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Numerical investigations of effects of spatial variations in physical properties on the man-

tle convection patterns
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A series of numerical simulations is carried out on the onset of thermal convection of Boussinesq fluid of an infinite Prandtl
number in a planar layer in the presence of spatial variation of physical properties such as viscosity, thermal conductivity anc
expansivity. The viscosity of the fluid is exponentially dependent on temperature, while thermal conductivity and expansivity
are linearly dependent on pressure (or depth). Based on the linear stability analysis, velocity and temperature distributions al
solved for infinitesimal perturbations for given horizontal wave number. We seek for the condition for the onset of convection
by changing the horizontal wave number of perturbation as well as the amplitudes of spatial variations in physical properties
(viscosity, thermal conductivity and thermal expansivity). Then, we examine influences on both the critical conditions and the
dominant flow patterns of spatial variations in those physical properties. From the changes in flow patterns with increasing the
amplitudes of temperature dependence of viscosity, we successfully identified the transition into the "stagnant lid” (ST) regime,
where the convection occurs only beneath a thick and stagnant lid of cold fluid at the top surface. We also found that the transitio
takes place regardless of the spatial variations in thermal conductivity and/or expansivity.

However, detailed analysis of the numerical results showed a quantitative difference in the critical condition for the onset of ST
convection due to the presence of spatial variations in thermal conductivity and expansivity. First, the horizontal wave number o
perturbation is decreased by the introduction of spatial variations in these properties. In particular, the variation in thermal con
ductivity can significantly reduce the wave number: the horizontal length scale of convection can be enlarged by up to 50% whel
viscosity is strongly dependent on temperature. Another difference can be found in threshold values of temperature dependen
of viscosity for the transition into the ST regime: the spatial variations in thermal conductivity slightly decrease the threshold
viscosity contrast, while those in thermal expansivity increase them. These two differences can be successfully reproduced &
our analytical estimates, which consider the thickness of stagnant lid and convective vigor beneath it.

The results of present studies indicate that, under certain conditions, the convection of fluids with strongly temperature-
dependent viscosity takes place which is characterized simultaneously by (i) large horizontal length scales of convective cells an
(i) thick stiff lid of highly viscous fluid above it. This is in a stark contrast with earlier numerical studies using constant thermal
conductivity and expansivity where the convection beneath stagnant lids is always associated with cells with small horizonta
length scales. Our findings therefore highlight the essential roles of the spatial variation of the thermal conductivity and therma
expansivity on the convection patterns in the mantle of terrestrial planets.
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Irregular motions of a typhoon near steep mountainous lands
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Evidence of the 2008 Iwate-Miyagi Nairiku Earthquake, of which moment magnitude is 6.9 and focal depth is only 6km
or less, was recorded in non-seismic observations such as atmospheric and electromagnetic observations. A CTBT infrasou
monitoring station at Isumi, Japan at an epicentral distance of 417km recorded air pressure variations excited by this earthquak
Clear two large wave packets having amplitudes of several pascals appeared in 1 minute and 20 minutes after the origin time. TI
earlier arriving packet was the Rayleigh wave coming together with the ground motion whereas the later one was the acousti
waves that had propagated in the atmosphere directly from the rupture zone.

A normal mode summation technique synthesizes this observational evidence based on a given realistic source mechanism
a one-dimensional joint model that consists of the solid Earth and the atmosphere extending from the center of the Earth to th
altitude of 1000 km. The simulation model parameters, e.g., the rupture velocity and the moment magnitude of each subevel
hypothetically placed along the fault, are determined through the framework of data assimilation, which is capable to provide no
only an optimum value but also a probability distribution function for each model parameter. The obtained synthetic waveforms
successfully account for the observed ones in the period raBfeseconds assuming a focal depth of 3-4km, which is shallower
than in the previously proposed models. Since the amplitude of such seismoacoustic wave is more sensitive to the focal dep
than seismic wave, a joint analysis with seismograms could give strong constraints on seismic mechanisms especially in the cas
of shallow earthquakes.

On the other hand, an electromagnetic observation using the HF-Doppler radar, which monitors ionospheric activities at th
same epicentral distance with the Isumi observatory, recorded the Rayleigh wave traveling in the ionosphere at an altitude c
250km. Our procedure also successfully reproduces this waveform with the optimum model parameters determined by the ir
version of the infrasound phenomenon mentioned above, although the assumed reflecting altitude is slightly lower than th
observation.
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The atmosphere is cooled from the top, indeed
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