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We have developed a revised version (version 4) of the high-resolution "Future Ocean Regional Projection (FORP)" datasets
using an improved ocean model system and CMIP5/JRASS based atmospheric forcings. The datasets consist of the North
Pacific ocean dataset with 10km horizontal resolution and the regional ocean dataset around Japan with 2km resolution. The
points of the datasets improvement are (i) addition of biogeochemical processes/variables in the 10km dataset and (ii) inclusion
of explicit tides in the physics of the 2km dataset. We have confirmed the basic performance of the historical and future

projection simulations of each data and are preparing the datasets release.
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1. Introduction

In the previous year, we have developed the ocean model
system for high-resolution (10km and 2km horizontal
resolutions) ocean future projection around Japan under the
research project of the “TOUGOU” program [1]. The goal of
the project is to produce an improved/revised version of “Future
Ocean Regional Projection (FORP)” datasets [2], the previous
versions of which have been developed in the “SI-CAT”
program in 20162019 [3], to contribute to the climate change
adaptation research in Japan. The points of the ocean model
improvements to revise the datasets were (i) addition of a
simple biogeochemical process in the 10km model and (ii)
inclusion of explicit tides in the physics of the 2km model [1].
In this report, we briefly introduce the development of the
improved version of the datasets using these ocean models.

2. Models and Forcings

The ocean model system consists of the lower resolution
global ocean model (GLB), the North Pacific ocean model with
10km resolution (NP), and the regional ocean model surrounding
Japan with 2km resolution (JPN), using a one-way off-line
nesting method from GLB to NP and from NP to JPN [1]. These
were based on the MRL.COMv4 (Tsujino et al. 2017 [4]) ocean
model code, and the basic specifications of each model were
written in our previous report [1].

To perform ocean historical and future projection simulations
to produce the datasets, we used atmospheric data from the
CMIP5 (Coupled Model Intercomparison Project Phase 5)
climate model outputs. We have chosen MIROC5 and MRI-

CGCM3 with historical (1960-2005), RCP2.6, and RCP8.5
(2006-2100) scenarios. We also used the JRAS5-do data [5] for
historical simulations. Details of the experiments to produce the
revised FORP datasets are shown in sections 3 and 4.

3. North Pacific dataset with 10km resolution

Using the GLB and NP models, we conducted sequential
integration experiments of historical and future scenario
projection shown in Table 1, to produce the North Pacific dataset
with 10km resolution. We used a common initial condition of 1
Jan 1960 for each historical experiment of the GLB and NP
models. The initial value data came from the results of 1830 years
integration using another GLB-type ocean model and cyclic
forcings of the JRASS-do. Here, we briefly introduce some
examples of the physical and biogeochemical variables of the
10km dataset.

Figure 1 plots time series of the area-averaged sea surface
temperature (SST) around Japan for the NP model results (Fig.
1a) and the corresponding CMIPS original ocean results (Fig. 1b).
Figure 1b indicates that the CMIP5 original results had lower
SST biases in this region, where the JRAS55-do case is considered
to be realistic. These SST biases were effectively reduced in the
NP model results (Fig. 1a). Except for this, the annual, decadal,
and future changes of the SST in each model/scenario were
similar between the NP model and CMIP5 original results.
Figures 2a-c show monthly mean maps of sea surface
chlorophyll in May 2001 for three NP results, comparing with the
corresponding observation climatology map from the satellite
data (SeaWiFS, Fig 2d). The general pattern (higher in the
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subpolar and eastern equatorial regions, and lower in the
subtropical region) found in the observation were generally well
represented in the NP model results. On the other hand, the
extremely higher values in the subpolar coastal regions (Fig. 2d)
were not reproduced in the NP model results (Fig. 2a-c), probably
because the present biogeochemical model was too simple to
reproduce these coastal blooms.

4. Regional ocean dataset around Japan with 2km
resolution

Using the JPN model, we conducted time slice experiments as
shown in Table 2, to produce the regional downscaling dataset
with 2km resolution. Here, we briefly introduce an example of
the ocean state representation of a coastal region of Japan in the
2km dataset.

Figure 3 shows the monthly mean SST in August averaged
from 1996 to 2005 for the MIROC forced cases of the NP (Fig.
3a) and JPN (Fig. 3b) model results. Lower SST structures in the
Bungo Channel (around 33-33.3°N) and the Itsuki-Nada Strait
(around 34°N) represented in the JPN model (Fig. 3b) were
similar to the results of Sakamoto et al. (2019)[6] and consistent
with Satellite observations (not shown), which were not
reproduced in the NP model (Fig. 3a). It is indicated that the
inclusion of explicit tides in the JPN model led to the improved
representation of the SSTs in these regions. Large differences
between the NP and JPN model results were also found in the
SST future change in these regions (not shown). Investigating the
detailed mechanism of the difference is a future work.

5. Preparation to release the revised datasets

The revised datasets produced here would be collectively
termed “FORP version4” and released at the DIAS site. We are
preparing the NetCDF and the metadata of the datasets.
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Table 1 :  Periods of GLB/NP model experiments
Historical RCP2.6 RCP8.5
MIROCS 19602005 2006-2100 2006-2100
MRI-CGCM3 1960-2005 2006-2100 2006-2100
JRASS5-do 19602018
Table2 :  Periods of JPN model experiments
Historical RCP2.6 RCP8.5
MIROCS 1991-2005 2086-2100 2041-2055, 20862100
MRI-CGCM3 1991-2005 2086-2100 2041-2055, 20862100
JRAS55-do 1991-2005, 2006-2018
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Figure 1: Time series of area-averaged sea surface temperature around Japan (117-160°E, 20-52°N) for the NP model results (Fig. 1a)
and the corresponding CMIPS original ocean results (Fig. 1b), where black line: MIROC, red line: MRI-CGCM3, thick line:

historical+RCP8.5, and thin line: RCP2.6. Green line in both panels denotes the JRAS5-do case of the NP model. Unit is °C.
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Figure 2: Monthly mean maps of sea surface chlorophyll in May 2001 for the NP results: (a) MIROCS, (b) MRI-CGCM3, and (c)
JRA55-do. (d) The corresponding observation climatology map from the SeaWiFS data. Unit is 107 kg m.
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Figure 3: Monthly mean sea surface temperature in August averaged from 1996 to 2005 for the MIROC forced cases of the NP (Fig.

3a) and JPN (Fig. 3b) results. Unit is °C.
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