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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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Modeling of Atmospheric and lonospheric Perturbations Excited by Large Earthquakes
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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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Rainfall interception under a fractal sunshade
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Estimation of horizontal eddy diffusion coefficients in convective mixed layers
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Numerical simulation of tropical disturbances by using GCM-Cloud resolving coupled

model
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Development of a general circulation model for planetary atmospheres : Simulation of the

Earth’s atmosphere
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On the Spectrum of Normal Vibrations of Viscous Compressible Stratified Fluid in the

Atmosphere and the Ocean
On the Spectrum of Normal Vibrations of Viscous Compressible Stratified Fluid in the

Atmosphere and the Ocean

andrei giniatoulliné*
GINIATOULLINE, andrei'*

llos andes university
llos andes university

The exponentially stratified fluid can be considered as describing the density of the Atmosphere or the Ocean in the homoge

neous gravitational field of the Earth.

For the model of viscous compressible barotropic exponentially stratified three-dimensional fluid, we investigate the structure
and localization of the spectrum for the problems of the normal oscillations. We find a sector of the complex plane to which all
the eigenvalues belong. We consider both the cases of geophysical viscous fluid and the geophysical inviscid fluid.

0O 000 0O stratified fluid, internal waves in the Atmosphere and the Ocean, viscous barotropic fluid, normal oscillations, eigen-

values, spectrum, mathematical fluid dynamics
Keywords: stratified fluid, internal waves in the Atmosphere and the Ocean, viscous barotropic fluid, normal oscillations, eigen-

values, spectrum, mathematical fluid dynamics
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Impact of arithmetic asymmetries on simulated thermodynamical ice-sheet evolution
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Numerical ice sheet model experiments sometimes exhibit
asymmetries in the solutions despite the symmetric conditions
imposed. ldentifying the arithmetic asymmetry in the models as
one of the reasons for symmetry breaking through loss of trailing
digits, this paper presents a numerical procedure to preserve the
symmetries by restructuring of the order of the floating-point
evaluation of the equations in the numerical ice sheet model.
Reexamination of the series of experiments in the HEINO topic of
the ISMIP demonstrates that small perturbations triggered by
arithmetic asymmetries significantly amplify to cause qualitative
differences in the simulated ice-sheet evolutions. Itis
imperative to apply a symmetric scheme to maintain overall
symmetries for the simulation of ice-sheet evolution, at least
under such highly idealized configuration.

Keywords: Numerical model, Ice sheet, Asymmetry
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Dynamic role of the weak continental margin on the stability of continental lithosphere:
A 3D mantle convection model

oo oo
YOSHIDA, Masaki*
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It is still difficult to find the conditions which allow both stable cratonic lithosphere and plate tectonics in the numerical
modeling of mantle convection (e.g., Yoshida, 2010, Yoshida and Santosh, 2011). A three-dimensional (3D) numerical mode
presented herein makes it possible to model the cratonic lithosphere that survives for a geologically long period of time, i.e.
over ten billion years (Yoshida, 2012). In the present model, the lateral side of the highly viscous cratonic lithosphere (CL) is
surrounded by the weak (low-viscosity) continental margin (WCM), such as the tectonically mobile (orogenic) regions.

Numerical results show that an important factor in the longevity of cratonic lithosphere is the localized rheological (viscosity)
contrast between the cratonic and oceanic lithospheres, i.e., the presence of the WCM. The WCM protects the cratonic lithosphe
from being stretched by the surrounding convection force. In addition to the presence of the WCM, the higher viscosity of the
cratonic lithosphere itself effectively contributes to the stability of the cratonic lithosphere, as suggested by the previous numerica
modeling. However, the results of the present study suggest that the WCM plays a primary role in the longevity of cratonic
lithosphere, even if the viscosity contrast between the cratonic and oceanic lithospheres is quite* hayig ft@e high-viscosity
of cratonic lithosphere may play a secondary role in the longevity of cratonic lithosphere. The combination of the presence of ¢
WCM and the high-viscosity of cratonic lithosphere may realize the longevity of cratonic lithosphere that survives for over two
billion years.

Future studies based on numerical modeling must address the geodynamic mechanisms of (1) the origin and growth of tf
continental crust, (2) the episodic growth of continental crust, and (3) the creation and destruction of continental crust relatec
to subduction zone processes. In particular, the mechanism of crust production and growth should be incorporated in a futur
numerical model in order to investigate the hypothesis that plate tectonics creates and destroys continental crust over time. Su
a study would test whether the geologically suggested episodic emergence of supercontinents are realized in the numerical moc
(e.g., Yoshida and Santosh, 2011).
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Rotating convection of a liquid metal by laboratory experiments and numerical simula-

tions
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We performed laboratory experiments of Rayleigh-Benard convection on a rotating table by using liquid gallium, to see the
effect of Coriolis force on the flow pattern in low Prandtl number (Pr) fluids. The vessel we used has a square geometry with
aspect ratio five; convection is driven by bottom heating and top cooling. The range of Rayleigh number (Ra) i$ i@ 01,0
and the Pr of liquid gallium is 0.025. The range of Taylor number (Ta), which is proportional to the square of the rotating speed,
is from 0 to 10. Flow patterns were visualized by ultrasonic velocity profiling method, and convective flow structures with time
variation were clearly observed. We compared the results with the experiments using water (Pr=6) in the same geometry.

We also made up codes for numerical simulation of thermal convection with Coriolis force, to compare with the results ob-
tained by these laboratory experiments. Theoretical studies for the onset of instability indicates that the critical Ra is proportiona
to Te/3 in an asymptotic form, and the state of overstability occurs for Bt6. Our numerical result reproduced the relation of
critical Ra on Ta, depending on Pr. Convection patterns above the critical Ra are consistent with that observed in the laborator
experiments. We analyzed the global structure and its time variations.
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Oscillation on surface of water over rotating disc
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