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The Earth is not isolated from space and astronomical dynamics, which play a crucial role for the variability of terrestrial

environment in different time-scale. However, it is not well understood yet how the evolution of terrestrial environment is related

to the outside of the Earth. The objective of the Earth Simulator Project “Space and Earth System Modeling” is to advance our

understanding for the variability of terrestrial environment caused by the dynamics in space. In FY 2011, we have continued the

development of the several simulation models for sun-earth connection systems for cloud and global circulation in earth’s atmosphere

as well as solar flares, respectively.
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1. Introduction

Earth’s environment is not isolated from the outside of the
atmosphere as well as from the interior of the solid earth. In
fact, the several evidences indicate that there is clear correlation
between the climate variation and sunspot activity. Also it is
widely believed that giant volcanic eruption may impact the
worldwide climate. However, the mechanism whereby the solar
activity may affect the climate is not well understood yet.

Earth Simulator Project “Space and Earth System Modeling”
was established in order to understand the mutual relationship
between the surface environment and the activity in space. In
FY 2011, we have continued the development of the several
numerical models which will compose a space climate system
simulation. They are the cloud simulation in terms of super-
droplet method, the global circulation model for the study
on the galactic cosmic ray and climate relation, and the
magnetohydrodynamics simulation for solar flares. In the
following sections, we will explain about the detail of the each

particular model.

2. Simulation study on the bistability of the cloud-
rain system
Although clouds play a crucial role in atmospheric
phenomena, the numerical modeling of clouds remains

somewhat primitive. We have developed a novel, particle-
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based, probabilistic simulation scheme of cloud microphysics,
named the Super-Droplet Method (SDM), which enables
accurate numerical simulation of cloud microphysics with less
demanding cost in computation [1]. The SDM is implemented
on the Cloud Resolving Storm Simulator (CReSS), which is a
well-established cloud-resolving model developed by Tsuboki
et al., and we call this new model the CReSS-SDM.

In 2011 FY, we started to challenge the bistability hypothesis
of clouds, originally proposed by Baker and Charlson [2]. They
suggested that clean/precipitating and dirty/non-precipitating
atmosphere could be both stable under a certain atmospheric
condition. This phenomenon is considered to occur as a result of
the interaction between cloud/rain particles and aerosols, hence
the CReSS-SDM is a suitable tool for addressing this open
problem.

For the first step, we added three more microphysical
processes into the CReSS-SDM: the Brownian coagulation of
aerosols, the Brownian scavenging of aerosols by rain droplets,
and the nucleation of aerosols. All of these processes play
important roles in the bistability scenario.

Next, we performed a series of simulations to see how
the aerosol nucleation rate affects the equilibrium state of
precipitating trade-wind cumuli system. The simulations are
carried out using a set-up based on the RICO composite case

defined in Ref. [3] and corresponding to atmospheric state
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Fig. 1 Average rain water path for various aerosol nucleation rates. Rain droplets suddenly disappear when the nucleation rate is larger than 10° /m’/s.

This could be a glimpse of the bistability of the cloud-rain system

measured and modeled in context of the Rain in Cumulus over
Ocean (RICO) field project [4]. We compared the equilibrium
states of the system for various aerosol nucleation rates. In
Fig. 1 we can see rain water path suddenly goes to zero when
the nucleation rate is larger than 10° /m*/s. Although further
careful investigations are necessary, this result may suggests the

bistability of cloud-rain system.

3. Influence of cloud droplet size to climate

The purpose of this study is to investigate the influence of
changes in size of cloud droplets may give to the earth surface
air temperature, using a coupled atmosphere-ocean general
circulation model (GCM), called CFES (Coupled model For
the Earth Simulator). The last year, we conducted a set of 10-

year simulations with different cloud droplet sizes. This year,
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Fig. 2 Time series of monthly-global mean surface air temperatures.

Black curve is for the control run, blue the half run, and red the
double run.
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we continued the simulations for 10 more years in order to get
more reliable statistics. First, CFES was spun up for 100 years
with a default size of cloud droplets. The control run afterward
was run for 20 years further without changing the diameter
of cloud droplets (control run). Two sensitivity experiments
were performed for 20 years by suddenly making the diameter
of cloud droplets half (half run) and double (double run). The
global mean surface air temperature decreased 3.7 K in the half
run and increased 3.7 K in the double run within 20 simulation
years. The cross section of a cloud droplet increases with 17,
where r is the droplet radius, while the number density of cloud
droplets decreases with r°. This explains the colder (warmer)
climate for the half (double) run.

There are some feedback processes in the climate system.
Figure 2 shows the time series of global and monthly mean
low cloud amount. The low cloud amount increases in the half
run while it decreases in the double run. The low clouds are
known to cool the earth’s surface temperatures [5]. While the
mechanism is not clear, yet, the changes in low cloud amount is
a positive feedback and enhances cooling and warming induced

by the droplet size change.

4. Predicting the onset of solar flares
Solar flares and coronal mass ejections are the most

catastrophic events in our solar system, and they sometimes
impact the terrestrial environment and our infrastructure.
Although these solar eruptions are widely believed to be driven
by magnetic energy stored in the solar corona, what triggers their
onset remains poorly understood. Hypotheses for the trigger
mechanism include the emerging flux model, which proposed
that the small magnetic flux emerging onto the solar surface may
lead to the solar eruptions. However, what kind of the emerging

flux is capable to trigger the eruptions is unclear. This severely



limits our capacity to predict the occurrence of solar eruptions
and forecast space weather. In this study, we systematically
survey the nonlinear dynamics caused by emerging fluxes in
terms of three-dimensional (3D) magnetohydrodynamics (MHD)
simulations, and find that there are two different types of small
magnetic structures triggering the solar eruptions.

The first type of magnetic structure causing flares is called
the opposite polarity type, in which the small magnetic bi-
pole opposite to the major magnetic polarity in an active region
drives the solar eruption as shown in Fig. 3 A-C. The second
type is called the reversed shear type, in which the cancellation

of magnetic shear on the polarity inversion line may cause
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the onset of eruption (see Fig. 3 D-F). We have compared the
simulation results and the data of Hinode solar observation
satellite, and found that major flare events can be classified
into these two types. These results suggest that solar flares

are predictable if we can measure the detail structure of small

magnetic field triggering solar eruption [6].

Fig. 3 Typical results of solar flare simulations for the two different scenarios: The left column [panels A—C] and the right column [panels D—F] are

for the opposite polarity type and the reversed shear type scenarios, respectively.
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