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Chapter 1  Atmospheric and Oceanic Simulation

The mission of this project is to develop advanced climate models which have a capability to explore new arenas of climate

simulations by fully utilizing the Earth Simulator. The project started at the beginning of the Earth Simulator operation. The

project consists of three model developments: an integrated earth system model, a cloud-resolving atmospheric general circu-

lation model, and an eddy resolving ocean general circulation model developments. The achievement of the year on the first

model is that global warming experiments by using the developed coupled carbon cycle – climate change model was per-

formed and it was shown that interactions between climate and carbon cycle act to enhance atmospheric CO2 concentration,

resulting in a positive feedback for global warming. On the second model, a 3.5 km-mesh global simulation on an aqua planet

setup was performed and the results were compared with satellite observation data. The simulation captured a hierarchical

structure of cloud system very well. On the third model, an eddy resolving world ocean simulation was successfully per-

formed by implementing biharmonic horizontal diffusion and biharmonic Smagorinsky-like viscosity. The mesoscale eddies

of world ocean were reproduced realistically. The eddy resolving simulation in the Southern Ocean also performed and calcu-

lated distribution of thickness diffusivity which represents the interaction between mesoscale eddies and ocean circulation.
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1. Development of an integrated earth system model
1.1 Development of a coupled carbon cycle – climate change

model 

1.1.1 Terrestrial carbon cycle model

Carbon cycle dynamics and CO2 release through land use

changes during the 20th century was investigated using our

coupled climate - terrestrial carbon cycle model. The results

showed that net primary production (NPP) and heterotrophic

respiration (HR) had been gradually increasing throughout

the century. On the other hand, net ecosystem production

(NEP: NPP-HR) had been almost always positive, meaning

that the terrestrial biosphere had been a sink for atmospheric

CO2. When the CO2 release through land use changes

(LUCefflux) is taken into consideration, however, the net

carbon uptake by (NEP-LUCefflux) often becomes negative.

LUCefflux is large in South-East Asia and Southern

America, and amounts to 49.2 PgC for the total of the 20th

century. It can be said that LUCefflux is a significant com-

ponent of the global carbon cycle.

NEP and LUCefflux averaged for 1980-1989 are +0.52 and

–0.56 Pg C yr–1, respectively, being much smaller in absolute

values than the figures calculated based on inventory data

(+2.40, –2.00 Pg C yr–1; Houghton, 2003). The simulated

budgets for NEP and LUCefflux may not be totally unrealistic

considering the model reproduces well the observed time evo-

lution of global mean atmospheric CO2 concentration. 

1.1.2 Carbon Cycle Embedded in an Atmosphere-Ocean

Coupled GCM

In the last FY (2004), we conducted a preliminary global

warming experiment with our coupled atmosphere - ocean -

carbon cycle model. The experiment was carried out for

demonstrative purpose without a careful parameter tuning. In

this FY (2005), a more credible experiment was re-performed

with a careful parameter tuning (especially for the terrestrial

carbon cycle model). A result of the re-experiment, with which

the extent of the feedback between climate and carbon cycle is

investigated, is shown in Fig. 1. The figure reveals that interac-

tions between climate and carbon cycle act to enhance atmos-

pheric CO2 concentration, resulting in a positive feedback for
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work of Kyousei 1a (PI: A. Sumi). The results showed that

sea level rise due to ice sheet melting is in the range of 5–8

cm at 2100, and 50–100 cm on a millennial time scale. It

turned out that the ice sheet can only reach an equilibrium

state on a time scale of 10,000 years, with a contribution of

2–4 m to sea level rise. Furthermore, an experiment was

conducted under climate conditions with a quadrupled CO2

concentration. Under this climate the modeled ice sheet

totally disappeared after a 3,000-year integration, resulting

in a contribution of 6m to sea level rise. The coding for the

fully coupled climate - ice sheet model has been completed

as stated in the implementation plan for FY2005. 

1.4 Improvement of the physical climate system model

The model top of our integrated earth system model was

extended from the former 30 km with 20 layers to 80 km

with 80 layers. The extension necessitated re-tuning work to,

e.g., adjust the radiation budget at the top of the atmosphere,

which has been accomplished by tuning of the large scale

condensation parameterization. Further tuning work is, how-

ever, necessary because the extended model yields distribu-

tions of surface temperature, aerosol, and outputs form the

terrestrial ecosystem model (Sim-CYCLE) worse than the

former version with 20 layers. Tuning on stratospheric circu-

lation was conducted in parallel with the tropospheric tun-

ing, and was finished with a satisfactory match with

observed fields. As for code optimization required to run the

model with so many layers and chemical tracers, the model

code was modified to utilize intra-node parallelization tech-

nique so that the atmospheric component can be run with

more nodes (max. 32 nodes) than the current 2 nodes.

2. Development of a global cloud resolving atmospheric
model
We have performed a 3.5 km-mesh global simulation on

an aqua planet setup using a global cloud resolving model,
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Fig. 1  Time evolution of atmospheric CO2 concentration obtained by

providing CO2 emission data as model input. The red line shows

the case where interactions between climate and carbon cycle are

considered, and the green line not. Units are ppmv.
Fig. 2  Stratospheric and tropospheric radiative forcing computed by

models participating in the model intercomparison project for

atmospheric chemistry aimed at IPCC-AR4 (Gauss et al, 2005).

Model #4 represents results from CHASER.

global warming. The main cause for the positive feedback is

enhancement of the degradation of soil organic carbon due to

warmer temperature. The difference in atmospheric CO2 con-

centration at 2100 between the two runs in Fig. 1 is 130 ppmv,

corresponding to about 1°C, which is a significant difference

for global warming projection. Sensitivity experiments with

different sets of parameters are being carried out to check the

rigidity of the present results, which are likely to be reflected in

the next IPCC report (AR4) to be published in 2007.

1.2 Development of a coupled atmospheric composition -

climate change model

Our integrated earth system is now equipped with the atmos-

pheric chemistry model CHASER and aerosol transport model

SPRINTERS, and the current status of the model is summa-

rized by Kawamiya et al. (2005). Extension of CHASER to

include stratospheric chemistry and to couple with the terrestri-

al ecosystem model Sim-CYCLE has been embarked. On the

other had, analysis on some CHASER-only experiments were

conducted, including those to project future atmospheric com-

position under SRES scenario and those under a model inter-

comparison project for atmospheric chemistry aimed at IPCC

Forth Assesment Report. Analysis for the latter has been con-

ducted involving scientists from across the world, who made

comparisons on impacts of tropospheric and stratospheric

ozone variation on global radiation budget. It was revealed that

radiative forcing due to stratospheric ozone variation is highly

model dependant (Fig. 2), indicating that the next focus should

be on how one models stratospheric ozone chemistry.

This sub-theme also includes activity to improve NICAM

(Non-hydrostatic icosahedral atmospheric model). In this FY,

efforts are directed to incorporate SPRINTARS in NICAM.

1.3 Development of a cryospheric climate system model

Experiments with our ice sheet model were performed to

investigate how Greenland ice sheet would respond to global

warming, and to what extent the response would impact on

sea level rise. The model was forced with data obtained from

the global warming experiments conducted under the frame-
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NICAM. The simulation captures a hierarchical structure of

cloud systems: deep convective towers, meso-scale system,

cloud clusters, super cloud clusters, and global scale convec-

tively coupled Kelvin waves. The statistics of cloud/rain

properties are directly compared with high-resolution satel-

lite data such as TRMM PR and GMS data. We are now

conducting global cloud resolving simulations with land-sea

distribution and realistic topography. Preliminary results

with 14 km-mesh experiment show that typhoons are realis-

tically simulated over the western Pacific (Fig. 3). With this

approach, we will argue cyclogenesis of typhoons, intrasea-

sonal variability of cloud systems in the tropics, and climate

sensitivity without ambiguity of cumulus parameterization. 

3. Development of a global eddy resolving ocean model
An advanced ocean model which can resolve mesoscale

eddies in global ocean is being developed. This model

makes it possible to simulate global ocean circulation with-

out mesoscale eddy parameterizations. A coarse-resolution

simulation of 1000 year time integration was performed last

year using this developed ocean model and it was confirmed

that the calculated results agreed well with conventional

model results. The biharmonic horizontal diffusion and

biharmonic Smagorinsky-like viscosity were implemented

this year and a high resolution simulation was performed.

Figure 4 shows the simulated sea-surface temperature distri-

bution. This high resolution simulation reproduced

mesoscale eddies of world ocean realistically.

In parallel, roles of mesoscale eddies in ocean circulation

is studied by using an ocean model developed by Tokyo

University. The calculation area is limited to the Southern

Ocean, which is one of the highest eddy active regions in the

world. The thickness diffusivity distribution, which repre-

sents the interaction between mesoscale eddies and large

scale ocean circulation, has been estimated (Fig. 5.). It is

shown that the diffusivity decreases sharply from the sea

surface and has a constant of approximately 300 m2s–1 value

under 600 m depth. The Labrador Sea is another area where

mesoscale eddies may play an important role. An eddy

resolving simulation with about 5 km mesh size is now

being carried out to study interaction between the deep-con-

vection and mesoscale eddies. 

Fig. 3  Global view of OLR simulated by 14km-mesh NICAM (left) and GMS/GOES-9 TBB image (right,

http://weather.is.kochi-u.ac.jp/) at Apr. 6, 2004, 00UTC. NICAM simulation is started from Apr. 1, 00UTC. 

Fig. 4  The calculated sea-surface-temperature (unit: Celsius) using the

developed ocean model.

Fig. 5  The depth dependency of the thickness diffusivity.  The averaged

value under 600 m depth is about 300 m2s–1.
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