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Summary

Correct and appropriate estimation of the depth of investigation (DOI) in electrical resistivity
tomography (ERT) studies is crucial for constructing geologic and hydrological models from field data
sets. Understanding the DOI allows for the validation of models resulting from inverse modeling. The
investigation depth typically refers to the depth below which surface (or airborne) geophysical data
obtained are not sensitive to the physical properties of subsurface layers of the Earth. In other words, it
is the depth at which the geophysical techniques used in an investigation become insensitive to
subsurface changes. Estimating this depth is essential for resistivity (DC) and induced polarization (IP)
investigations when interpreting the models obtained from inverse modeling. This is because the
structure beneath it has a greater depth of uncertainty compared to other parts of the inverted model and
must be carefully interpreted from a geological perspective. The depth of investigation is influenced by
various factors, such as receiver sensitivity, measurement accuracy, operating frequencies, ambient
noise level, exploration target characteristics, host rock, and data processing and interpretation
techniques. Several resolution indicators can be used to estimate the depth of investigation or to identify
possible artifacts in the electrical structures. Understanding the quantitative relationship between survey
depth and these factors is crucial for users to achieve their geological objectives, minimize unnecessary
survey costs, and uncover meaningful geological features. In electrical resistivity or induced
polarization (IP) tomography studies, the data, including apparent resistivity or apparent induced
polarization, is used to solve a nonlinear inverse problem. This problem is addressed through an
iterative process known as the Occam’s inversion method with appropriate physical constraints to avoid
unrealistic subsurface features. Accurate interpretation of the subsurface geological model relies on the
distribution of specific physical parameters, such as electrical resistance and chargeability, and enables
reliable depth assessment. This study presents an approach to calculate the detectable depth (DOI) in
electrical resistivity tomograms. Additionally, the sensitivity matrix (SM) and the sensitivity index to
the primary model (SIM) are employed for further investigation. To evaluate the proposed method, a
synthetic model and a real dataset are utilized. Numerical results obtained from synthetic and real data
demonstrate a strong agreement among all three criteria i.e., DOI, SM, and SIM. It is worth noting that
insufficient information (data) leads to increased uncertainty in the inverted cross-section, resulting in a
decrease in the DOI index, a decrease in sensitivity, and an increase in the SIM value.

Keywords: Depth of investigation (DOI), electrical resistivity tomography (ERT), fréchet derivatives,
uncertainty quantification
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