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12.2. Research Activity
In this research team, a pioneering research, which suggests the direction of future climate
simulation, will be conducted. In order to raise the reliability of climate model more than the current
status, we aim to construct a climate model based on more theoretically physical principles.
Such a model needs tremendously large computer resources. Therefore, it is necessary to design the
model to pull out the capability of computers as much as possible. Recent development of
supercomputers has a remarkable progress, however, new numerical techniques may be needed
under the collaboration of hardware research and software engineering for effective use of them on
the future HPC, including K computer.
For the above research achievement, our team is cooperating with the computational scientists in
other fields and computer scientists. We enhance the research and development including effective
techniques and make a next-generation climate model. Now, establishment of the above basic and
infrastructure research on K Computer is required. This kind of research also leads to post K
computer or subsequent ones. we have been continuing to conduct three ongoing projects and started
two projects from this fiscal year.
1.

Construction of a new library for climate study:
We have proposed the subject “Estimation of different results by many numerical techniques
and their combination” as a synergetic research to MEXT in 2011 through the discussion with
the Strategic 5 fields (SPIRE).

2.

Grand challenge run for sub-km horizontal resolution run by global cloud-resolving model:
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In order to achieve an outstanding simulation on K computer in climate field, our team are
conducting the simulation with super-high resolution This work are done in cooperation with
the SPIRE3.
3.

Feasibility study of Exa-scale computing using the general circulation model:
The project of G8 Research Councils Initiative

“ICOMEX” has been started from 2011

autumn. Through this project, a part of our team does the feasibility study of Exa-scale
computing by the global cloud resolving model and conduct the inter-comparison between the
existing icosahedral models.
4.

Feasibility study to the future HPCI:
In order to clarify what can be contributed from computational science to the socio/scientific
field, “the Feasibility Study to the future HPCI” funded by MEXT has started from this fiscal
year. RIKEN/AICS are now leading the investigation of contribution from the application side.
The executive office was established in our team. We are organizing the application community
of computational sciences.

5.

Disaster prevention research in establishment of COE project:
Hyogo-Kobe COE establishment project has accepted 5 subjects in the last year. One of
subjects is “the computational research of disaster prevention in the Kansai area”. In this
subject, one of sub-subjects is “Examination of heavy-rainfall event and construction of hazard
map”, which our team is responsible of.

12.3. Research Results
Construction of a new library for climate study:
We are working on research and development of a library for numerical models in fluid dynamical
field especially in meteorological field. We examine feasibility of numerical scheme and methods
and develop new ones which are suite on massive parallel computers especially K computer. In order
to validate the schemes and test their performance in atmospheric simulations, we are developing an
atmospheric large-eddy simulation model. Using this model, we performed standard benchmark test
cases from ideal one to realistic one, such as the gravity current experiment (Straka et al. 1993), the
squall line experiment (Redelsperger et al. 2000), the stratocumulus experiment (Stevens et al. 2005)
and so on. We obtained reasonable results in comparison with results in previous studies, and then
confirmed validity of schemes implemented in our model. Figure 1 is a result of gravity current
experiment with 1.56125m resolution. A fractal shape structure of spiral due to Kelvin-Helmholtz
instability can be seen. Realistic structure of cold pool, cumulus, and velocity is simulated in a
50m-resolution experiment on squall line (Fig. 2). Figure 3 is a result of a high-resolution
stratocumulus experiment and it shows that it well simulate features of stratocumulus observed in the
real atmosphere. It is expected that unknown processes, such as its transition to shallow cumulus,
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would be clear with such high resolution experiments. High-resolution experiment on Martian
planetary boundary layer for a planetary exploration project is going on using this model with Center
for Planetary Science and researchers of planetary science. Our proposal on this study was accepted
for general use of K computer by HCPI (project id: hp120076). Heavy rain simulation in urban area
for preventing disaster is also started with Hyogo/Kobe local government, Kyoto University, and
Kobe University.

Figure 1: Potential temperature at time=570sec in a
gravity current experiment with 1.5625m resolution.

Figure. 4, Horizontal structure of convective cell
at height of 2.1km in a Marian planetary
boundary layer experiment. Color tone and vector
show vertical velocity and horizontal velocity,

Figure 2: Horizontal-vertical cross section of
rain water content (purple), othere water content
(gray), temperature deviation from initial value
(contour), and wind velocity (vector) in a squall
line experiment with 50m resolution.

Figure 3: Could water in a stratocumulus experiment with 5m
isotropic resolution.

Adding to these activities, we started collaboration with almost all major atmospheric model
developing groups in Japan including Japan Meteorological Agency in developing a common basic
library and environment for atmospheric models. Purpose of this activity is corporation in
development of numerical code and sharing problems and knowledge for future atmospheric
simulations. We are leading this activity, and held some meetings and workshop on this activity as
listed below:
1.
2.
3.

Meeting on atmospheric models, May 2012, Tokyo
Workshop on data analysis and numerical calculations on geophysical fluids – Current status and future plan of
atmospheric/climate models in Japan -, Dec. 2012, Nagoya
Meeting on common basic library and environment for atmospheric models, Mar. 2013, Tokyo

Grand challenge run for sub-km horizontal resolution run by global cloud-resolving model:

Figure 5 Detail of time and efficiency for each major
component of NICAM. The size of each pie is proportional
to the computational time. Each percentage represents Figure 6: Weak scaling results of NICAM on the K
computer. Line represents performance efficiency
performance efficiency.
99 and Bars are elapsed time for 40 steps simulation.

Optimization of NICAM on the K computer
The optimization of NICAM on the K computer was carried out in collaboration with our team and
application development team. We made cache optimization for stencil operators at first. Despite the
efficiency of more than 10% was obtained in each kernel, total application performance was
improved only 1%. Then we identified the part where time-consuming (large elapse time with less
computation) by inserting a large number of floating-point counter and the time counter. As a result
of these works, we obtain the total efficiency of about 10%. Figure 5 shows the detail of efficiency
and elapse time in each major component. Figure 6 shows the result of weak scaling. It remains in
the performance efficiency of ~1% reduction when we execute the model with more than 10000
nodes (80000 cores). We have good results for the almost full-node (81920 nodes) experiment. The
performance of NICAM on the K computer obtained as a result of these optimizations enables the
simulation such as long-term calculation, ensemble experiments, and ultra-high resolution
experiments.
Grand Challenge run
We have first succeeded in conducting a Grand Challenge simulation, which includes global
simulation with extremely high horizontal resolution (0.8 km) and 96 vertical levels, and simulations
with varying the resolution from 30 km up to 0.8 km. We investigated the characteristic of deep
moist convection in each simulation. Deep moist atmospheric convection which horizontally extends
from 1 to 10 km is the element of cloudy weather disturbances such as tropical cyclones. Because of
its essential importance, the convection has been modeled with special attention. However, it has
been difficult to explicitly simulate the convection in global circulation models due mainly to
resolution and computer performance. We used the 6 different global simulations whose horizontal
resolutions is 30 km, 14 km, 7 km 3.5 km, 1.7 km and 0.8 km respectively. We defined uniform
method to detect the deep convection area and convection core grid and applied to each simulation.
It was revealed that the characteristics of the simulated deep moist convection (upward velocity,
total number, areal ratio of convection core, and distance to the nearest convection core) were
dramatically changed between the 3.5 km and 1.7 km resolutions. Thus, the present results suggest
that the spatial resolution needs to be less than about 2.0 km to resolve the deep convection(Fig.7).
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Figure 7: Resolution dependences of
convection characteristics: (a) the number of
convection, (b) the maximum vertical velocity,
(c) the ratio of the area of convection core to
that of convective grids, and (d) the grid
distance to the nearest convection. The
thin—dashed line in (a) indicates log x4 as a
reference. GL08 denotes 30 km horizontal
resolution, while GL13 indicates 0.8 km
resolution.

Improvement of icosahedral grid and its family:
For stable, accurate, and cost-effective simulation in the icosahedral grid, smoothness and
homogeneity are important grid properties. From this viewpoints, we investigated the grid properties
and found that the stability of the spring dynamics grid decreases as the resolution increases using
the standard method. To avoid this instability, the natural spring length should be shortened, while
this decreases the grid homogeneity. To overcome these disadvantages, we devised a new
grid-generation method that combines the spring dynamics method with a zero spring natural length
and transformation by a smooth analytical function. Using this method, we found that the grid
performance (homogeneity) improved at most resolutions, with the greatest increase at high
resolution. We examined the grids using test case 1 of D. L. Williamson et al. (1992) and found that
the proposed grid worked well in terms of accuracy and tolerability against CFL constraints.
Further, in pursuit of a computational resource cost-effective atmospheric general circulation model,
a grid enhanced in the tropics was developed. The tropics-enhanced grid has about 60% of the
number of grid points as the icosahedral grid. Conducting the aqua planet experiment by a
quasi-uniform icosahedral grid and the grid enhanced in the tropics, we compared these results.
ICOMEX project

Figure 8. Zonal mean latitude-vertical profile of zonal wind and
temperature for NICAM and ICON: shown values are time
averaged among 1000 days after 300 days spin-up. For NICAM,
horizontal resolutions for GL05, GL06, and GL07 are 240 km, 120
km, and 60 km, respectively. A horizontal resolution for ICON
R2B4 is 160 km. Positive zonal wind means westerly wind.

Figure 9: kinetic energy spectrum at 10 km
height for NICAM and ICON: the values are
calculated using u, v, and w component, and
time averaged for 500 days. For NICAM,
horizontal resolutions for GL05, GL06, and
GL07 are 240 km, 120 km, and 60 km,
respectively. A horizontal resolution for ICON
R2B4 is 160 km.

The ICOsahedral-grid Models for EXascale Earth system simulations (ICOMEX) is the consortium
for the climate models development toward the exascale computing. Participated are NICAM
(Japan), ICON (Germany), MPAS (UK and US), and DYNAMICO (France) model teams. The
Japan team works on the model inter-comparison to be synergistic among working groups. Although
all the participated models use the icosahedral-grid, the discretization methods are different. We
focus on both physical and computational performance.
We prepared three experiment settings. As the first step, to check physical performance, we prepared
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experiment setting for three test cases, which are statistical climate test, deterministic baroclinic
wave test, and realistic climate test. Test production has been started for NICAM, ICON, and
DYNAMICO.
Held and Suarez (1994) test case was carried out in NICAM and ICON. The profiles of temperature
and zonal wind are shown in Figure 8. Temperature profiles and westerly jet were simulated
reasonably both in NICAM and ICON. Figure 9 is power spectrum of kinetic energy at 10 km height.
It is also reasonable that a spectrum by simulated in higher resolution has longer tail for high
frequency side than spectrum tail in lower resolution.
Jablonowski and Williamson (2004, 2006) test case which is a deterministic test of baroclinic wave
has been performed by using NICAM, ICON, and DYNAMICO. Wave shape and its phase are
reasonable for all three models.
Feasibility study to the future HPCI:
FY2012, 5 general meetings were held and extraction of social/science subjects, which should be
resolved in the next generation HPC. We also discussed about them with the other communities. The
report can be found in http://hpci-aplfs.aics.riken.jp/.
Hoygo-Kobe COE establish project:
In this year, we launched the consortium of the computational research of Disaster prevention for
Kansai area with Kyoto University and Kobe University, based on the Hyogo-Kobe COE. The
kickoff meeting was held in AICS in January 2013.
12.4. Schedule and Future Plan
In the next year, we will continue to construct the numerical library for K computer and release the
1st version of library until the end of FY2013. At the same time , we will give an insight into what
kind of the time integration method is promising on K computer and future HPC from the viewpoints
of computational and physical performances. Through this project, we will organize and lead the
meteorological numerical community for common library towards the post-Peta scale computing.
Grand challenge run by NICAM will be also continued in cooperation with 3rd Strategic Field
Project. The statistical properties of deep convection and convergence of grid refinement will be
investigated and clarified in detail.
In the ICOMEX project, we also continue to do model inter-comparison. So far, all participated
model are ready to compare each other. Focusing on the physical performance, four models are
inter-compared through such as aqua planet experiment.
On the Feasibility study, the science roadmap will be further brushed up with inside/outside
researchers. The office of this project in our team will continue to organize the meeting and enhance
the discussion. The estimation of the systems, which is proposed by 3 system-design teams will be a
mission of this project. This will be performed with 3 system-design teams.
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On the COE establishment project, we have a plan to use the SCALE library. In the next year, we
add several components such as city-model and start to research the mechanism of heavy-rainfall in
Kansai-area with collaborated organization.
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