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The Kumamoto earthquake sequence that started on April 15, 2016, resulted in more than 60 fatalities and brought about serious damage to Kumamoto Prefecture. It is the first time that the seismic intensity of 7 (on the Japan Meteorological Agency scale) was recorded twice within 2 days, which unnerved the population in the affected areas and made the response difficult. Furthermore, seismicity spread out across Kyushu Island, which enhanced uneasiness in society. The earthquakes occurred on known active faults where long-term probability of earthquake occurrence was disseminated, but such complex activity was unexpected. This unique sequence will clearly have a significant impact on the field of earthquake science and related hazard assessment.
This special issue is a compilation of 43 papers on multidisciplinary research regarding this unique sequence, the relevant tectonics and associated phenomena with state-of-the-art techniques as well as traditional ones.
Many papers discuss source processes based on studies from the viewpoint of their own discipline, such as teleseismic seismograms, strong ground motion records and surface displacements detected by space geodesy. Yagi et al. (2016) reveal the temporal evolution of rupture using seismograms from a global network. In contrast, Asano and Iwata (2016), Kubo et al. (2016), Nozu and Nagasaka (2017) and Yoshida et al. (2017) discuss the detailed rupture process using strong ground motion records. Their modeled faults have significant differences among them in the number of faults and geometry, but similar characteristics in slip distribution and temporal evolution of rupture are derived. Nozu and Nagasaka (2017) assume a single planar fault, while Kubo et al. (2016) use a single, smoothly curved plane. Asano and Iwata (2016) assume two planar faults, and Yoshida et al. (2017) model four planar faults dipping in different directions. Uchide et al. (2016) also present a model of the rupture process of the mainshock and discuss its relationship with aftershocks. Sawazaki et al. (2016) exploit high-frequency records to derive temporal variations in energy release during the period spanning nearly the entire sequence. Fukuyama and Suzuki (2016) estimate Dc″, a proxy of critical slip-weakening displacement, based on a near-fault seismogram.
Since its launch in May 2014, the Advanced Land Observing Satellite 2 (ALOS-2) of the Japan Aerospace Exploration Agency has been providing us with invaluable information on deformation of the earth’s surface. ALOS-2 made observations from many tracks with different line-of-sight directions. Using the data from ALOS-2, several groups present models of coseismic deformation on faults. Himematsu and Furuya (2016) exploit pixel offsets as well as phase changes to reveal deformation. Ozawa et al. (2016) present a model with four fault segments by fitting the observed interferograms of ALOS-2. Fukahata and Hashimoto (2016) invert interferograms of ALOS-2 ScanSAR images to simultaneously estimate the slip distribution and dip angle of two fault segments. Kobayashi (2017) exploit multiple aperture interferometry as well as conventional interferometry to reveal coseismic deformation due to foreshocks. Fujiwara et al. (2016) focus on detailed features of numerous surface ruptures recognized in ALOS-2 interferograms and present their qualitative mechanism in relation to faulting and geologic structures. As in the case of the strong-motion studies, there is a variety in the geometry and number of faults, reflecting the complexity of the rupture and observed deformations. This wide variety of fault models indicates a limitation in the ability of presently available techniques for the study of earthquake sources.
Since the target region includes the active Aso volcano, which is located along the southern boundary of the Beppu-Shimabara graben zone, the relationship between rupture process and subsurface structure is considered important. Yagi et al. (2016) and Ozawa et al. (2016) discuss the effects of stress changes due to the rupture of the mainshock on the magma reservoir of Aso volcano. Aizawa et al. (2017) analyze broadband magnetotelluric data and reveal a three-dimensional distribution of resistivity to discuss its relationship to the seismicity. Kusumoto (2016) and Matsumoto N et al. (2016) analyze the gravity gradient tensor and examine its relationship to the geometry of source faults. Mochizuki and Mitsui (2016) discuss the relationship between heterogeneous structure and interseismic crustal deformation. Miyakawa et al. (2016) invert gravity data to reveal a low-density body beneath the Aso caldera and discuss its possible effect on the termination of rupture. Matsumoto S et al. (2016) perform a stress tensor inversion of fault plane solutions and seismic moment tensors in central Kyushu and reveal a zone of large inelastic strain.
As mentioned above, the high intensity of ground shaking is an important issue in this earthquake sequence. Zhang et al. (2016) simulate ground motion records assuming an attenuation structure and site effect and succeed in reproducing observed ground motion. Hata et al. (2016) also try to reproduce strong ground motion, especially near the Shinkansen (bullet train system in Japan) track, with special reference to site effects. Yamanaka et al. (2016) conduct dense observation of aftershocks in heavily damaged areas and find local amplification effects in Mashiki, Nishihara and Kumamoto, but not in Minami-Aso. Chimoto et al. (2016) conduct array analysis in Mashiki and Nishihara and obtain the S-wave velocity structure, which they consider controls site amplification. On the other hand, Kawase et al. (2017) make a detailed survey of damages and reanalyze strong-motion records in the Mashiki town, attributing severe structural damages to a strong westward velocity pulse, rather than to site effects. Tsuno et al. (2017) evaluate site amplification in Kumamoto based on dense observation of microtremor and conclude that site amplification is not enough to explain observed ground motion during the mainshock. Irikura et al. (2017) examine three rupture models of the mainshock of the Kumamoto earthquake sequence and verify the effectiveness of source scaling relations for crustal earthquakes. Suzuki et al. (2017) study attenuation on strong-motion records and present a feasible method for real-time forecasting of strong motions. Nagasaka and Nozu (2017) discuss the applicability of multiple point sources to strong ground motion prediction.
During the Kumamoto earthquake sequence, many surface ruptures appeared and their origin is controversial. Tajima et al. (2017) discuss the relationship between surface ruptures found within the Aso caldera and the distribution of volcanic edifices to derive a possible link between the source fault and volcanic vents. Sugito et al. (2016) reported a detailed distribution of surface ruptures associated with the foreshock, some of which also moved during the mainshock. Shirahama et al. (2016) also compile a distribution of surface ruptures and conclude that most of them are distributed along previously identified active faults. Toda et al. (2016) examine surface ruptures aligned parallel to each other near the Mashiki town and Nishihara village and present a model of slip partitioning. Goto et al. (2017) examine subtle geomorphic features of surface ruptures using a digital elevation model in the city of Kumamoto and discuss their possible relationship to the earthquake source faults.
Seismicity change prior to a large earthquake is always an issue. Nanjo et al. (2016) present results of analyses using four different methods and detected anomalous change in seismicity. Nanjo and Yoshida (2017) discuss changes in parameters that describe seismicity between the M6.5 foreshock and M7.3 mainshock. Zhuang et al. (2017) discuss the effects of newly developed replenishments of the missing data on estimated parameters of the epidemic-type aftershock sequence (ETAS) model. Yano and Matsubara (2017) relocate hypocenters and discuss detailed features of seismicity during different periods such as 2001–2012, between the foreshock and mainshock, and after the mainshock.
A moderate earthquake hit the Yufuin city, Oita prefecture, right after the occurrence of the M7.3 mainshock. This event is considered to have been triggered by the seismic waves that radiated from the source fault of the mainshock. This phenomenon attracted the interest of many researchers. Miyazawa (2016) carefully examines the timing of triggering of the earthquake in Yufuin, exploiting a full waveform simulation of the mainshock. Enescu et al. (2016) show the activation of seismicity in volcanic areas as far away as Hokkaido as well as in nonvolcanic areas such as Noto peninsula. Yoshida (2016) re-estimates the magnitude of this triggered event using strong-motion records and GNSS data and concludes that the preliminary magnitude was underestimated. Uchide et al. (2016) also examine the magnitude of triggered events. Nakamura and Aoi (2017) estimate a focal mechanism and location of the triggered event in Yufuin.
Recent development of real-time monitoring for earthquake early warning is amazing. Applications of this newly deployed technique to the Kumamoto earthquake sequence are presented in this issue. Kawamoto et al. (2016) show the ability of the GNSS-based real-time analysis system (REGARD) deployed by the Geospatial Information Authority (GSI) to detect coseismic displacements and estimate size and location of the source fault. Kodera et al. (2016) examine the performance of the current seismic-based earthquake early warning system operated by the Japan Meteorological Agency (JMA) and indicate that two improved methods will be implemented in the near future.
This special issue is a compilation of preliminary works due to the limitation of available data and techniques, but gives deep insights into the generation process of this unique sequence of earthquakes. As the guest editors of this issue, we expect that these works will be a milestone for future studies of this earthquake sequence.
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