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As analyses for IPCC AR4 was completed in the previous year, various research projects relating to the future development
of the coupled atmosphere-ocean coupled model have been conducted in this year. Several results are presented.

First, detection of extreme events in a near-term climate prediction has been investigated, because we think that the near-
term prediction on the global warming becomes more and more important. It is demonstrated that a number of a hot summer
day will increase. Secondly, a hindcast experiment by using a high-resolution OGCM has been conducted. This is done for
confirming a performance of the ocean component model in the atmosphere-ocean coupled mode. It is shown that variability
in the northern Pacific Basin is well simulated not only at sea surface temperature but also in the mid-ocean. This means that
the ocean component model captures well the ocean dynamics itself. Thirdly, difference of transient responses for the global
warming due to horizontal resolution is investigated. It is shown that there are little differences in a equilibrium response but
there exist differences in a transient response. This is due to the difference of ice-albedo feedback and ocean heat-uptake.
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1. Introduction initial-value problem. For example, Stott and Kettleborough

A high resolution atmosphere-ocean coupled model has (2002) reported that the results are relatively independent on
been developed in this project and global warming simula- emission scenarios in 30 year time-scale, which is positive
tion results obtained by this model are presented in IPCC ~ aspect. However, amplitude of natural variability is large
AR4 (the 4-th Assessment Report). Our model has the high- and signal due to the global warming is small. In other
est horizontal and vertical resolution in atmosphere-ocean words, signal-to-noise ratio is small in the 30-year simula-
coupled models, which participate in the IPCC AR4.  tion. Then, the possibility of detection of climate change
However, there remain a lot of problems and continuous should be investigated.

effort should be conducted to improve the model. In order to In this study, the signal-to-noise ratio is examined by
contribute the model improvement, various research activi- using extreme events of the temperature. By using MIROC-
ties have been conducted in this fiscal year. medium (T42L20 AGCM), 30 year simulation from 2001

to 2030 was conducted. 10 ensemble members were comput-
2. Detection of extreme events in a near-term climate  ed from different initial conditions. An ensemble averaged
prediction temperature increase is 0.97K, which is in the middle of
One of the critical issues about the global warming is reli- temperature increase given by IPCC models. Daily mini-
ability of the simulation. Although our knowledge about the =~ mum temperature in the summer time (TN) is investigated.
climate system is recently increased very much, there are When TN is higher of 95% percentile of climate value
many unknown processes and parameters, which cause (1951-1970), it is defined as a hot summer night. Then, fre-
uncertainty in the global warming simulation. When we con- quency of hot summer night is compared with the climate
sider the reliability, we should pay attention to the time-scale, value (1951-1970). Then, a ratio between these two climates
because physics responsible for uncertainty is different due to (RF95) is defined in the following way;
the time-scale. Sumi (2006) proposed to introduce two time- RF95 = averaged TN days (2011-2030)/averaged TN
scales, that is, 30 year prediction and 300 year simulation. In days (1951-1970).
30 year prediction, we may investigate the global warming IF RH95 > 1, a hot summer night will be increased.
phenomena through a framework of an initial-value problem. Similarly, RF95 for 1981-2000 is computed. Results are
Of course there is no guarantee that we can treat it as the shown in Fig. 1. First, effectiveness is checked. RF95 in
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Fig. 1 (a) RF95 in 2011-2030 averaged by 10 members. (b) RF95 in 1980-2000 averaged by 10 members.

(c) RF95 computed by observation.

1980-2000(Fig. 1 (b)) is compared with RF95 due to obser-
vation (Fig. 1 (c¢)). Difference over the Alaska and the north-
ern Siberia is noted and the model results are relatively small
compared with observations. In general, increases over the
continents are well simulated, and it is clearly shown that
RF95 in 2011-2030 is greater than 1 all over continents in
Fig. 1 (a). Due to these results, it is concluded that a number
of hot summer night will increase in 2011-2030. Robustness
of this result is investigated by comparing differences
between members. It is concluded that the extreme event of
temperature may be robust in the 30-year simulation.

However, further research is necessary for precipitation.

3. Hindcast experiment by using a high-resolution

OGCM

In order to evaluate a performance of the ocean compo-
nent model in the atmosphere-ocean coupled model, a hind-
cast experiment from 1950 to 2000 is conducted by using the
ocean component model. Boundary condition at the ocean
surface is based on CORE (Coordinated Ocean Reference
Experiment). For details, see Large and Yeager (2004).

In the northern Pacific Ocean, the climate regime shift in

@ 50 m PC1
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1976/77 winter is well known. In Fig. 2, the first EOF com-
ponent of annual mean temperature at 50m depth and 400m
depth over the region (150E-120W, 24N-56N) based on
observation (left) and model results (right). 50m temperature
reflects the sea surface temperature in the winter, because
ocean is well mixed in winter. Drop at 1969-70 and rise in
1989 is well represented in the model results. In Fig. 3, dif-
ference of time averaged sea temperature between two peri-
ods from 1968 to 1976 and from1977 to 1988 are displayed.
Observational results are in the left and model results are in
the right. In the observation, cooling over the central part of
the Pacific basin and warming along the American continent
is well noted, which is well represented in the model results.
Besides the basin-scale regime shift, cooling and warming
around the Kuroshio extension is shown in the model results.
This corresponds to the southward shift of the Kuroshio
extension, which is not represented in the observation.
Similarly, sea temperature at 400 m depth is compared
(see Fig. 1), which is not influenced by fluxes at the sea sur-
face, but determined by the upper ocean dynamics. The vari-
ation of the sea temperature at 400 m depth is also well rep-

resented in the model simulation. Horizontal pattern of the
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Fig. 2 (Left top) the first EOF component of annual mean sea temperature at 50 m over the region (150E-120W,
24N-56N) due to observation (Deser et al., 1999) and (right top) model results. (Left bottom) The first EOF com-
ponent of the annual mean sea temperature at 400 m depth due to observation and (right bottom) model results.

Amplitudes are normalized due to standard deviations.
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Fig. 3 Difference of time averaged sea temperature at 50 m(top) and 400 m(bottom) depth between (1968—1976)
and (1977-1988). (Left) is observation (Deser, 1999) and (right) is model results.

sea temperature at 400 m depth is also shown in Fig. 3, and
generally both patterns look similar. It is pointed out that
effect due to the southward shift of the Kuroshio extension is

noted at the 400 m depth.

4. Difference of transient responses for the global

warming due to horizontal resolution

In our project, the atmosphere-ocean coupled model with
different horizontal (MIROC-hi) and vertical resolution
(MIROC-med) is developed. By using these two models, dif-
ference of transient response of a climate model for the global
warming due to horizontal resolution is investigated. In Fig. 4,
the time-sequence of the globally averaged surface tempera-
ture in 1% increase run is displayed. The response of the high
resolution model (thick red) is larger than that of the medium
resolution model (thick blue). Thin blue lines are correspon-
ding to ensemble members. The reason why this happened is
investigated by using a feedback analysis developed by
Yokohata (2005a, b). The results are shown in Fig. 5.

Compared between both figures, meaningful differences
are noted in the ice-albedo feedback and the ocean heat
uptake. Difference is noted in CLR-LW, which is considered
to be due to the insufficient separation of feedback process-
es. The ice-albedo feedback is due to the difference of the
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Fig. 4 Results of 1% increase run. (Red) is the high resolution model
and (blue) is the medium resolution run.

sea-ice distribution, which is dependent on the horizontal
resolution of the ocean model component. The ocean heat
uptake is also considered to be dependent on the horizontal
resolution. It should be noted that transient response is
dependent on the horizontal and vertical resolution.
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Fig. 5 Results of the feed-back analysis. CLR and CLD stands for Clear

Sky and Cloudy Sky, repectively. SW and LW represent Short
Wave and Long Wave radiation, respectively. SFC means
Surface and OHU represents Ocean Heat Uptake. SFC-SW rep-
resents the ice-albedo feedback. CLR-LW represents the water
vapor and lapse-rate feedback. CLD-SW and CLD-LW repre-
sents the cloud feedback. (Top) is the results of the equilibrium
run and (bottom) is the transient run. (Red) means the high reso-

lution and (blue) represents the medium resolution results.
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5. Summary

This project was the first project for developing the high-
resolution atmosphere-ocean coupled model funded by the
government. Due to enthusiasm and efforts of participating
members, our project has produced many successful results
and model results are well appreciated in the world.
Especially, I would like to emphasize that this success is not
possible without students educated in CCSR from 1991 to
the present. Through this project, huge experiences for
developing models are accumulated in our team and it will
contribute to the success of the follow-up project which
started at April, 2007.
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