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Recent earthquakes near cities have underscored the critical importance of urban seismic hazard assessment. Near-field ground motions can differ greatly from the far-field and exhibit large vertical accelerations, directivity, velocity pulses, and pronounced nonlinear behavior (Grimaz and Malisan, 2014). Local geology amplifies motion, extends duration, and generates spatial variability. In weak, water-saturated sediments, strong shaking can trigger nonlinear behavior, causing coseismic changes in elastic properties such as reductions in shear modulus and increased damping that profoundly affect earthquake response (Bonilla et al., 2019; Lai et al., 2025, Schibuola et al., 2026).
Earth materials behave as nonlinear elastic media whose properties may gradually recover after strong shaking—a process spanning months to years (Nakata and Snieder, 2012; Brenguier et al., 2014). On top of that, long-term variations in sediment nonlinearity are increasingly influenced by global environmental change (rain and temperature). These evolving baseline conditions may fundamentally affect how sediments respond to and recover from seismic events. Current knowledge of shallow sediment nonlinearity derives primarily from laboratory experiments under controlled conditions (Kramer, 1996), creating a critical gap in understanding real-world temporal dynamics. Developing in-situ methods to detect and characterize nonlinear sediment behavior—including its long-term evolution under changing environmental conditions—is therefore essential for realistic seismic hazard evaluation.
The PhD project will exploit nearly 20 years of continuous seismic records from K-NET, KiK-net, SK-net, and Hi-net, comprising about 1,500 stations in the Kanto basin, Japan. To establish a reference soil response, anthropic seismic ambient noise will be used to define a stable baseline, against which long-term changes can be tracked. Data analysis will rely on continuous wavelet transform combined with phase correlation (Ventosa and Schimmel, 2023), a method that enhances the resolution of Green’s function using fewer data than traditional techniques. The PhD will investigate how temporal and spatial variability in seismic observations are linked to climate effects, earthquakes, and urban development.
Expected outcomes include (i) a robust methodology for in-situ monitoring of nonlinear soil behavior, (ii) a long-term record of subsurface variability in the Kanto Basin, and (iii) new insights into the interplay between fast nonlinear dynamics (coseismic changes, hysteresis) and slow dynamics (healing and recovery). The results will directly contribute to improved seismic hazard models for Tokyo and other megacities worldwide.
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