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To improve the future ocean regional projection (FORP) datasets produced in the previous years, we conducted
the improvement and test of the regional ocean models for future ocean projection and downscaling. One of the
improvement points is the inclusion of a biogeochemical process into the North Pacific ocean model with a 10 km horizontal
resolution. The biogeochemical process consists of a Nutrient-Phytoplankton-Zooplankton-Detritus (NPZD) model and a
simple carbon cycle. The other improvement point is the inclusion of a tide process and an improved river input into the
Japan-surrounding region ocean model with 2 km horizontal resolution. These improved regional ocean models were tested

and checked using a historical surface atmospheric forcing.

Keywords : Dynamical Downscaling, Ocean Model, Biogeochemical Process, Tide process, River input

1. Introduction

In the previous years, we have developed the future ocean
regional projection (FORP) datasets utilizing the Earth Simulator
(version 3) under the Social Implementation Program on Climate
Change Adaptation Technology (SI-CAT) project (Nishikawa et
al. 2021 [1]). These have been used by various users to help
climate change adaptation researches and plans in the Japanese
local institutions and governments within and out of the project.
The datasets consist of that from the North Pacific (NP) ocean
model with a 10 km horizontal resolution (NP10) and that from
the Japan-surrounding region (JPN) ocean model with 2 km
horizontal resolution (JPNO2). To further develop the future
ocean projection information to satisfy various user needs, we are
planning to develop a revised version of the FORP datasets. In
this report, we briefly introduce the revision of the ocean model
system to perform the dataset development.

2. Development of the NP ocean model

From inquiries of demands on the ocean climate projection
datasets in the SI-CAT project, it was found that biogeochemical
variables, such as nutrients and planktons, were important for
climate change adaptation research in addition to the basic
physical variables as temperature and sea levels. Thus, to
improve the NP dataset of the FORP with 10 km resolution, we
introduce a biogeochemical process into the NP ocean model
system. To realize this, we replaced the previous NP10 model
with the new GLB and NP model system shown in Table 1. These
ocean models are based on the relatively new version (v4.6) of
the MRI.COMV4 (Tsujino et al. 2017 [2]). The GLB and NP
models incorporated a biogeochemical process within the

MRI.COMv4, which consists of a Nutrient-Phytoplankton-
Zooplankton-Detritus (NPZD) model (Fig. 1b) with a simple
carbon cycle (Nakano et al. 2011 [6]; Tsujino et al. 2017).

The GLB and NP models with the biogeochemical process
were tested using a surface atmospheric forcing based on an
atmospheric reanalysis data, JRA55-do (Tsujino et al. 2018 [7]).
Figure 2 shows an example of the simulated results, monthly
mean maps of a nutrient (NOs) and phytoplankton from the NP
model. These were reasonably represented against observations
and included fine structures due to the high horizontal resolution
of the NP model.

3. Development of the JPN ocean model

To improve the JPN dataset of the FORP with 2 km resolution
produced in the SI-CAT project, we also replaced the previous
JPNO2 model in SI-CAT by the new JPN model shown in Table
1. The new JPN model incorporated a tide process and a revised
river input scheme and covered a wider horizontal domain
around Japan (Fig. 1a) against the previous JPNO2 model. The
tide process includes tidal forcing in the barotropic component of
the momentum equations and the NAO.99b fields (Matsumoto
et al. 2000 [8]) for the side boundary conditions.

The JPN model were tested using the surface atmospheric
forcing from JRA55-do and the corresponding river input data
(Suzuki et al. 2018 [9]), by driving the physical model part of the
GLB and NP models. We confirmed the basically good
correspondence of the Japanese coastal sea level variations
between the JPN model test results and observations (not shown).
Figure 3, as an example of the JPN test results, indicates tidally
induced low temperature in the Seto Inland Sea, and the
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simulated feature in the JPN model was consistent with satellite
observations.

4. Future Plan

Utilizing the improved ocean model system reported above
(GLB, NP, JPN: Table 1) and the new version of the Earth
Simulator, we are planning to develop a new improved version
of the FORP datasets. We are considering the use of the CMIP5
atmospheric forcing data developed in the SI-CAT project and
also the JRA55-do data.
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Basic specifications of the ocean model system

GLB (global model)

NP (North Pacific model)

JPN (Japan-surrounding)

Purpose

(Parent model of NP)

Future projection of NP
with 10 km res.
(Parent model of JPN)

Future projection around Japan
with 2 km res.

Ocean model code

MRI.COMv4.6
(Tsujino et al. 2017 [2])

Same as GLB

Same as GLB

+ BBL

Region Global 99°E-75°W, 15°S-63°N 117°E-160°E, 20°N-52°N
Resolution (hor.) 1°x 1/2° (tripolar) 1/11° x 1/10° 1/33° x 1/50°

Grid number (hor.) 364 x 366 2049 x 784 1423 x 1604

Resolution (ver.) 60 L (surf.:2m, bottom: 600m) 60 L (surf.: 2m, bottom: 600m) | Same as NP

Side boundaries

(Cyclic boundary)

Offline nesting from GLB

Offline nesting from NP

Processes Sea ice, river input Sea ice, river input Tides, Sea ice, river input
(WI/O tides) (WI/O tides)

Biogeochemistry NPZD + Carbon cyc. NPZD + Carbon cyc. (None)

References Urakawa et al. (2020) [3] Nakano et al. (2021) [4] Sakamoto et al. (2019) [5]
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Figure 1: (a) The panel denotes the NP model domain, and the red rectangle denotes the JPN model domain. (b) Schematic of the NPZD
component of the biogeochemical process (the panel is from Tsujino et al. 2017).
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Figure 2: Simulated monthly mean (a) NOs and (b) phytoplankton on March 1999, from the test experiment of the NP model using the
JRAS55-do surface forcing. The units are (a) 102 mol m and (b) 10 mol m=.
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Figure 3: Simulated monthly mean sea surface temperature on August 2011, from the test experiment of the JPN model using the JRA55-

do surface forcing.
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