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Procedure to estimate the stress drop

» Estimate the site amplification factor from the coda normalization method.
» Evaluate the attenuation factor using the decay rate of power spectral amplitude.
 Measurement of Fl values at each station.

» Estimate of stress drop to minimize the discrepancy between the observed and
theoretical Fl.

» Validation of the obtained stress drop values by comparing them with those from
the ordinary method using corner frequencies.



Method

e Site amplification: coda normalization

e Coda amplitude A;; 1s expressed as the sum of source factor S; and site amplification factor G;

o (Jg: Decay rate of power spectral amplitude p;(f) against time
, 2nf
In (py() 75) =1 SN +1n G ==ty
S

e Source spectrum S,(f): correct the velocity spectrum v;(f) for geometrical spreading, site

amplification, and (g, and finally converted to displacement

nf
Qg

In vif) = In S.(f) — In ry; + In Gi(f) i+ In (27fRy,)



Data

Waveform data: velocity seismograms of Hi-net stations
Component: two horizontal components
Time window for coda normalization method: 5.12 s from 435 s after the origin time

Time window for (J¢ measurement: 2.56 s including S-wave

Time window for FI measurement: 2.56 s to 4.0 s including S-wave depending on earthquake
magnitude

Noise window: 10 s before the P-wave arrival
Hypocenter parameters and pick data: Unified catalog of the Japan Meteorological Agency (JMA)

Velocity model: JIMA 2001 used for the routine hypocenter determination by the JMA



Site amplification factor
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Attenuation factor
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Theoretical FlI

Definition of observed FI Average spectral amplitude
A, .
FI — lOglO — 1 fu2 ~
Al Ay = luCf)) df
fo—ful,
Buurman and West (2010) /
Spectral amplitude /
Boore (1986) -
277 8 f)éexp r | _ 27f My ~ exp i The theoretice}l Flis a fupction of
E pQs(f) L+ (f1£] PO(f) S-wave velocity, attenuation
' factor, and stress drop.
—Source — Attenuation
Corner frequency /
1/3
_(16/Ad) 2348 M, = 10"5Mw+9.05 [Nm] My, = 0.053M? + 0.33M; + 1.68
‘ ] MO 2T

Uchide and Imanishi (2018)
Eshelby (1957), Brune (1970)

£:2.08 —4.05[Hz], f,: 11.03 — 21.52 [Hz]



Grid search to estimate the optimal value

2022-06-24 06:03, Ac = 2.05 [MPa]
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In (Spectral amplitude) [m/s/Hz]

In (Spectral amplitude) [m?/s/Hz]

N
o
]

L
N}
l

LN
N
|

L
(O)]
1

N
oo

Raw data

1 10

Frequency [HZz]

Site corrected

1

10
Frequency [Hz]

In (Spectral amplitude) [M?/s]

In (Spectral amplitude) [m?/s/Hz]

Geometrical spreading corrected

Measurement of corner frequency
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® The corner frequency 1s obtained by fitting the

o We fit the model to the geometric mean of the

RMS Residual
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Brune’s (1970) model.

£
(f/f)?

uf) =5

obtained displacement spectra.
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Comparison with the corner frequency method
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Number of events

Histogram of stress drop

2018-01-01 — 2024-12-31
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Dependence of stress drop on Fl, magnitude, and focal depth
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f [Hz]

FI-fp relation (aftershocks)
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Epicenter distribution: swarm vs aftershocks
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Migration? 17
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Temporal variation of epicenter distribution (1) 18
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Temporal variation of epicenter distribution (2)

2022-07-01 — 2022-12-31

37-60N | | | | |
37.5°N — -
37.4°N
137.1°E 137.2°E 137.3°E 137.4°E
km
ammm R Y M =5 ————
0 1 2

log Ac [MPa]

2023-01-01 — 2023-06-30
37.6°N
37.5°N —
37.4°N
137.1°E 137.2°E 137.3°E 137.4°E
Km
- ups ————
0 1 2

log Ac [MPa]

19



—L
=

—L
i

Depth [km]

20

P .

_____________

L

~+—"

Fluid supply from
the low-velocity zone

Amezawa et al. (2023)

Rapid hypocenter

migration

o TSR Low-seisicity area
" T (High-permeabi\h'W)

P

Observation in the swarm initiation place

o W] A variety focal

mechanisms

Crustal movement

Noto Peninsula

NW Active fault SE
?i

_______________ 777 Clusters
10km
__________________________________ t+ S-wave reflector

\XX

HYQ;( X%
20km Open craCiuun | Listric fault zone
""""""""""""""""""" Fluid abundant region
30 km

Moho discontinuity

Nishimura et al. (2023)

37.54° -

37.52° 1

37.5° 1

37.48° 1

37.46° 1

37.44° -

137.2°

Cluster-N

137.15¢

137.2°

15 20
Depth (km)

137.25°

137.3°

Cluster-E
37.54° -

37.52

;% &,
37.5° -

37.48° - %g Q@ 2km
Q @
@) @@
37.46°
S
o L o0
o) @
(@)
37.44° -
137.25°

MS5.00 M4.00 M3.00 M2.00
®

137.3°

®

20

Regional (W,N,E)

N=196, R=0.61

Cluster-S
(depth < 15 km)
: Local shallow

N=21, R=0.85

Cluster-S
(depth = 15 km)
: Local deep

e ol
e (2
e 03

N=11, R=0.72

Takano et al. (2024)

Existence of low-velocity and high
Vp/Vs area

Nakajima (2022), Okada et al. (2024)

Reflector of S-wave

Yoshida et al. (2023)



137.1°E

137.

375N

Precise hypocenter distribution of the swarm

| 1371.3°E | 137.4°'E  Distance (km)

)

37.4°N

M2

M3

O

M4

O

M5

8000
6000
4000
2000

Depth (km)

# of EQs in time sequence

-y
o
|

—_
o
.

Yoshida et al. (2023)

2]



log10 stress drop [MPa]

Stress drop and pore pressure

Fluid 1njection
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Stress drop 1s low near the injection point.

Triggered earthquake swarm
near the border of Yamagata
and Fukushima Prefectures,

northern Japan
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Seismic activity started from the low-

stress-drop-events.



