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The geomagnetic field is essential for shielding the Earth from harmful cosmic radiation and maintaining the planet’s hab-
itability. To understand how the geomagnetic field has been sustained for over 3.5 billion years by dynamo action in the outer
core and to investigate the causes of temporal changes in the frequency of geomagnetic reversals, it is important to elucidate
the long-term dynamics of the outer core, considering the Earth’s thermal history. However, since direct observation of the
outer core is impossible and the fluid motions in the core are highly complex and nonlinear, numerical simulations have be-
come an essential and effective tool for exploring the temporal variations of the geodynamo, state and evolution of the Earth’s
interior.

In geodynamo simulations, control parameters are supposed based on the spatial scale of the dynamo region (i.e., the thick-
ness of the outer core), the physical properties of the outer core, the thermal and compositional buoyancy forces expected
within it, and the angular velocity of Earth’s rotation. In this study, as the first step toward constructing a geodynamo model
to explain long-term evolution of the Earth’s magnetic field, we estimate the time evolution of geodynamo control parameters
over the past 4.0 billion years, reflecting the Earth’s thermal history and long-term variation in Earth’s rotation rate. We will
employ a magnetohydrodynamic dynamo model using codensity characterized by four control parameters (Ekman number,
Rayleigh number, Prandtl number, and magnetic Prandtl number). For thermal history calculations, the code by Landeau et
al. (2022) that was based on the theory by Lister (2003) was utilized. The buoyancy forces considered in the calculations
include thermal buoyancy from the cooling of the outer core, thermal buoyancy from latent heat and compositional buoyancy
resulting from the release of light elements by crystallization of the inner core. These buoyancy sources are derived based
on the temporal variations of heat flow and temperature at the core-mantle boundary (CMB), as well as the time evolution
of the inner core radius. In this study, we assumed that the heat flow at the CMB has decreased linearly from 4.0 Ga to the
present, and calculated the thermal history, including the growth of the inner core. Calculations were performed in reverse
chronological order from the present to 4.0 Ga, and the results with different conditions were compared. The time evolution
of Earth’s angular velocity was assumed based on Touma & Wisdom (1994). These results were used to evaluate the time
evolution of the four control parameters, and the parameters applicable to numerical simulations were also estimated using
path theory by Aubert et al. (2017).

The results reported in this presentation are regarded as nominal variations of the control parameters under simple con-
ditions, including spatially uniform CMB heat flow. The framework established here provides a basis for addressing more
complex cases such that the heat flow of the CMB or physical quantities change in a complex manner over time. In the future,
following the approach by Olson et al. (2013), we will conduct numerical dynamo simulations that incorporate factors such
as spatially heterogeneous CMB heat flow in addition to the time variations in the underlying control parameters to elucidate
the physical mechanisms governing the long-term evolution and reversal frequency of the Earth’s magnetic field.
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