each frame
denotes the modeled region.
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Fig.3d (Left) Cumulative slip distribution of the May 2005 SSE'”. The orange dots show the tremor epicenters
that occurred during the episode.
(Right) Slip distributions of seven SSEs". The contours show the cumulative slip distributions of each
episode. Each episode has one or two contour lines. The outer contours indicate 1-cm slip, whereas
the inner contours indicate 3-cm slip. The color of the contour lines indicates the month and year of
a particular episode, as indicated in the lower-right corner. The color scale indicates the normalized
histogram of cumulative tremor activity during the seven episodes shown in this figure. The stars indicate
the epicenters of VLFEs that also occurs during the specified episodes.

— 585 —



MSSE BBETILDHEE

ERE ANVMER:T, A, b, c; : BIIN=F&E

I T, Toi: VY KY—F
N | |ERIAME

| |ERALYE (bitsc)

S +SSE &S
L2

BIREZ: T

FORELIHEETIV / ° /TRD A

BiEETIL: |

@SSE Z2LEFTILE
2ELBVWETILOLER

SSE Z2ERBWVWETI
BEE

ISSE ZECREETIN
12k 314

| b, ¢/ MNZHE
| ﬁ
E j E Ei}iﬁﬁﬂs
RE-RNOLE - —_—
N :‘ | N : ERALY KOS (b) *t+c)
(52 (522

F=92E0
Variance Reduction (V. R.) &2 $IBf

ZoFso0—-hILiE
V.R. B\ TEHELRE L TWS AR

HEROBART

B

4a  Hi-net HRIFH T — & & W7 FHIHY SSE H Bk T3 O #HEL,
Fig. 4a Overview of the automated detection method of short-term slow slip event by using the Hi-net tiltmeter
data.

— 586 —



T—) IR
RN\ G o | ‘.'?.:RO% /
L SN AN “y &
o ﬁ L ‘ N _ AKWH
34 1 I Z@ o s_'NH Skvor
o elgr o TBEH GHKF«WYHA(HUH b5
OOZH L
MISH HIYH\
TSYH
TSMH @(\
33° SIKH ) >
- OOTH 15,‘45(\
) Ly
50 km
132 133 134° 135°
B 4b gt IR U7z Hinet BRI ( =/ ) LARGE L 12ITE
BTNV (). RIEFIEE 4c OBHEFIZ B THE
EShTWEET V., av =374 ) ViV —
&R OGESE
Fig.4b Hi-net stations (triangle) used in this analysis and assumed

rectangle fault model. The red rectangle fault plane is
estimated for the short-term slow slip event of May 2007
and 2009 in the central Shikoku area as shown in Fig,
4c. The iso-depth contour represents the configuration of
oceanic Moho discontinuity in the subducting Philippine
Sea plate'”.

X 4¢

— 587 —

Mo = 9.40e+17 Nm_(Mw 5.9)

My=7.00e+17 Nm (Mw 5.8)

b NLE down

SINH

GSIH

SJOH

.M

-W/"WW—‘- E
JHUSE [hPa] [ {#UsE (hPa)
s (mm) | {tmwmsE (mm)
=1 - | - { o | .
o1 11 21 21 3101 1
May 2007 May 2009 June 2009

PUEER I 351 2 KEHIRY SSE DR IGI. FHHR « Rk IE 2 2 A
MR RS D FFAL « WP, LA OZEE AL « T A3 ) OLE)

ZRT., HEINET XD

HEMVY REDERBRELTRLT

W5, ERIIHEE S NI SSE ' 7 v (K 4b RHEEE) 12X D
HERMERIZE), KO AS SSE &AM, Wi & L o MBhiEE)
Y, [ETRILBHSORE - NEZADE ORT. MO
SSE ¢4 2 X 2d 127w TR Y.
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the detection procedure were subtracted from the observed records. Solid
line is synthesized tilt change calculated for the estimated SSE fault model
(red rectangle in Fig.4b). Gray period indicates the SSE occurrence. At the
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observatory.
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Fig. 5a Epicentral distribution of tremor in western Shikoku calculated by the hybrid method. The tremor
epicenters with the variance reduction greater than 90 are plotted.
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Fig.6b Frequency distribution of tremor episodes

magnitudes defined in all regionsla). The
equivalent magnitude of the supposed SSE
is estimated from the number of detected
tremors for each episode. The light gray
bars indicate all tremor episodes. The solid
bars indicate tremor episodes accompanying
detectable short-term SSEs.

'S
=]

8

N
=]

-
=]

o

Cumulative slip [cm]

'S
=]

8

N
=]

-
=]

o

Cumulative slip [cm]

IS
=]

8

N
=]

-
=]
T

o

AP ORI TRLTHRIZB T 2= €Y — FEHMEIR LD A L 723X ) B ORARH

Z1e .

Time history of accumulated equivalent slip length estimated from the number of detected tremors for
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anomalous changes in the slip history.

— 590 —



	本文

	図２a

	図２b～図２d

	図３a、図３b

	図３c、図３ｄ
	図4a

	図4b、図４c

	図５a、図５b
	図５c～図５f

	図６a～図６c


