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Characteristics of fluid-driven earthquake swarms seen by the Nonstationary ETAS model
- Space-time changes of the Noto Peninsula Earthquake -
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Fig. 1 Observation network of seismic activity and crustal deformation in each region. Red rectangles in the map indicate
the area classification (A-D). Black circles indicate GNSS stationary observation points.

2. Fﬁk@{#ﬁﬁﬁ

B MU DI A 2 v TR 2 D1, 14km X D EEH (Bd) DERD F—F VIBIRICHA L
(IZa@FéFﬂ), REI IS IR IC BRI AE (I 2b OF M) LTWw3fThs. LT
ERUNELEI 25 > GNSS Bl X 2 EAE) (K 2c¢) 205, BHOMELB23%E (Bd) 1T L



7o 0 & IR IERIFFIC BRINBLHIAL S L & BIAA L 2022 4E D RITH 12 200 € L FBI ASHERE L, ZROM-fil
BEERORMER (K2e) 2K L. Z OHAMIIEEE Bd THIEAFA L ZREHICHY L, Wil
KAFRTH B 2 & IZIBEIHE 7o,

22—l

R RHANSEE 2019-1-1 2020-1-1 202IJ—I—1 2022-1-1 2023-1-1
(3)37.43 L J‘_ ® (b) - ' ' '
by
by
‘oe” . . . 7
LY LL]
3747 - 5 ° e
000Us% % E T
L J N [ 1) L J 5 -
o \'. .. % Eé ?_ )
37.46 | 20w [
'Y ®
- :O \‘: o & 3
L ] [ L2 .
uy
g 37.45 o », o b - ! ;
o 0 500 1000 1500
b ﬁ‘ aﬂ. (c)2019 1-1 202011 202111 202211 202311
BN —faa s R
37.44 . <
= a
| g =1
5 g
37.43 g S|
- i
=
23
Bd (#&14~25km) Y ie
37.42 T T T o
137.22 137.24 137.26 137.28 13730 < -
BE T
[1] 500 0 1500
(d) 2019/1A 20?"““ 20_2””] 20?2‘”“ (e) 2019-1-1 2020-1-1 2021-1-1 2022-1-1 H023-1-1
7| BADIEEHETASHEE HiN—fA S SR !
E E _
4 : z
K g =
ol E’ | 1 ﬁ ©
B | || | ‘ ‘ . ®
g - | \.f ’ s H | :
a9 VARV A AR -E-
é @ _'_)W& \J \ L
o - - — T #*
" $ . — o N SO
2 T T T T T T T gl T T
0 200 400 800 800 1000 1200 1400 0 500 1000 1500
Bk Sanm

K2 BERERHB)OHBEGE (2023/5 M6.5 FAEUAT) . (a) WM %ZE L <o Bd fHll o BARALE L RS
BRI GNSS fBofiiE %273, (b) B IO MRS, HHA D — 2 b 9HIER L Bd i o H#E.

(o) filE Bz AaEL LBk L@ o RERY] (KAL) CRih#R 12T D 365 H OBEh il (it s £ <<k
FLYF) KT, (d) K284 2RI, e X OCFIMBIEZIEER ETAS £ 708 1) 0 2 2 il
100, (0, Ky 2EbFT. FeRozhZhoEoftmiickE - PR oENE 1L (2) o F & R
JEL T, () WK RUZERIN-MlE B HEt o REFHHE D B2 51 /R AR X AR o 365 H OB B Hh I, JRmft e &5
BUTE T NANORERE BEMMEMEAR T — VTR L7 (OMBEETTlRIL VY F) |
Fig. 2. Seismic activity in deeper part of B region (Bd) (before the 2023/5 M6.5 event). (a) The epicentral location of the Bd
region throughout the entire period. The black disk shows the location of the Suzu GNSS station. (b) Depth vs. time distribution
in Region B. The bursty seismic swarms in the blue circles are earthquakes in the Bd region. (c) Time series of specific height of
the Suzu station relative to Hekurajima station (gray circles). The red curve represents the median movement of 365 days before
and after the time (detrended at the time of vertical dotted line). (d) The gray spiky, red and blue curves indicate the components
Mt), p(t), and Ko(t) of the nonstationary ETAS model in Equation (1), respectively. The epicentral positions during the period
between the blue and red colored vertical dotted lines correspond to the blue and red disks in the upper left, respectively. (e) The
gray dots are time series of the oblique distance of the Hekurajima-Suzu baseline, and the red curve is the median movement of
the distances over the 365 days before and after the time (detrended at the time of vertical dotted line). The red and blue dotted
lines represent the red and blue lines in the lower left panel on a linear scale.
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Fig. 3. Seismic activity and GNSS obliquity distance time series for regions A, C, and D. (a) cumulative number of
earthquakes greater than magnitude 1. Vertical dotted lines indicate the time of deep seismic activity transition. (b) Red, green,
and yellow curves indicate the background component pu(t) of the nonstationary ETAS model (Equation 1). (c) Red, green, and
yellow curves show the oblique distance time series (shifted by detrending bt the time of the vertical dotted line) for the
respective baselines, Hekurajima-Suzu, Wajima2-Suzu, and Suzu-Ogi (Sado Island). The first and second vertical dotted line
indicates the time of the deep seismicity transition and occurrence time of the M5.4 earthquake in the north, respectively.
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Fig. 4. Background seismicity and spatio-temporal seismic configuration of regions A and D (before the 2023/5 M6.5
event). (a) the background seismicity of each region in linear scale, in different color.  (b) the epicenter distribution in region A
and D. (c) time-to-longitude distribution with Poisson intensity. Cut-off magnitude is M > 1.
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Fig. 5 Trends of obliquity and specific height time series for one year before the M6.5 earthquake for the Suzu
observatory. The solid gray line is October 22, 2022. A jump due to antenna replacement is seen at the Ogi station on Sado
Island.
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Fig. 6 Time evolution of epicentral distribution movement around region B. Region B and its northeastern extension
(colored area in the right figure) are covered. (a) the distribution of longitude versus time. The color corresponds to the color
bar for time in days, and the activity in the Bd region (depth > 14 km) is shown in gray dots. (b) the epicentral distribution.
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Fig. 7. b-value pattern in the earthquake swarm region. The color at each epicenter shows the b-value of the color bar. The
result is that in areas where the seismic activity is dense, the colors overlap and details are difficult to see, but the overlap is in
time order from bottom to surface. The red triangle indicates the hypocenter of M6.5 on May 5, 2023 (right side) and its largest
aftershock (left side). The yellow circles indicate the hypocenters of M4.3 or higher before the M6.5. Dotted lines and dotted
rectangles indicate regions A~D.
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Fig. 8 Seismic density distribution in A and D regions. Poisson intensity corresponds to the logarithmic color markers and
equidistant contour lines, red triangles are the same as in Figure 2, and X marks the epicentral distribution from May 4 to 5

when the M6.5 ocurred.
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Fig. 9 Subsequent earthquakes (aftershocks) of the 2023 M6.5 earthquake. Distribution of epicenters of all foreshocks and
aftershocks during May 5 (a) and depth vs. time in region E and outside (region F) (b and ¢). M > 1.5 activity after the main
shock up to 1 hour before the largest aftershock is fitted with the Omori-Utsu formula; (d) and (f) show cumulative number and
M-T diagram (e and g). The left side of the bottom panel shows the longitude vs. conversion time diagram, and the right side
shows the latitude vs. transformation time diagram.
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