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In Social Implementation Program on Climate Change Adaptation Technology (SI-CAT), we have performed a series of ocean
model experiments of past to near-future climate projection and regional downscaling for oceans surrounding Japan, developing
ocean model systems enabling these model experiments. By these experiments, we have produced the following simulation datasets:
First, we have produced ocean past to future projection dataset in 1960-2030 using MIROC5 and MRI-CGCM3 atmospheric data
from CMIP5, and ocean historical prediction dataset in 1958-2015 using JRAS55 atmospheric reanalysis data as the surface forcings.
Next, we have created three versions of the downscaling dataset (2001-2014) from the FORA-WNP30 ocean reanalysis data by
regulating the inclusion of sea-ice and river input processes. Comparison of these dataset enables us to assess biases of models and

surface forcings, which would give basic information for the next step of the experiments in the project.

Keywords: Near-future projection of climate change, Ocean general circulation model, Downscaling

1. Introduction 2. Outline of the Model system

In Social Implementation Program on Climate Change We have developed the following two ocean model
Adaptation Technology (SI-CAT), we are developing skills and systems, which are based on Meteorological Research Institute
systems of near-future projection and downscaling to create Community Ocean Model version 4 (MRI.COMv4; Tsujino et
climate change projection information with high reliability al. 2017[1]): One is the North Pacific model with the horizontal
and versatility. SI-CAT includes themes of ocean prediction resolution of about 10 km (hereafter, the SICAT10 model),
and downscaling, which aim to create a database of ocean which can resolve mesoscale structures such as the Kuroshio
near-future projection around Japan. In these themes, we are and mesoscale eddies, important in the oceans surrounding
performing a series of ocean model experiments of past climate Japan. The other is the Japan-surrounding ocean model with the
reproduction, near-future projection, and regional downscaling horizontal resolution of about 2 km (hereafter, the SICATO02),
for oceans surrounding Japan by developing ocean model which has more realistic coastal geometry necessary for the
systems enabling these model experiments. In this paper, we local prefectural research in SI-CAT and thus can resolve
briefly introduce the ocean model systems, the ocean projection submesoscale eddies and local coastal currents. Some details of

and downscaling experiments, and the results. SICAT10 and SICATO02 are summarized in Table 1.

Table 1 Outline of the SICAT10 and SICATO02 models

SICAT10: (North Pacific) SICATO02: (Japan-surrounding)
Model code MRI.COMv4 (Tsujino et al. 2017[1]) MRI.COMv4 (Tsujino et al. 2017[1])
Region 100E-285E, 15S-70N 122.6E-150.0E, 23.7N-47.5N
Resolution (Hor.) 1/10 x 1/10 degs. (about 10 km) 1/30 x 1/50 degs. (about 2 km)
Number of Grids 1852 x 852 x 54 826 x 1194 x 54
Resolution (Ver.) 1 (surf.)~-600m (bot.) 1 (surf.)~600m (bot.)
Geometry JTOPO2 JTOPO30v2
Processes With: 'sea-ice. W/O: river. input, tides, thermal | With: .sea—ice, river inpu.t. W/O: tides, thermal
expansion effect, atomospheric pressure effect. expansion effect, atmospheric pressure effect.
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3. Ocean past-future projection experiments

To perform ocean past-future projection experiments, we
use CMIP5 (Coupled Model Intercomparison Project Phase
5) atmospheric data and JRASS5 atmospheric reanalysis data.
Here, we have chosen MIROCS5 and MRI-CGCM3 from
the CMIP5 models. We have performed the following three
runs: 1) MIROCS run consists of historical (1960-2005) and
RCP8.5 (2006-2030) runs. 2) MRI-CGCM3 run also consists of
historical (1960-2005) and RCP8.5 (2006-2030) runs. 3) JRASS
historical run is from 1958 to 2015. The initial condition of
these 3 runs are the same and static with the WOA temperature/
salinity climatology. We consider the first 20 years (1958/1960
to 1980) as the spinup period.

Figure 1 shows annual mean sea surface height in 2014
from MIROCS5 and MRI-CGCM3 RCP8.5 runs and JRASS5 run,
comparing with FORA-WNP30 (Usui et al. 2017[2]) ocean
reanalysis data. The main ocean physical structures such as
the Kuroshio and surface/subsurface temperature (not shown)
are basically reasonable. On the other hand, we may find some
important difference between these cases, especially between
JRA/FORA and CMIPS5 runs. The example is the Kuroshio state
south of Japan coast. Figure 1 indicates that the Kuroshio in the
CMIPS runs (MIROCS and MRI-CGCM3) tends to take highly
meander state and to separate from the Japan coast somewhat
earlier than JRAS5S and FORA cases. We will further investigate
these differences and utilize such difference (bias) information

for the next future experiments.

4. Ocean downscaling experiments using ocean
reanalysis data
Based on the SICAT02 model (section 2), we have

performed ocean downscaling experiments using the FORA-
WNP30 ocean reanalysis data as the initial condition and side
boundaries and JRAS5 data as the surface forcings to produce
the FORA downscaling dataset. We have created three versions
of the FORA downscaling dataset step by step as follows: The
first one (2003-2014; version 1) is by the experiment without
both sea-ice and river input processes. The next one (2001-2014;

(a) MRI-CGCM3(tran): SSH [cm]
time=2014(12mnave): rep85
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time=2014(12mnave): rcp85
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Fig. 1 Annual mean sea surface height in 2014. (a) MRI-CGCM3, (b)
MIROCS, (c) JRASS, (d) FORA-WNP30.
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version 2) is by the experiment with sea-ice process and without
river input process. The last one (2001-2014; version 3) is by
the experiment with both sea-ice and river input processes.

We have confirmed that the downscaling model (SICAT02)
has a saltier bias in sea surface salinity (SSS) particularly in
the Japan Sea and near coastal region around Japan, which is
typically found in the version 1 data (not shown). By comparing
the versions 1-3 data, we have also confirmed that the
introduction of the sea-ice and river input processes effectively
reduces the saltier bias of SSS around Japan, although there is
still a saltier bias in the version 3 data (not shown).

Figure 2 shows long term (2001/2003-2012) mean sea
surface height in the FORA downscaling results (versions 1-3),
comparing with that from FORA-WNP30. As indicated from the
figure, the FORA downscaling models well reproduce important
surface flow structures around Japan such as the Kuroshio, its
extension, the Oyashio and strait throughflows around the Japan
sea. It may be noted that the inclusion of sea-ice and river input

does not have significant impact on the dynamic structure.

5. Summary

We have produced ocean past-future projection dataset in
1960-2030 using MIROCS and MRI-CGCM3 atmospheric data
from CMIP5, and ocean historical projection dataset in 1958-
2015 using JRASS atmospheric reanalysis data as the surface
forcings, based on the SICAT10 model. We also created three
versions of the downscaling dataset (2001-2014) from the
FORA-WNP30 ocean reanalysis data by regulating the inclusion
of sea-ice and river input processes, based on the SICATO02
model. Comparison of these dataset enables us to assess biases
of models and surface forcings. The bias information would
be important for the next step of the future projection and
downscaling experiments.
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Fig. 2 Long-term (2001/2003-2012) mean sea surface height from the
FORA downscaling data (a) version 1, (b) version 2, and (c)
version 3, comparing with that from (d) FORA-WNP30.
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