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JMAJapan Metrological Agency


GNSSGlobal Navigation Satellite System


ETASEpidemic type aftershock sequences


PGAPeak ground acceleration


PGVPeak ground velocity


QsS-wave attenuation


QpP-wave attenuation


SARSynthetic aperture radar


InSARInterferometric SAR




Main text
The 2018 Hokkaido Iburi Eastern Earthquake on 9 September 2018 was an inland moderate-sized Mw6.6 earthquake. The maximum intensity of VII, which is the highest in JMA intensity scale, was observed in the vicinity of the epicenter. This earthquake resulted in over 40 deaths, most of which were caused by enormous seismically induced landslides. Strong shaking also destroyed electric power facilities, causing a long-term electrical power outage throughout the Hokkaido region. This special issue focuses on describing this unique earthquake and discussing the characteristics of the seismic source process, strong ground motions, aftershock activity, tectonic background, and other related phenomena.
The source process and fault model of the earthquake have been reported in the following papers. Kobayashi et al. (2019a) suggested the steeply dipping rectangular fault at depths of 15–30 km using GNSS and InSAR geodetic data. Kobayashi et al. (2019b), Asano and Iwata (2019), and Kubo et al. (2020) discussed the rupture process in detail using strong motion data and suggested the existence of major slip at depths of 20–30 km, approximately 10 km shallower than the hypocenter. Additionally, Asano and Iwata (2019) simulated the seismic wavefield using a 3-D velocity model to reflect the complex subsurface structure of the focal region.
Katsumata et al. (2019) indicated that the rupture initiated in the deepest part of the aftershock region using local seismic network data with a 3-D velocity structure. They also suggested that the aftershock area consisted of three segments, which reflects a complex rupture process. The aftershock distribution and the estimated fault model were not consistent with the configuration of a nearby major active fault (the Ishikari–Teichi–Toen fault). Ohtani and Imanishi (2019) and Kobayashi (2019a, b) assessed the possible build-up of stress on this adjoining major active fault owing to co- and post-seismic crustal deformation, and the statistical characteristics of the seismic activity before and after the mainshock were investigated by Kumazawa et al. (2019) using the ETAS model.
The strong ground motions due to this event were accurately recorded by the dense nationwide seismographic network. Dhakal et al. (2019) found large PGAs and PGVs at a medium distance relative to the standard distance attenuation model. Nakano and Kawase (2019) suggested that the observed stress drop corresponded to the upper limit of a crustal earthquake. Dhakal et al. (2019) and Nakano and Kawase (2019) also reported nonlinear site amplification at seismic stations near the epicenter. Takai et al. (2019) concluded that the destructive strong shaking observed in the town of Mukawa resulted from the local and shallow underground structure based on subsurface structure surveys. The seismic source properties and amplification characteristics described herein provide insights that can lead to the better evaluation of strong ground motions.
The regional subsurface structure within the Hidaka collision system was investigated using seismic and magnetotelluric data. Iwasaki et al. (2019) illustrated that the Hidaka collision zone consists of a complex crustal and upper mantle structure using controlled source seismic data and suggested that the mainshock and a number of aftershocks occurred in the upper mantle. Kita (2019) indicated that the relocated aftershocks determined by a regional seismic network were situated in an anomalously thick crust and were distributed near the boundaries of velocity and Qp attenuation structures. Nakamura and Shiina (2019) also suggested that a Qs boundary corresponded to the aftershock alignment. Ichihara et al. (2019) presented the heterogeneous electrical resistivity structure of the Hidaka collision zone and suggested a possible conductive zone in the aftershock region. Ikeda and Takagi (2019) observed a coseismic velocity reduction as well as possible crack formation in the focal region. Iwasaki et al. (2019) and Kita (2019) suggested that low heat flow was the cause of the anomalously deep rupture.
Ohzono et al. (2019) revealed a relatively high strain rate in the focal region using GNSS data and suggested that the presence of weak crustal material in the fold–thrust zone leads to strain accumulation. Ito et al. (2019) illustrated the possible convergence of tectonic blocks in northern Hokkaido from regional GNSS data, where the northern continuation of the focal region is located. These geodetic data suggest the regional and constant build-up of stress in central Hokkaido.
The topographic characteristics of seismically induced landslides were assessed by Kasai and Yamada (2019), who indicated that the slip surfaces of numerous shallow landslides formed in the remains of volcanic soil deposited 9000 year BP. The landslides resulting from this earthquake were more clustered, more numerous, and larger in scale than were expected from the magnitude of the earthquake. Fujiwara et al. (2019) reported linear surface ruptures with small displacements from InSAR images; they also extracted liquefaction areas and landslides using InSAR mapping data. Shibata et al. (2020) reported coseismic groundwater-level changes in wells.
This special issue presents the characteristics of the 2018 Hokkaido earthquake. It also presents the tectonic implications as well as clues for seismic hazard assessments. This Mw6.6 earthquake demonstrated that even a moderate-sized earthquake can halt social activity in Japan, which is equipped with advanced earthquake disaster countermeasures. The possible accumulation of stress on nearby major active faults provides important information regarding disaster preparedness. Further investigations of the complex Hidaka collision zone from geoscientific and earthquake engineering perspectives are expected in future work, which will improve existing disaster countermeasures.

Acknowledgements
We are very grateful to the authors who submitted papers to the special issue and to the referees, who provided valuable suggestions and recommendations. We are also thankful to the Editor-in-Chief, Dr. Ogawa and Dr. Furuya who recommended for the organization of this special issue.

Authors’ contributions
HT, NT, MC, GM, SK and TY served as guest editors for this special issue. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
Asano K, Iwata T (2019) Source rupture process of the 2018 Hokkaido Eastern Iburi earthquake deduced from strong-motion data considering seismic wave propagation in three-dimensional velocity structure. Earth Planets Space 71:101. https://​doi.​org/​10.​1186/​s40623-019-1080-0
Crossref

Dhakal YP, Kunugi T, Kimura T et al (2019) Peak ground motions and characteristics of nonlinear site response during the 2018 Mw 6.6 Hokkaido eastern Iburi earthquake. Earth Planets Space 71:56. https://​doi.​org/​10.​1186/​s40623-019-1038-2
Crossref

Fujiwara S, Nakano T, Morishita Y et al (2019) Detection and interpretation of local surface deformation from the 2018 Hokkaido Eastern Iburi Earthquake using ALOS-2 SAR data. Earth Planets Space 71:64. https://​doi.​org/​10.​1186/​s40623-019-1046-2
Crossref

Ichihara H, Mogi T, Satoh H et al (2019) Electrical resistivity modeling around the Hidaka collision zone, northern Japan: regional structural background of the 2018 Hokkaido Eastern Iburi earthquake (Mw 6.6). Earth Planets Space 71:100. https://​doi.​org/​10.​1186/​s40623-019-1078-7
Crossref

Ikeda H, Takagi R (2019) Coseismic changes in subsurface structure associated with the 2018 Hokkaido Eastern Iburi Earthquake detected using autocorrelation analysis of ambient seismic noise. Earth Planets Space 71:72. https://​doi.​org/​10.​1186/​s40623-019-1051-5
Crossref

Ito C, Takahashi H, Ohzono M (2019) Estimation of convergence boundary location and velocity between tectonic plates in northern Hokkaido inferred by GNSS velocity data. Earth Planets Space 71:86. https://​doi.​org/​10.​1186/​s40623-019-1065-z
Crossref

Iwasaki T, Tsumura N, Ito T et al (2019) Structural heterogeneity in and around the fold-and-thrust belt of the Hidaka Collision zone, Hokkaido, Japan and its relationship to the aftershock activity of the 2018 Hokkaido Eastern Iburi Earthquake. Earth Planets Space 71:103. https://​doi.​org/​10.​1186/​s40623-019-1081-z
Crossref

Kasai M, Yamada T (2019) Topographic effects on frequency-size distribution of landslides triggered by the Hokkaido Eastern Iburi Earthquake in 2018. Earth Planets Space 71:89. https://​doi.​org/​10.​1186/​s40623-019-1069-8
Crossref

Katsumata K, Ichiyanagi M, Ohzono M et al (2019) The 2018 Hokkaido Eastern Iburi earthquake (MJMA = 6.7) was triggered by a strike-slip faulting in a stepover segment: insights from the aftershock distribution and the focal mechanism solution of the main shock. Earth Planets Space 71:53. https://​doi.​org/​10.​1186/​s40623-019-1032-8
Crossref

Kita S (2019) Characteristics of relocated hypocenters of the 2018 M6.7 Hokkaido Eastern Iburi earthquake and its aftershocks with a three-dimensional seismic velocity structure. Earth Planets Space 71:122. https://​doi.​org/​10.​1186/​s40623-019-1100-0
Crossref

Kobayashi H, Koketsu K, Miyake H (2019a) Rupture process of the 2018 Hokkaido Eastern Iburi earthquake derived from strong motion and geodetic data. Earth Planets Space 71:63. https://​doi.​org/​10.​1186/​s40623-019-1041-7
Crossref

Kobayashi T, Hayashi K, Yarai H (2019b) Geodetically estimated location and geometry of the fault plane involved in the 2018 Hokkaido Eastern Iburi earthquake. Earth Planets Space 71:62. https://​doi.​org/​10.​1186/​s40623-019-1042-6
Crossref

Kubo H, Iwaki A, Suzuki W et al (2020) Estimation of the source process and forward simulation of long-period ground motion of the 2018 Hokkaido Eastern Iburi, Japan, earthquake. Earth Planets Space 72:20. https://​doi.​org/​10.​1186/​s40623-020-1146-z
Crossref

Kumazawa T, Ogata Y, Tsuruoka H (2019) Characteristics of seismic activity before and after the 2018 M6.7 Hokkaido Eastern Iburi earthquake. Earth Planets Space 71:130. https://​doi.​org/​10.​1186/​s40623-019-1102-y
Crossref

Nakamura R, Shiina T (2019) Three-dimensional S-wave attenuation structure in and around source area of the 2018 Hokkaido Eastern Iburi Earthquake, Japan. Earth Planets Space 71:114. https://​doi.​org/​10.​1186/​s40623-019-1095-6
Crossref

Nakano K, Kawase H (2019) Source parameters and site amplifications estimated by generalized inversion technique: focusing on the 2018 Hokkaido Iburi-Tobu earthquake. Earth Planets Space 71:66. https://​doi.​org/​10.​1186/​s40623-019-1047-1
Crossref

Ohtani M, Imanishi K (2019) Seismic potential around the 2018 Hokkaido Eastern Iburi earthquake assessed considering the viscoelastic relaxation. Earth Planets Space 71:57. https://​doi.​org/​10.​1186/​s40623-019-1036-4
Crossref

Ohzono M, Takahashi R, Ito C (2019) Spatiotemporal crustal strain distribution around the Ishikari-Teichi-Toen fault zone estimated from global navigation satellite system data. Earth Planets Space 71:50. https://​doi.​org/​10.​1186/​s40623-019-1024-8
Crossref

Shibata T, Takahashi R, Takahashi H et al (2020) Coseismic changes in groundwater level during the 2018 Hokkaido Eastern Iburi earthquake. Earth Planets Space 72:23. https://​doi.​org/​10.​1186/​s40623-020-01152-y
Crossref

Takai N, Shigefuji M, Horita J et al (2019) Cause of destructive strong ground motion within 1–2 s in Mukawa town during the 2018 Mw 66 Hokkaido eastern Iburi earthquake. Earth Planets Space 71:67. https://​doi.​org/​10.​1186/​s40623-019-1044-4
Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





