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We have examined the possible effect of solar rotation on the tropical convective cloud activity based on the data of outgoing
longwave radiation (OLR) for AD1979-2004. The signal of 27-day solar rotational period has been most significantly detected
around the Indo-Pacific Warm Pool, but only at the maxima of the eleven-year solar cycle. The amplitude of the 27-day variation
in OLR is about 10-20% of overall variability.

The connection between cloud activity and solar rotation can be possibly explained by solar-related parameters such as sol
irradiance, solar-UV, solar wind, and solar and galactic cosmic rays. In order to identify the possibility of cosmic-ray influence on
cloud activity at this time scale, we have analyzed the OLR data more in detail, taking into account the characteristics cosmic-ra
27-day variation caused by the drift effect of cosmic rays in the heliosphere. In this paper, we report the preliminary results of
the analyses obtained so far.
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Temperature and ozone response to the 11-year solar cycle in the ensemble MRI-CCI
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Ensemble simulation was made with the chemistry-climate model of Meteorological Research Institute (MRI-CCM) under
the CCMVal REFB1 scenario, in which observed forcings of SST, sea-ice, greenhouse gases, halogens, the 11-year solar cyc
and volcanic aerosols are given. The integration period covers 46 years from 1960 to 2006. Multiple linear regression analysis |
used to isolate specific signals from the anomalies in temperature and ozone data using reference variables of the mean value,
linear trend, the QBOs at 20 and 50 hPa, the volcanic aerosols of huge volcanic eruptions, El Nio/Southern Oscillation (ENSO)
and the 11-year solar cycle. As an ensemble average of the annual-mean solar signals, MRI-CCM reproduced observed featt
of ozone in the tropical stratosphere: the first maximum in the lower stratosphere and the second one in the upper stratosphel
Analysis of temperature and ozone solar signal for each member reveals that the first ozone maximum comes from a chemic
effect of intensified UV radiation and cooling due to upwelling and that the second one is a dynamical effect due to transport of
ozone-rich air accompanying downwelling.
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The global cloud-system-resolving model, NICAM, successfully simulated the lifecycle of Tropical Storm (TS) Isobel that
formed over the Timor Sea in the austral summer 2006. The multiscale interactions on the lifecycle of the simulated storm have
been analyzed in this study as the large-scale and meso-scale aspects. The westerly wind burst accompanied by the onset «
Madden-Julian Oscillation (MJO) event over the Java Sea enhanced the cyclonic shear and convergence in the lower troposphe
providing the pre-conditioned large-scale environment for the genesis of Isobel. In the subsequent evolution, five stages are ide
tified for the simulated Isobel, namely, the initial eddy, intensifying, temporary weakening, re-intensifying, and decaying stages.

At the initial eddy stage, small-/meso-scale cyclonic vortices (eddies) developed in the zonally-elongated rainband organize
in a convergent shear-line in the lower troposphere over the sea north of Java. As the MJO propagated eastward, the cyclor
eddies moved southeastward with intensifying convective activities, showing the signal of cyclogenesis over the Timor Sea. As
result of multi-vortex interaction/merging in an environment with enhanced low-level cyclonic vorticity and weak vertical shear,
a typical tropical cyclone structure developed, leading to the birth of Isobel (intensifying stage). An approaching subtropical
high from the southwest exposed Isobel to a large-scale stretching deformation field with strong vertical shear. This change le
to the development of asymmetric structure in the inner core of Isobel and interrupted its intensification, causing a temporar
weakening (temporary weakening stage). As the vertical shear weakened and changed the direction in response to the upper-le
northerlies, Isobel re-intensified in response to the reformation of its eyewall as a result of the inward spiraling rainband that wa:
formed on the downshear left side (re-intensifying stage). Finally Isobel decayed due to the land effect as it approached the lan
and made landfall in northwest Australia (decaying stage).

A multiscale interaction associated with the genesis of Isobel has been investigated. It is clear that the large-scale cycloni
shear closely related to the WWB in the MJO provided a favorable condition for deep convection over the sea north of Java. Th
deep convection was accompanied by small-scale high low-level cyclonic potential vorticity with diameters less than 40 km, very
similar to the so-called vortical hot towers discussed by previous studies (e.g., Montgomery et al. 2006). Isobel thus formed a
a result of the following events: increased cyclonic shear due to the WWB, collective heating from the vortical hot towers, the
merging and strengthening of low-level potential vorticity of the hot towers, and eventually the axisymmetrization of meso-scale
features by the storm-scale low-level cyclonic circulation over the sea south of Java.
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The main goals of climatology are to reveal the climate change and ascertain the cause of it. The climatic records during
the geomagnetic field reversal would be the most suitable to examine the geomagnetic impact on climate, a long-term dispute
subject. We report that the climate changes from marine oxygen isotope stage (MIS) 31 to 17 based on the palynological dat
from the Osaka Bay core. During this period, two geomagnetic polarity reversals occurred during interglacial periods; the Lower
Jaramillo (LJ) and the Matuyama-Brunhes (MB) polarity reversals in MISs 31 and 19, respectively. The climate changes well
accord with marine oxygen isotope variations which are dominated by the Earth’s orbital elements. However, the climates of
MISs 31 and 19 have an anomalous cooling event, which cannot be explained by the Milankovitch theory. Both cooling events
are almost correlated with the time of low-geomagnetic field intensity (below 20-30% of a normal intensity) just before the main
polarity boundaries, and the warming occurred in conjunction with the geomagnetic field intensity recovery. More than 60% of
increase in CR flux is estimated for such low field intensity. Such an increase in CR flux would cause cooling by 2-3 deg. C, es:
timated by the cloud radiative forcing. The same degree of cooling can be estimated by applying the modern analogue techniqt
to palynological data. These lines of evidence demonstrate a link between the Earth’s magnetic field and climate.
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A viewpoint of non-equilibrium thermodynamics is useful for the investigation of environmental phenomena such as climate
changes and the oceanic circulation [1,2]. Especially, the entropy production is a useful quantity because it works as a potenti
function for the system of our concern under certain conditions [1,2]. It is defined as the time derivative of entropy produced
inside the system. We have been investigating the change in entropy production and the flow of entropy in a nested reactior
diffusion system in order to seek for a universal rule for the time evolution of non-equilibrium dynamic systems.

We firstly examined the relation between the entropy production and the pattern dynamics in a simple reaction-diffusion sys:
tem [3-5], and revealed that the entropy production can be used as an index of self-organized patterns. Then, by introducing
newly defined chemical potential, we showed the way to calculate the entropy flow [5]. The entropy flow is the time derivative
of the entropy that is produced through the interaction between the system and its environment. Concomitantly, the sum of th
entropy production and the entropy flow can be calculated as well. This sum is called the entropy change.

We applied this method to calculate these thermodynamic quantities when a reaction-diffusion system sustained self-replicatin
pulses. The result indicated that the entropy change depends on the dynamics of the system. The entropy change converge:
zero when the pattern in the system looks quiescent (i.e., a quasi steady state is achieved), whereas it moves away from ze
while the pulse self-replicates. Consequently, the entropy change varies proportional to the speed of the pattern developmel
Therefore it might be regarded as the thermodynamic distance from a steady state. This property is coincident with an intrinsi
property of entropy as a state function of a system.

Next, we considered a nested open system. Dealing with a nested system is important for better understanding of nature, ev
through mathematical models, because of the following reason. We used to introduce a steady assumption for the environment
a mathematical model. However, this is a rough approximation of nature. In an environmental system or in a biological system
for example, both the system of our concern and its environment have their own dynamics and interact each other through th
open boundary of the system. Sometimes biological systems seem to make their profits of such interactions, and this could t
expected similarly in a dynamical geo-system.

Our nested system consists of two subsystems: a bath and a one-dimensional reaction-diffusion medium. The bath is
continuously-stirred tank reactor which is connected with its environment. We assume that only one of chemical species (tht
substrate) flows into the bath from its environment, and all chemical species can flow out from the bath to the environment. The
one-dimensional medium is immersed in the bath and all the chemical species in the bath can diffuse in and out from the mediur
across its surface. In the presentation, we will show that mutual interactions between the medium and the bath causes in tt
medium a new quasi-stable state that cannot be realized when the dynamics of the bath is stable. We will also refer to the relatic
among the dynamics and thermodynamic quantities and revisit the meaning of the 2nd thermodynamic law.
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