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New experiments of global warming projection were carried out based on the SRES A2 stabilization and overshoot scenar-

ios using the CCSM3 coupled climate model. The projection results suggest that the shutdown of thermohaline circulation is

unlikely to occur even at high greenhouse gases concentration level at year 2100 from the A2 scenario. However, the ocean

environment in arctic region was projected to be dramatically changed. With regard to the development of high-resolution

coupled climate model, the Whole Atmosphere Community Climate Model and the high-resolution sea ice model were intro-

duced in FY2005. Furthermore, high-resolution regional ocean models are applied to know the global warming effects on the

regional ocean surrounding Japan, such as the Sea of Japan.
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1. Introduction

This research project consists of two goals: One is to con-
duct global warming projection experiments using medium-
resolution coupled climate model and the other is to develop
high-resolution coupled climate model. For the first goal, we
conducted global warming projections based on the SRES
A1B and B1 scenarios in FY2004 [1]. In this fiscal year, we
have conducted new experiments based on the SRES A2
scenario that has higher green house gas (GHG) concentra-
tion levels than the A1B and B1 scenarios. This is to con-
tribute to the discussion about the emission reduction of
GHGs and appropriate target for GHG stabilization.

For the second goal, we have newly introduced the Whole
Atmosphere Community Climate Model (WACCM) as an
atmosphere component of our high-resolution coupled climate
model. In addition, we have started development of the high-
resolution sea ice model which has the spatial resolution of
about 1/10 degree. Furthermore, very high-resolution regional
ocean models are being developed and applied to estimate

global warming impacts, especially, on the Sea of Japan.

2. Global warming projection based on SRES A2
stabilization and overshoot scenarios
Global warming projection experiments based on the SRES
A2 stabilization and overshoot scenarios were carried out to
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obtain scientific knowledge needed for the discussion on tar-
get levels for the GHG stabilization. In the experiments, we
used the medium-resolution CCSM3 [2] which consists of
T85 atmosphere model and one degree ocean model. Fig. 1
illustrates the atmospheric CO, concentration employed in the
experiments: the GHG concentrations are held fixed at the
level of year 2100 in the stabilization experiment. The over-

shoot experiment consists of two phases: the first one is linear
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Fig. 1 Atmospheric CO, concentration employed in global warming

projection experiments. "A2-B1" and "A1B-B1" denote over-
shoot profile from A2 to B1 and from A1B to B1, respectively.
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decline phase from year 2150 till 2250, where GHG concen-
trations decrease from the A2 level to the B1 level, which is
followed by the stabilization phase where GHG concentra-
tions are constant at the B1 level. The initial conditions at
year 2100 are taken from SRES A2 scenario experiment con-
ducted by National Center for Atmospheric Research [3].
Time series of globally averaged annual mean surface air
temperature is shown in Fig. 2. The temperature increase
throughout 21st century under the A2 scenario is 3.7 degree
C, while temperature increases under the A1B and B1 sce-
narios are respectively 2.5 and 1.5 degree C. One of the fea-
tures in the A2 stabilization result is higher temperature rise
through the stabilization phase. The temperature rise during
22nd and 23rd centuries under the A2 stabilization scenario
is about 1.2 degree C, while the increases under the A1B and
B1 scenarios are respectively 0.5 and 0.1 degree C. With
regard to the A2 overshoot experiment, there can be seen no
significant hysteresis effect in the globally averaged temper-
ature. [t almost recovers to the B1 level in 25th century.

Figure 3 shows time series of maximum stream function
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Fig. 2 Time series of globally averaged annual mean surface air
temperature.
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Fig. 3 Time series of maximum stream function of meridional overturning

circulation in North Atlantic (51-year running mean, below 500 m).
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of meridional overturning circulation (MOC) in the North
Atlantic. The MOC stream function decreases to about 14 Sv
in the mid 22nd century. However, it gradually recovers in
the rest of the experiment under the stabilized GHG condi-
tion. Furthermore, the MOC in the A2 overshoot experi-
ments recovers very rapidly and it reaches the B1 level in the
mid 23rd century. These results imply that the reduction of
MOC under the A2 scenario could not lead to dangerous
anthropogenic interferences, such as the shutdown of MOC.
Figures 4 shows time series of annual mean sea ice area in
the northern hemisphere. The sea ice decreases gradually in
the A2 stabilization experiments and this is similar to the A1B
and B1 stabilization experiments. Hysteresis effect in the A2
overshoot scenario experiment is not significant and the sea
ice area almost recovers to the B1 level. The seasonal cycle of
arctic sea ice area is shown in Fig. 5. The reduction of sea ice
area in summer season is dramatically. The disappearance of
arctic sea ice continues for almost 6 months of a year at the
end of 23rd century under the stabilized GHGs at the A2 level.
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Fig. 4 Time series of annual mean sea ice area in northern hemisphere.
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Fig. 5 Seasonal cycle of sea ice area in northern hemisphere at the end
of 20th, 21st and 23rd centuries.



3. Development of high-resolution atmosphere model

The atmosphere component of the high-resolution atmos-
phere-ocean coupled model we are developing as a final
product is based on the WACCM (http://waccm.acd.ucar.
edu/waccm.html). The WACCM is an interactive dynamical
and chemical general circulation model (GCM) extending
from the surface to the lower thermosphere near 150 km.
The vertical resolution is enhanced so that it has 66 vertical
levels with intervals of approximately one-half of the local
scale height above 65 km, 1.75 km near the stratopause, and
1.25 km in the lower stratosphere and troposphere. The
WACCM is based on the software framework of the
Community Atmosphere Model version 3 (CAM3). The
dynamical and transport equations are solved using the
explicit flux-form semi-Lagrangian scheme of Lin and Rood
[4]. This numerical method calculates explicitly fluxes in and
out of a given model volume, thus ensuring mass conserva-
tion. The chemistry module is derived from the three-dimen-
sional chemical transport model for ozone and related chemi-
cal tracers [5]. The WACCM is being used for studies of the
structure and composition of the atmosphere and its potential
changes over the next 100 years.

In addition to the development of the high-resolution cou-
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pled model, we apply the WACCM as a stand-alone model
to climate change studies featuring its facility. In this proj-
ect, we focus on atmospheric impacts of 11-year solar vari-
ability. The purpose of this solar cycle study is to identify
any physical mechanisms whereby solar variability affects
the state of the atmosphere. Currently, many fundamental
questions regarding the impact of solar variability on the
atmosphere remain unresolved. Successful attribution of
changes due to solar variability is necessary to better isolate
changes that may be brought about by human activities, such
as the increase in the concentration of greenhouse gases.

In FY2005, we installed the latest (version 3) model on the
Earth Simulator with appropriate code optimization and con-
ducted short-term runs to adjust physical processes mainly
for the scheme of the gravity wave drag. Gravity waves grow
in amplitude as they propagate upward and break at critical
levels, leading to turbulence and dissipation. This scheme
plays an important role to produce realistic zonal-mean flow
and thermal structure at higher atmospheric levels. Figure 6
illustrates zonal-mean zonal winds of model climatologies in
January and July with comparison to observed data. The spa-
tial distributions, such as an easterly (westerly) jet in the

summer (winter) hemisphere and local minima near 90 km,
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Fig. 6 Zonal-mean zonal winds in January and July from 5-year averaged results from the control run below
120 km (a and b), and observed data by COSPAR International Reference Atmosphere 1986 (¢ and d).

Contours are drawn by 10 m/s interval.
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are reasonably simulated by the model. Also, it is confirmed
that simulated troposphere climate is mostly equivalent to
that simulated by its base model, CAM3.

Then, we conducted a long-term (~100-year) run to inves-
tigate the influence of solar variability on climate.
Wavelength-resolved solar irradiance is specified as a func-
tion of observed solar radio flux at 10.7 cm (F10.7). We also
conducted a 40-year run with fixed solar minimum condi-
tions to consider the model's internal variability. All bound-
ary conditions not related to the solar cycle are held constant
or climatological annual cycles. Results from these experi-
ments show some impacts of the solar cycle on monthly
temperatures and zonal winds. In general, correlations
between the temperatures and F10.7 are statistically signifi-
cant in most latitudes over 80 km and in latitudes of high
insolation near the maximum of ozone heating. In addition
to these general responses, some significant correlations are
seen in specific locations and months. We will further inves-
tigate these responses focusing on indirect impacts of the

solar cycle on the lower stratosphere and the troposphere.

4. Development of a high resolution ocean - sea ice
coupled model

Mixing process of a meso-scale eddy plays an important
role in the ocean heat transport by a western boundary cur-
rent, and the air-sea gas exchange following surface water
mass subduction at high latitude. In FY2005, the test on cou-
pling of the high resolution ocean model and sea ice model
was carried out using the flux coupler.

Figure 7 shows the schematic diagram of the high resolu-
tion ocean model - sea ice model coupling procedure. The
study on the high resolution sea ice model has been limited
as against many researches of ocean models. The perform-
ance of the high resolution sea ice model (CICE) was inves-
tigated on the same global 0.1 degree resolution grid as used

in the ocean model. The sea ice is classified into five cate-
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Fig. 7 Schematic diagram of high resolution ocean model (POP) and

sea ice model (CSIM) coupling procedure.
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gories based on their thickness. The mixed layer ocean was
applied as the oceanic boundary condition, where tempera-
ture is calculated prognostically, and the result of high reso-
lution ocean model was used as the monthly averaged ocean
current distribution. The thickness of the ocean mixed layer
was assumed everywhere as 10 m, although which is unreal-
istic in subduction area. NCEP reanalysis data was used as
the monthly atmospheric boundary conditions.

Figure 8 shows the sea ice concentration in the northern
and southern hemispheres. The lower plates show the calcu-
lated result of high resolution sea ice model. The middle
plates show the satellite observational data by SMMI. For
the comparison, the calculated sea ice concentration by mod-
erate resolution sea ice model (1 degree) in the couple model
CCSM3 are shown in upper plates. In the 1 degree model,
the ice extent area is larger in some extent, especially in
Antarctic region. The calculated ice concentration distribu-
tion and sea ice extend are improved in the 0.1 degree
model, compared with the 1 degree model. However, too
much ice is formed near Greenland, which is attributed to

unrealistic setting of the shallow mixed layer depth. The

March September
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Fig. 8 Calculated sea ice concentration using 0.1 degree sea ice model
(lower plates). Upper and middle plates show the calculated
result by 1 degree model (CCSM3) and observational data by
SMMI, respectively.



abrupt decrease of ice concentration at the edge of sea ice
area seems to be caused by inconsistency between the calcu-
lated sea ice extent area and the ocean current distribution in
the mixed layer ocean, which is estimated from the separate-
ly calculated 0.1 degree ocean model result.

5. Development of high-resolution regional ocean model

Our main goal is to know the global warming effects on the
regional ocean surrounding Japan, such as the Japan Sea. The
development of the high resolution regional model is primari-
ly important to make reliable prediction of the future Japan
Sea circulation suffering from the global warming influences.

In this fiscal year, we tried to develop the high resolution
regional model, focusing on three themes, 1) the reproduc-
tion of the past Japan Sea oceanic structure, 2) the analysis
of the ultra-high resolution model of the Japan Sea, 3) the
application of the high resolution Japan Sea model. The
model used is the RIAMOM which is a three dimensional
ocean circulation model with free surface.

1) The reproduction of the past Japan Sea oceanic structure
To predict the future of the Japan Sea oceanic structure, it
is necessary to simulate realistically the past oceanic struc-
ture of the Japan Sea. The simulated structure of 1940's
shows many features similar to those of present structure,
but much deeper open ocean winter convection than the
present one as shown in Fig. 9. The fact that the winter con-
vection in the past does not reach the bottom suggests that
the bottom water formation takes place in relation to the sea
ice formation in the continental shelf and break area. In fact,
the T-S diagram simulated could not show the salinity maxi-
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mum at the bottom.

The Greatbatch method [6] for the parameterization of
eddy induced volume transport to reproduce the observed
deep mean current was tested. Obtained deep mean flow was
compared well with observed one.

2) The analysis of the ultra high-resolution model of the

Japan Sea

The ultra high-resolution, 1/36°, enabled us to construct a
new schematic surface circulation of the Japan Sea with
many findings as shown in Fig.10. The first branch of the
Tsushima current flowing along the Japanese coast, the
development of southwestward summer coastal jet along
Russian and Korean coast, and current reversal from south-
west to northeast along North Korean coast generated by an
anti-cyclonic wind vortex of winter monsoon south of
Vladivostok, etc. are realistically reproduced.

The ultra high-resolution also highlighted the small scale
energetic disturbances at the Tsushima Straits with scales of
5-10 days and 50-100 km which are observed by the ADCP
measurement between Pusan and Hakata using a ferry boat
"Camellia".

3) The application of the high resolution Japan Sea model
Using the Japan Sea circulation model developed through
this project, various applications were carried out. The forecast-
ing system of the Japan Sea was established in October, 2004.
Short (5days) and long (2 month) range forecasts are provided
through the home page (http://jes.riam.kyushu-u.ac.jp). This
forecasting system enables us to predict the behavior of the
Echizen Kurage (Nomura Jellyfish) in the Japan Sea as a joint
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Fig. 9 Vertical sections of temperature along 135°E.
Left: 1940's, Right: present.

25



Annual Report of the Earth Simulator Center April 2005 - March 2006

| .
Summer circulation
RIAMOM 1/36°

/

Winter circulation
RIAMOM 1/36°

d

Fig.10 A schematic surface circulation of the Japan Sea.

study with the Fisheries Research Agency (FRA), the behavior
of spilled oil and the Kyucho associated with typhoons, which
appears frequently around Noto peninsula.
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