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In recent years, 4D analysis, or the attempt to detect temporal changes in the spatial distribution of fluids in the subsurface,
has been widely used for resource development purposes or monitoring of active volcanoes. Several 4D analysis methods
have been proposed, the simplest of which is parallel inversion. This method estimates temporal variations by separately
inverting data at multiple observation times and taking their differences, and has been applied to many real data (e.g. Miller et
al., 2008; Minami et al., 2018). Sequential inversion, which was proposed in Wirianto et al. (2010), uses the model estimated
at the first observation time (baseline model) as the initial model for the inversion at the next observation time, and is mainly
used for monitoring oil development (e.g., Asnaashari et al., 2014). However, these methods are very sensitive to differences
in data noise and the distribution of observation points at each observation time, and it has been pointed out that apparent
temporal changes can be easily detected (Kim et al., 2009; Karaoulis et al., 2010).

In this study, we propose a new 4D inversion method that uses structural coupling to detect time variations. Structural
coupling is a constraint used in joint inversion where different physical models (magnetization structure and density structure,
resistivity structure and seismic velocity structure) are combined to impose that each physical model has a high correlation.
Specifically, cross-gradient (Meju and Gallardo, 2004), fuzzy c-means clustering (Pasche and Tronicke, 2007), and Group
Lasso (Utsugi, submitted) have been proposed. By using these methods, each physical model has high correlation, while
allowing the differences in structure to partially reproduce each data set. By applying this method to the estimation of time
variation, the models at each observation time are highly correlated, so the time-invariant structure is in phase at each time,
and as a result the detection of apparent changes is suppressed, and differences in structure, or temporal changes, can also be
detected.

We have developed a 4D inversion code using structural coupling by Group Lasso for magnetic inversion, which is a linear
problem. As a synthetic test, we subjected the data at each observation time to noise with different amplitudes and standard
deviations, and performed a 4D analysis. The results suggest that our method has the effect of suppressing the apparent time
variation compared to conventional methods, and may be able to detect the time variation more accurately. In the future, we
will apply our method to resistivity inversion, which is a nonlinear problem.
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