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Abstract

Since the 1990s, with the continuous increase of geomagnetic observation satellites, the method of
geomagnetic sounding has entered a stage of rapid development. The excitation sources for geo-
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magnetic sounding are the magnetic layer ring currents and the ionospheric daily variation (Sq)
currents. Among them, the induced magnetic field changes caused by the magnetic layer ring cur-
rents have a period of several days to several months, providing information about the conductiv-
ity of the lower part to the lower mantle (500~1600 km) in the mantle transition zone. The in-
duced magnetic field changes caused by the ionospheric Sq currents have a period mainly ranging
from 4 hours to 1 day, providing information about the electrical structure from the upper mantle
to the upper part of the transition zone (100~500 km). In order to study the electromagnetic re-
sponse generated by ionospheric currents, this paper, based on the spherical harmonic analysis
method, reconstructs the ionospheric Sq currents using existing minute-sampled geomagnetic
station data. Subsequently, based on different Earth models, it simulates the electromagnetic field
generated by these currents on the Earth’s surface using the integral equation method.
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Figure 1. Global distribution of geomagnetic stations
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Figure 2. Distribution of surface magnetic field at P = 1 order
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Figure 3. Global 1D conductivity model used in forward modeling
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Figure 4. Global 3D conductivity model used in forward modeling
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Figure 5. Distribution of total surface magnetic field in P = 1 Order 1D earth model forward modeling
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Figure 6. Distribution of total surface magnetic field in P = 1 Order 3D earth model forward modeling
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Figure 7. Distribution of total surface magnetic field in P = 2 Order 1D earth model forward modeling
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Figure 8. Distribution of total surface magnetic field in P = 2 Order 3D earth model forward modeling
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