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This project consists of three themes that are relatively independent. The corresponding three teams develop an integrated
earth system model, a cloud-resolving atmospheric general circulation model with the icosahedral grid system, and an eddy-
resolving ocean genera circulation model with the cubic grid system, respectively. On the first theme, results are introduced
from a preliminary experiment with fully-coupled climate - carbon cycle model, experiments on climate - chemistry interac-
tions with the atmospheric chemistry component model, and an attempt to improve gravity wave drag parameterization. On
the second, global cloud-resolving simulations are performed with an agua planet setup using Nonhydrostatic |1Cosahedral
Atmospheric Model (NICAM). It is found that the simulations with grid intervals of 7 km and 3.5 km well capture observed
hierarchical structure of clouds from cloud resolving to global scale and show realistic properties such as eastward moving
super cloud clusters. On the third, results from the eddy-resolving ocean model, which is computationally more efficient than
models with the traditional lat-lon grid system, are shown. Analysis on the eddy buoyancy flux convergence indicates that
eddies act to flatten the tilting of isopycnal surfaces in the Southern Ocean.

Keywords: earth system model, carbon cycle, icosahedral grid, global cloud-resolving model, global eddy-resolving model,
cubic grid

1. Introduction pheric chemistry. The resolution for the atmosphere is

This project is developing three different models, namely,  T42L20. The ocean model has 44 vertical levels, azona reso-
an integrated earth system model that includes both physical lution of 1.4°, and a spatially varying meridional resolution of
and biogeochemical components forming the earth's climate, 0.5°-1.4°. It is planned to extend the model top, which is cur-
a cloud-resolving atmospheric general circulation model rently ~ 30 km, to the upper stratosphere with a sophisticated
with the icosahedral grid system, and an eddy-resolving  parameterization of gravity wave drag. Results from a prelim-

ocean genera circulation model with the cubic grid system. inary experiment for climate - carbon cycle feedbacks show

Since the development of the three models is being conduct-

ed in a relatively independent manner, the objectives and Global mean CO; concentration .,

backgrounds of model development are described separately %00 - Coulpmd I I I

in the following sections devoted to the respective models. . |— ggﬁ%‘éﬁ"ecj i
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2. Development of an integrated earth system model

The first theme corresponds to Kyousei-2, a MEXT project
to develop a model where biogeochemistry and physical cli- 200
mate system mteram_:t W|th efa\ch cher. The t_;ievelopment is 1850 1900 1950 2000 2050 5100
conducted by coupling existing biogeochemical component Fig. 1 Development of atmospheric CO2 concentration obtained by
models with an atmosphere-ocean coupled climate model. As providing CO2 emission data as model input after 1900. The red
of March 2005, the current version of the integrated model line shows the case where interactions between climate and car-
includes carbon cycle for both land and ocean, and tropos- bon cycle are considered, and the blue line not. Units are ppmv.
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Fig. 2 Temporal evolution of global mean methane concentrations projected for SRES (left) A2 which isa
high case, (middle) A1 which is an intermediate case, (right) B1 which is alow case from 2000 to
2100. Solid lines show results from the simulations with climate change as well as emission changes,
with dashed lines for the control simulations with emission changes only (using present climate).

significant differences from those of two preceding studies[1,
2] in that our model exhibits much weaker feedback between
carbon cycle and climate change (Fig. 1). Experiments with
the atmospheric chemistry component model CHASER show
that there are significant differences in future atmospheric
composition projected by the model depending on whether
one considers interactions between climate change and chemi-
cal reactions in the atmosphere (Fig. 2). While attempting to
improve gravity wave drag parameterization for the strato-
sphere, it has been revealed that gravity wave drag directly
derived from explicitly resolved gravity waves shows signifi-
cant dependence on the resolution.

As a whole, Kyousei-2 exhibits a steady progress. It is
expected that the integrated model, when completed, will
profit the entire community for climate research by enabling
direct researches on interactions among sub-systems that
have formerly been studied in separate disciplines.

3. Global cloud resolving calculations for aqua planet
experiments

The aim under this theme is to develop a super-high reso-
Iution atmospheric generation circulation model that explic-
itly resolves cloud motions with a few-kilometer grid inter-
val in the horizontal directions. To achieve this goal, we are
developing a new model based on quasi-uniform grids,
which is suitable for the Earth Simulator. The new atmos-
pheric model is based on the nonhydrostatic equations and
the icosahedral grid (Fig. 3) [3], and is called Nonhydrostatic
| Cosahedral Atmospheric Model (NICAM).

We have run a global cloud resolving run on the aqua
planet [4]. Thisis astatistical run including moist processes:
direct calculations of radiative-convective equilibrium on a
prescribed sea surface temperature on the globe. This experi-
ment is a first step to evaluate climate sensitivity with
explicit cloud calculation. We performed a 3.5km-grid
model run for 10days, which compares the run with the
7km-grid model for 30days after the spin-up run with a
14km-grid model for 60days [5]. Fig. 4 shows a snapshot of
the global precipitation obtained with the 3.5-km mesh
model. This captures a multi-scale structure of clouds from a
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few km to the global scale. The super cloud clusters, whose
longitudinal size is about 3,000 km, are propagating east-
ward with a phase speed about 30-40days traveling around
the equatorial circle, and shows the convectively-coupled
Kelvin wave structure (Fig. 5). These properties are similar
to observations. This experiment is a first global cloud
resolving run and can be used as a study of direct interaction
of clouds and radiation, which is one of the most ambiguous
factors of the current climate simulation.

Fig. 3 lcosahedral grid.

Fig. 4 Global distribution of precipitation obtained with the 3.5km-
mesh model at day 85 for the agua planet experiment. Units are
log (precipitation/(mm day™)).
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Fig. 5 Hovmoller section of precipitation averaged over 2N-2S latitudes
for the 7km-run.

4. Cubic-grid ocean model for long-term integration
with an eddy resolving resolution

In order to study mesoscale eddy activities in the ocean,
an ocean general circulation model which has high physical
and computational performance has been developed. The
model employs a cubic-grid system to improve the computa-
tional performance. A long time-integration is carried out to
evaluate the physical performance. Fig. 6 shows the calculat-
ed meridional stream function after 1000 year integration.
For comparison, that of a lon-lat model is also shown. The
result of the cubic model agrees very well with that of the
lon-lat model. Fig. 7 shows the relation between the maxi-
mum grid size and time step width. The time step width of
the cubic model is at least 5 times longer than that of a rotat-
ed lon-lat one and the high computational performance of
the new model is clearly shown.

By using high computational capability of the Earth
Simulator, the distribution of the eddy buoyancy flux con-
vergence (EBFC) in the Southern Ocean (Fig. 8) is obtained
in detail for the first time in the world by using the COCO
model. The distribution contains rich information regarding
the role of eddies to large scale ocean current. It shows that
the intensity is strong in the ACC and Agulhas Retroflection
region. In the ACC, the EBFC is positive on the poleward
flank and negative on the equatorward flank of it. In Drake
Passage and Argentine Basin, the negative EBFC regions are
located on the north of Subantarctic Front and the positive
regions are located on the south of Polar Front. In the east
of the Kerguelen Plateau, the strong negative (positive)
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Fig. 6 Meridional stream function in Sv of cubic (top) and longitude-
latitude (bottom) grid systems after 1000 yr integration.
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Fig. 7 Relation between maximum grid size and time step width . The
circles denote the time step width of successful integration, while
crosses denote that of failed integration.
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Fig. 8 The eddy buoyancy flux convergence at 2000 m depth. Units are
4 x 108 ms®.
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region exists on the north (south) of Polar Front. In Agulhas
Retroflection region, the EBFC is positive on the north side
of the Agulhas Current and negative on the south side of it.
The EBFC distribution contributes to flatten the tilting of
isopycnal surfacesin these regions.
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