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Globa warming simulation for IPCC AR4 has been conducted by using the high-resolution climate model, which was
developed last year (Sumi, 2003). Various simulations are conducted following IPCC guidance and these results are submitted
to IPCC Data Center. Warming of the global averaged surface temperature is consistent to the previous estimate. However,
regiona climate change in the East Asia is obtained. That is, the subtropical High south of Japan and the Ohotuku High is
intensified and precipitation associated with the Baiu-front is increased. Hot summer day is 3 times increased. Snow accumu-
lation in winter along the Japan Seais decreased. New information about the Kuroshio is firstly obtained, that is, the location
of the Kuroshio separation from Japan is unchanged but the intensity of current isincreased. This is due to the intensification
of the Aleutian Low. Compared with the medium resolution model results, alarge differencein SST is noted.
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1. Summary of the 2004 fiscal year

The main objective of our research effort of this fiscal
year was to finish the model integration for IPCC AR4 and
provide the data to PCMDI. Requested runs are (1) a control
run, (2) 1% increase run, (3) 20 century climate change run,
and (4) mixed layer run to evaluate climate sensitivity.
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These runs are computed by using the high-resolution and
the medium-resolution climate models. These runs are
shown in Fig. 1. Due to the resource alocation of the Earth
Simulator, we have succeeded in finishing a of the compu-
tation. After the finish of the computation, we have dedicat-
ed to analyze results.
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Fig. 1 A summary of simulation runs for TPCC AR4. Thick lines mean the runs by the high-resolution model
and thin lines mean the runs by the medium resolution model. (Top) represents |PCC Scenario runs,
(middle) represents 1% increase run and (bottom) is a mix-layer run to evaluate the climate sensitivity.
Figure.1 Summary of runsfor IPCC AR4.
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2. Global Aspects

First, the global features are analyzed. In Fig. 2, the
change of the globally averaged surface temperature of the
various runs is presented. In the control run, there remains
no climate drift. It should be noted that a flux adjustment is
not used in our model. It is one of the successes that we have
developed a climate model without a flux adjustment. In the
1% run, globally averaged surface temperature increase cor-
responding to doubling CO2 is approximately 2.8 degree,
which is consistent to the previous estimates. The same com-
putation was done by using the medium resolution climate
model (thin line). By comparing results of the high resolu-
tion with the medium resolution, there is little difference
between these two model results. This is because the same
physical processes are plugged in the models, athough its
performance is sensitive to the model resolution.

Global distributions of surface temperature increase (top)
and precipitation change (bottom) due to CO2 doubling are
shown in Fig. 3. Genera features that temperature increase
is larger especially over the continents in the high latitude is
consistent to the previous results (IPCC, 2001). Precipitation
increase over the Asia Monsoon region is noted, which is
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Fig. 2 Increase of global averaged surface temperature due to different
scenarios. Stability runs are also presented. 2 x CO2 Fix means
that after CO2 is doubled, CO2 concentration remain to be fixed.

A1B (B1) + Yr2100 Fix means that CO2 is increased following

also consistent to the previous resullts. R o
A1B (B1) scenario until 2100 and is fixed after 2100.
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Fig. 3 (Top) the increase of the surface temperature due to 1% CO2 increase run. It is a twenty-year average value
(61-80). (Bottom) Precipitation change due to doubling CO2.
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As our model has the high-resolution, the smaller scale
feature is well represented, for example the far-reaching
effect of the Hawaiian Islands are well represented in the
high-resolution climate model (Sakamoto et. Al, 2003).
Similarly, the regional aspects of climate change can be
expected to be demonstrated. One example is the regional
climate change over the East Asia. For countries in the East
Asia, behavior of the Baiu-Meiyu front is very important and
one of the objective for development of the high resolution
climate model is to represent the Baiu front well (Sumi,
2003). Figure 4 represents the regional climate change over
the East Asia due to the CO2 doubling. It is noted that there
remains the Baiu front in the early summer and the precipita-
tion is increased. The subtropical anti-cyclone south of the
Japan is intensified. This is considered to be due to the
enhancement of the convective activity in the tropical
region. This result is confirmed by using the time-slice
method where various SST anomalies given in IPCC-TAR
are used. It should be pointed out that these features are con-
sistent to the impact of ENSO in the present climate.

Another interesting feature is the existence of the
Ohotuku High. In the global warming run, surface tempera-
ture in the northern part of the Eurasian continent is
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increased, which may be considered to be one of the reason
for the enhancement of the Ohotusku High.

3. Regional aspects

Local climate features are well represented by using high-
resolution models. For example, an influence of the
Hawaiian Islands in the present climate can be well simulat-
ed by the high-resolution model (Sakamoto et al., 2004).
Therefore, it is expected that aregional climate change asso-
ciated with the global warming simulation is better repre-
sented. As one example, we will discuss the behavior of the
Kuroshio to the north of Japan, because its behavior is very
important for the Japanese society. Here, we should recall
that the sensitivity of resolution to the Kuroshio is demon-
strated in the stand alone OGCM experiments with given
wind stress. In Fig. 5, the climate change of SST off the
Japan Island in the high resolution and the medium resolu-
tion models are presented. It is the differences between 60-
80 year averages in the 1% CO2 increase run. It is well
noted that there exists a large difference between two fields.
Especially, large differences are noted in the northern Pacific
Ocean east to the Japan (Honsyu) Island. The difference in
the Arcitic region is due to the difference in the sea-ice dis-
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Fig. 5 SST increases due to the doubling CO2 in the high resolution model (left) and in the medium resolu-

tion model (right).
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tribution, which is due to the difference of the performance
between two ocean components in the Arctic Sea. This
aspect will be discussed in the separate paper. Here, we will
concentrate in the difference of the northern Pecific Ocean
east to Japan (Honsyu) Island.

These differences are considered to be due to the behavior
of the Kurosho currents off the Japan in both models. In the
medium resolution model, the Kuroshio tends to flow north-
ward; however, the Kuroshio is separated from the Japan
Island around 35N in the high resolution model. When the
global warming occurs, the Kuroshio tends to move further
northward in the medium resolution model, although the
location of the Kuroshio extension remains at the same |ati-
tude in the high resolution runs. On the other hand, the speed
of the Kuroshio Current is intensified in the high resolution
climate model. These differences are corresponding to the
change of the representation of the Japan Island and surface
wind stress between two models.

The mechanism of the Kuroshio separation has been dis-
cussed (Dengg, 1993: Marsca and Tansley, 2001; Tanseley
and Marshal, 2004) and the shape of the coast line of the
Japan Island is critical(Mitsudera et al., 2005). As the coast
line of the Japan Island is well represented in the high reso-
lution model, the Kuroshio separation is considered to be
well represented in the high resolution model. This result is
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also suggested by the OGCM experiments. In order to con-
firm this conclusion, the high resolution atmosphere model
coupled with the medium resolution ocean model is run and
the results are compared with the results of the high resolu-
tion and the medium resolution climate models (see, Fig. 6).
The Kuroshio current is separated from the Japan(Honsyu)
Island at 35 N and flow eastward with meandering in the
high resolution climate model (Top right in Fig. 6). On the
contrary, the Kuroshio current tends to flow northward along
the Japan Island and tends to eastward along 40 N in the cli-
mate model with the medium resolution ocean component
(bottom right and left in Fig. 6). No meandering is found in
the medium resolution model. This feature is mainly deter-
mined by the resolution of the ocean component model. The
high resolution atmosphere contributes to the SST distribu-
tion through the air-sea interaction. It is noted that SST is
lower in the coupled model of the high resolution atmos-
phere (bottom right in Fig. 6) and the medium resolution
ocean model than the medium resolution climate model (bot-
tom left in Fig. 6). It is concluded that the resolution of the
ocean component in the climate model is critical for the
behavior of the Kuroshio (see, Fig. 6).

The Oyashio current is also simulated around the
Hokkaido in the high resolution climate model, athough it
tends to be weaken in the medium resolution model. This

Hl—ocn.

45N 4

40N

35N

30N

25N

126E  130E  136E  140E  145E  150E

MID—ocn. Hl—atm. L

45N

40N

35N {7

30N

25N
125E

130E

135E  140E  145E  150E

0.4

Fig. 6 SST and ocean currents around the Japan Island by different climate models. (Top right) the high-resolu-
tion atmosphere model coupled with the high-resolution ocean model, (bottom left) the medium resolu-
tion atmosphere model coupled to the medium resolution ocean model, and (bottom right) the high-reso-
|ution atmosphere model coupled to the medium ocean model.
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Fig. 7 Change of surface winds in the doubling CO2. (Left) the high-resolution climate model and (right) the medium

resolution climate model.

difference of ocean currentsis considered to be forced by the
difference of wind stress over the northern Pacific Ocean
(see, Fig. 7). The difference of the current speed is due to the
difference of the wind stress. The surface wind difference
results from the difference of the cyclone intensity in the
Aleutian area.

4. Process Studies

Many process studies are conducted to understand the rea-
son why and how the global warming occurs. One of the
important issues is the climate sensitivity. Main difficulty of
the climate sensitivity is that we don't know what is the cli-
mate sensitivity in the real world. If we have the observa-
tional constraint about the climate sensitivity, we can tune
the climate sensitivity of the model to the observed value. In
our project, the possibility is proposed by using the cooling
due to volcanic eruption. Fortunately, we have the high sen-
sitivity model and the medium sensitivity model. First sys-
tematic survey was conducted by using these two versions
and it is suggested that the medium sensitivity mode is more
suitable (Y okohata et al., 2005).

Systematic experiments for the 20 century climate run
was also conducted under the full range of climate forcing. It
is noteworthy that besides the time sequence of the globally
averaged surface temperature, the horizontal distribution is
also well represented. By comparing the various runs chang-
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ing the external forcing, it is concluded that the contribution
of the CO2 to the global warming cannot be neglected
(Nozawa et. a, 2005)
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