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1. ENOHBKLEBRR

(1) MBI

ACHEE R Tl ALHFEENIC MR M S BB A 4 B LT
R PR ML AL Y (2021 47 4 A BUAE)

Bl Y

B —EHR (2021 4 4 AHUE)
B4 BEAT— R e (F)  BE () @S (m) BB BIRMEA E - 2 E

il ESH 41.8867  141.0075 40 1976 PK-110

2 HSS 429672 141.2289 215 1976 PK-110

H & HIC 42.8928  142.4547 210 1976 1.0Hz

EFFE KM U 42.2411 142.9633 185 1976 PK-110
Z0b ERM 42.0175  143.1533 40 1976 PK-110 STS-1
oy MYR 42.2942  143.2797 80 1976 PK-110
AL WN 42.6731 143.0422 235 1976 1.0Hz

B AKK 43.0194 1448381 80 1976 L4C-3d
I TES 43.4858  144.3986 220 1983 PK-110 STS-2
A MG 42.3928  140.1403 80 1983 PK-110
syt KKJ 4178  140.1719 30 1983 PK-110 STS-1
[iiE NMR 43.3842  145.7383 20 1984 PK-110 STS-1



=f MuUJ 42.2856  142.5986 35 1984 PK-110

TR URH 42.9286 143.67 100 1984 PK-110
5 i T01 442244 141.6694 35 1985 PK-110
) AB 43.8931 142.6419 265 1985 PK-110 STS-1
AT KNP 43.7628  143.7083 180 1985 PK-110
FEFT SYJ 433725  140.4817 125 1985 L4C-3d
TR AKA 43.2325  140.9817 370 1985 L4C-3d
gAY HAM 43.6153  141.3803 16 1985 2.0Hz
BRI KW 42.1667  139.4158 40 1993 L4C-3d
i ASPN MOS 41509  139.3815 12 1993 L4C-3d
KAg )l TNK 447781 142.08 60 1994 PK-110
Kotk TUR 444161 141.3144 20 1995 L4C-3d
A RUS 441067  145.2436 70 1994 1L.4C-3d
EAn HRK 43.4689  143.1247 695 1994 1L4C-3d
JEE A KUT 43.5436  144.3381 198 1995 L4C-3d
=% NIT 43.4975 1445025 168 1995 L22E-3D
RASH ODT 43.5539  145.2114 14 1997

DR HTU 43.2075 1453244 75 1997 L4C-3d
BB M SR 44.4167 142.2686 295 1997 L4C-3d
45PN 00N 419214  140.5886 150 1996 L4C-3d
=R NBT 43.635  144.3864 180 1996 L4C-3d
B NTK 42.3097 143.0353 550 1998 L4C-3d
RN TKD 43.2389 142.9422 438 1999 L4C-3d STS-2
F SRKM 414125  140.1764 50 2001 L4C-3d
il SKB 43.2425  143.0361 460 2001 L4C-3d
Hr-E) STD 435822  141.7261 124 1995 L4C-3d
FLICH RBS 452822  141.0361 25 1996 L4C-3d
(SN MDD 43.6725  144.6258 368 2004 L4C-3d
P 1| M SK 43.0872  141.3303 -138 2001 1.0Hz
=R MUD 42.3752  142.7025 180 2007 L4C-3d
e NUK 43.367  143.1912 539 2007 L4C-3d
JEE )] M SU 43.554 1445105 434 2007 L4C-3d
PIGEEAR NER 44.8121 142.0825 12 2007 L4C-3d
Eivs STZ 42.9707 141.461 -383 2007 > k=
SRS MED 43.1448  141.2586 -495 2007 > k=
i NKN 43.1368  141.4427 -495 2007 > k=
EERETE MTD 41.4978  139.3446 11 2015 L4C-3d
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B BLS = — R R () RBE () & (m)  BRRA  BUREES A £ BIE R

Z20%  ERM 42.0175  143.1533 40 1971 Tw, E
N M YR 42.2942  143.2797 80 1983 Tw, E
% TES 43.4858  144.3989 230 1983 Tw, E
G MG 42.3928  140.1403 90 1984 Tw, E
Sy KKJ 41.78  140.1403 70 1984 Tw, E
R NMR 43.3675  145.7383 20 1984 Tw, E, S3, Tb
= MuT 42.2856  142.5822 35 1984 Tw, E
TR URH 42.9294  143.6675 80 1984 Tw, E
EFFE KM U 42.2411 142.9633 185 1983 V

I T01 442244 141.6694 35 1985 Tw, E
gl AB 43.8931 142.6419 265 1985 Tw, E
K5 KNP 43.7628  143.7083 180 1985 Tw, E
JE R AKK 43.0194  144.8383 60 1978 Tb
syl ESH 41.8867  141.0075 40 1980 Tw, E
KA TNK 44.7808 142.08 60 1994 Tw, E
FEFt SYJ 43.3658  140.4828 10 1996 Tb, S3
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BIMSL | B A | KRR FREE e VEHEE e R BT EBE
a—R | o WWEH | T JERE | AULE
HAESR | SSB 423334.6 | 1405032.3 | 136 1978.10 | #ERt | #E | AL Flets 3¢
LT8500 Next
ZefRet | M bk | Al
LT8500
GPS Hi k| Leica
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MAE | ik | SRSEHF
7t NL-6000C
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N WXT536
VA TAT 423206.7 | 1405239.7 | 123 1977 HER | # b | EREEAF Flets 3¢
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GPS Hi k| Leica
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=& MIT 4234217 | 14046494 | 228 1977 HER | # b | R Flets
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ZeEiREr | MLk | G
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Bl SEZS KIT 423139.9 | 1404812.7 | 76 1978 WEH | #E | Al Flets
LT8500 ADSL
ZefRet | #E | Al
LT8500
&R NAK 423726.8 | 1405511.6 | 170 1981 WEH | #E | Al Flets Yt
LS8000SH | Next
MEEN HOR 422839.7 | 1405434.9 | 178 1977 WEH | #E | Al Flets Yt
LS7000XT | Next
K- OHD 423100.1 | 1405002.4 | 116 1977 HER | # b | EREEAF Flets Yt
HKS9700 Next
At NRM 423302.8 | 1405012.7 | 490 1977 HESE | #E | Al # 1A
LS7000XT | ##
&G | BH H i
12m | LS7000XT
PTG SWRM | 423209.6 | 1404925.0 | 524 20013 | #UEE | #E | AL # A
Sty LS7000XT | #%
GPS Hi k| Leica
SR530
BN ERM 4232139 | 1405031.9 | 567 20025 | #UEE | #E | HIL # A
LS7000XT | #%
ZefRat | #E | Al
LS7000XT
fERBE | #iE | Al
LS7000XT
Uvo UVO 423306.0 | 1405447.1 | 107 2001.3 | HEF | Hi b Flets t:
Next
AL IRI 423135.0 | 1404636.8 | 17 2001.3 | #EEt | BH Hil Flets 3
100m | LT8500 Next
ZefRat | #E | Al
LT8500
GPS Hi k| Leica
SR530
fiFg 1L TTY 4228523 | 14051209 | 43 2001 =R | BH Hil Flets 3
100m | LT8500 Next
ZefRat | #E | Al
LT8500
IEDZR SBT 423358.0 | 1405339.1 | 199 2002 HER | # b | EREEAE Flets
HKS9700 ADSL
ZefREt | Mk | FHEERAF
HKS9700
GPS # | Trimble
5700
H e NKJ 4235319 | 1405131.0 | 85 20025 | #UEE | #E | HIL # A
LS7000XT | #%
ZefRat | #E | Al
LS7000XT
R ZM 4233259 | 1404807.9 | 145 2002 HiEEGEE | BH SEL Y I A | Flets
100m | SC-ADE213 | ISDN
GPS # | Trimble ]|
5700 i
Al TKU 423629.2 | 1404730.1 | 93 20024 | HUEEH | # b | FLZ A | Flets
SC-ADE200 | ISDN
ZefRE | b | 'L R
SC-ADE200
GPS #i | Trimble
5700
= MRR 421921.0 | 1405728.1 | 177 20027 | #UEE | #E | AL Flets Yt
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LS8000SH | Next

=8 MTY 423356.7 | 1404726.8 | 259 20003 | REAIE b | x4 %A= | FOMA
VA HE
PM201SCS

il NYC 423309.8 | 1404804.9 | 137 2003.8 | RiAIE b | x4 %A= | FOMA
VA HE
PM201SCS

HZE ANA 4233207 | 1404922.1 | 199 2000.12 | #&/13 WE | xAY A | B
VA 4%
TM200

INEER KUS 423238.5 | 1404918.1 | 436 2000.12 | BéAEE | HiE | 2 AV A | Hi
VA 4%
TM200

HERA(T 717 4231443 | 1404910.5 | 296 2000.12 | Ri/IE WE | x4 A | B
VA 4%
TM200

HE IWY GPS # | Trimble ]|
5700 i

] TYU GPS # | Trimble ]|
5700 i

=R KIB GPS # | Trimble ]|
5700 i
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BIMSL | B A | R TREE e B e R E| T EBE
a—K | o WREA | FEE e | AHEE
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SR530 Next
W NUM 420530.8 | 1404312.7 | 270 19973 | #5E# | BH Hib Flets Yt
150m | LS7000XT | Next
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STS LS7000XT
&G | BH H L
150m | LS7000XT
GPS H | Trimble He - [A]
5700 o
7 H KM7 4202337 | 1404053.2 | 495 1994.10 | #ZEF | BH H L PR i A
100m | LS7000XT | 3% & #
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HiEERE | BH H L
500m | LS7000XT
&G | BH H L
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LS7000XT
ZefRet | M bk | Al
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fERBE | #iE | Al
LT7000XT
WA E | #ilk | SFSEAT
7t NL-6000C
K5 | X K | Vaisala
N s WXT536
GPS #i | Trimble
5700
)1 IKS 415829.3 | 14043019 | 185 19822 | GPS Hi b | Leica Flets t:
SR530 Next
] | MIKAMI
AT CB-171L
P MOR 420548.5 | 1403413.1 | 53 2001 GPS # | | Trimble Flets Jt:
5700 Next
FHHR 0SD 4204419 | 1403858.9 | 310 2000.10 | #EF | #E | AL PR i A
LS7000XT | &% & ¥
ZefRat | #E | Al B [\
LS7000XT | ##
fERE | #iE | Al
LS7000XT
W KME 420307.1 | 1404406.7 | 310 2000.10 | #EF | #E | AL # A
LS7000XT | #%
ZefRat | #E | Al
LS7000XT
FRIET TGS 420635.6 | 1403529.8 | 4 20034 | M AE | vFELYZA | Flets %
SC-ADI1217 | Next
bIF; SUN 4207359 | 14042458 | 5 20024 | #HUEE | HE | SELwZ A | Flets
SC-ADE200 | Next
R SWD 420418.1 | 1404200.5 | 762 20019 | #EE | #E | B # A
LS7000XT | ##
ZefRat | #E | Al
LS7000XT
fERE | #iE | Al
LS7000XT
Rl 2 KNG 420328.3 | 1404103.5 | 895 20019 | #EE | #E | B # A
LS7000XT | #%
ZefRat | #E | Al
LS7000XT
fERE | #iE | Al
LS7000XT
ARIEN AKG 400051.5 | 1403832.9 | 168 20024 | WEER | b | LR | Flets )
SC-ADE200 | Next
B K01 420329.8 | 1404103.6 | 900 2001.8 | iHEt | #E | x4 ¥ A4 | FOMA
VA BE
TM200
M K02 420531.8 | 1404026.1 | 297 2001.8 | RE/IE b | AV A | B
VA 4%
TM200
RIF K04 420051.6 | 14038189 | 168 2001.8 | Ri/iE ik | 2 AV A= | B
VA 653
TM200
KEAJR KO05 420345.1 1404104.1 | 913 2006.6 | BiAE | #iE | x4 Y AT | FOMA
VA BE
TM200
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BIMSL | B A | R FREE me BB oY | BB T4 HBE

a—RK o o o WEEA | R ERE | AHEE
YLE TRM 4240384 | 1412236.1 | 645 1996.9 | HIEF | BPL | ELwZA | HIL
STS SC-ADS213 | %
HIERET | MU | S ELwZA | 0 TCO

J[IBEIES SC-ADS213

BER | Bl | ELYZR

SC-ADS113

iRt | BREL | Ly R

SC-ADS113

IKE RHL | o ELYZR

BRI SC-ADS113
NN PRT 423410.6 | 1412200.0 | 70 1995.10 | #EERt | #E | AL Flets
LS7000XT | ADSL
64 H TRB 424209.8 | 1412340.6 | 480 1995.10 | #E# | BH Hib H L
100m | LS7000XT | #Ef
HEFE | #E | Al to SKH

LS7000XT

&G | BH H L
100m | LS7000XT
IREF | BH H L
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100m | LS7000XT
ZefRet | #E | Al
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XM | SKH 424638.0 | 1412407.5 | 290 1995.11 | #EEt | #E | AW Flets Yt
LS8000SH | Next
WA E | #il | SFSEAF
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P! ik
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X5 & | B M | Vaisala
N s WXT536
i) NSK 4241222 | 1412543.0 | 325 2001.10 | #EF | #E | AL H L
LS7000XT | fEf
to TCO
XEN SSN 4242473 | 14119504 | 324 2003.11 | #EF | #E | | H L
LS7000XT | fEf
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JER KRS 423915.1 | 1412453.6 | 261 2002.8 | #UEE | #E | HIL # 1A
LS7000XT | ##
ZefRat | #bE | Al
LS7000XT
e BFE 424332.1 | 1411549.1 | 250 2002.8 | #UEE | #E | HIL B
LS7000XT | 3.4k
to SKH
pelig MRN 4237422 | 14115205 | 143 20039 | #EE | #E | B Flets
LS7000XT | ISDN
GPS # | Trimble ]|
5700 i
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LS7000XT | ##
ZefEt | Hi bk | Al
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MAE | ik | SREHF
it NL-6000C
W VR | TKH 432558.8 | 1424003.0 | 1323 | 20149 | HEEH | #iE | AL BRFE IR
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&G | BH H L
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Testing the seismic quiescence hypothesis through retrospective trials of
alarm-based earthquake prediction in the Kurile—-Japan subduction zone

We make trial binary forecasts for the Kurile—Japan subduction zone for the period
1988-2014 by hypothesizing that seismic quiescence (i.e., the absence of earthquakes
of M>5 for a minimum period of 73) is a precursor of a large (7.5<M<8.5)
earthquake in the coming period 7} within a radius R of the quiescence. We evaluate
the receiver-operating-characteristic diagram constructed using a range of forecast
models specified by (73, B, 7). A forecast experiment targeting eight large
earthquakes in the studied spacetime suggests that the risk of a large earthquake is
modestly (probability gain G~ 2) but significantly (p-value less than 5%) heightened
for several years following a long quiescent period of 75> 9 years, within several tens
of kilometers of the quiescence. We then attempt cross-validation, where we use half
the data for training [i.e., optimization of (7, £, 7»)] and the remaining half for
evaluation. With only four target earthquakes available for evaluation of the
forecasts in each of the learning and evaluation periods, our forecast scheme did not
pass the cross-validation test (with a criterion that the pvalue is less than 5%).
Hence, we cannot formally deny the possibility that our positive results for the
overall period are a ghost arising from over-fitting. However, through detailed
comparison of optimal models in the overall test with those in the cross-validation
tests, we argue that severe over-fitting is unlikely involved for the modest G of ~2
obtained in the overall test. There is thus a reasonable chance that the presently
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tested type of quiescence will pass the cross-validation test when more target
earthquakes become available in the near future. In the meantime, we find that &
Improves to~5 when target earthquakes are limited to 8</M4,<8.5, though we
cannot say anything about the possible involvement of over-fitting because we have
only three such very large target earthquakes.
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Original Paper: Ohta, Y., Ohzono, M. Potential for crustal deformation monitoring
using a dense cell phone carrier Global Navigation Satellite System network. Earth
Planets Space 74, 25 (2022). https://doi.org/10.1186/s40623-022-01585-7.

Monitoring of crustal deformation provides essential information for seismology
and volcanology. For such earth science fields and other purposes, various Global
Navigation Satellite System (GNSS) networks have been constructed at the national
and regional levels. In Japan, the continuous nationwide GNSS network, the GNSS
Earth Observation Network System (GEONET), is operated by the Geospatial
Information Authority of Japan. Although GEONET has made a substantial
contribution to earth science research, the large spacing of GEONET sites makes it
difficult to accurately understand crustal deformation phenomena in some cases.
However, cell phone carriers in Japan have constructed independent GNSS networks
to improve their positioning services in recent years. In this study, we examine the
performance of a GNSS network operated by SoftBank Corp. for crustal deformation
monitoring. The network has more than 3300 sites throughout Japan, which is
approximately 2.5 times the number of the GEONET sites. To assess the quality of
SoftBank's GNSS data, we first analyzed data from Miyagi Prefecture and evaluated
the stability of the coordinate time series for nine consecutive days during a quiet
(interseismic) period. The calculated standard deviations were approximately the
same for both networks. Furthermore, we calculated the displacement between
September 2020 and March 2021. The results reveal that almost all SoftBank sites
showed a consistent displacement with their surrounding GEONET sites. Next, we
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analyzed the coseismic deformation associated with the off-Fukushima earthquake
(MJMA 7.3) on February 13, 2021, in both static and kinematic modes. We obtained a
westward coherent displacement along the coastline in both networks, although
several outliers were observed for the SoftBank sites. Based on these initial
assessments, we conclude that these private sector GNSS sites are useful for crustal
deformation monitoring with appropriate data quality control.
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the Sanriku Coast, Progress in Earth and Planetary Science, in press.
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