FEFIEIEI SN

Jd =+ +H B

6S'ON TIN dHL 40 SLI0ddd TVIINHOAL

ISSN 038

REFERENCE MANUAL FOR THE
METEORO LOGICAL RESEARCH INSTITUTE
COMMUNITY OCEAN MODEL
(MRI.COM)

VERSION 3

Hiroyuki Tsujino, Tatsuo Motoi, Ichiro Ishikawa,
Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka,
Tamaki Yasuda, and Hiroshi Ishizaki




METEOROLOGICAL RESEARCH INSTITUTE
Established in 1946

Director-General: Mr. Nobuo Sato

Forecast Research Department Director: Dr. Tadashi Tsuyuki
Climate Research Department Director: Dr. Akio Kitoh
Typhoon Research Department Director: Dr. Mitsuru Ueno
Physical Meteorology Research Department Director: Mr. Ryusuke Taira
Atmospheric Environment and

Applied Meteorology Research Department Director: Dr. Nobuo Yamazaki
Meteorological Satellite and

Observation System Research Department Director: Dr. Masahito Ishihara
Seismology and Volcanology Research Department Director: Dr. Sumio Yoshikawa
Oceanographic Research Department Director: Dr. Hiroshi Ishizaki
Geochemical Research Department Director: Mr. Nobuo Sato

I-1 Nagamine, Tsukuba, Ibaraki, 305-0052 Japan

TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE

Editor-in-chief:  Sumio Yoshikawa

Editors: Masahiro Hara Yuhji Kuroda Akihiko Murata
Shigenori Haginoya Hiroaki Naoe Tomohiro Nagai
Yutaka Hayashi Satoshi Matsumoto Yousuke Sawa

Managing Editors: Takahito Nishimiya, Tsuyoshi Watanabe

The Technical Reports of the Meteorological Research Institute has been issued at irregular intervals by the Meteorological
Research Institute (MRI) since 1978 as a medium for the publication of technical report including methods, data and results of
research, or comprehensive report compiled from published papers. The works described in the Technical Reports of the MRI
have been performed as part of the research programs of MRI.

©2009 by the Meteorological Research Institute.

The copyright of reports in this journal belongs to the Meteorological Research Institute (MRI). Permission is granted to use
figures, tables and short quotes from reports in this journal, provided that the source is acknowledged. Republication,
reproduction, translation, and other uses of any extent of reports in this journal require written permission from the MRI

In exception of this requirement, personal uses for research, study or educational purposes do not require permission from
the MRI, provided that the source is acknowledged.



REFERENCE MANUAL FOR THE

METEOROLOGICAL RESEARCH INSTITUTE
COMMUNITY OCEAN MODEL
(MRI.COM)

VERSION 3

SRS AT R E TV
(MRI.COM)
55 3 RFE

HIROYUKI TSUJINO, TATSUO MOTOI, ICHIRO ISHIKAWA,
MIKITOSHI HIRABARA, HIDEYUKI NAKANO, GORO YAMANAKA,
TAMAKI YASUDA, AND HIROSHI ISHIZAKI

(OCEANOGRAPHIC RESEARCH DEPARTMENT)

WP« AHRER « )11 —BF « JEEpE « filfgee -
HIFRERR « ZHHERES « Al

GREMWZL AT ETFERR)






Preface

It has long been recognized that the role of the ocean in the earth’s climate system is conclusively important
in such issues as the climate warming, the long-term variability in the air-sea coupled system, meteorological
extreme phenomena, and so forth. In these situations, modeling of the ocean has become an indispensable method
of studying the climate variability and predicting its future state as well as studying the mechanisms of the oceanic
variability itself.

The Oceanographic Research Department of the Meteorological Research Institute (MRI) developed its orig-
inal, general-purpose numerical ocean model, the Meteorological Research Institute Community Ocean Model
(MRI.COM), in the early 2000s for both the research work in MRI and operational work in the Japan Meteoro-
logical Agency (JMA) by combining two ocean models developed for their research work. The ocean modeling
activities are maintained under MRI research programs "Development of a high-resolution (eddy-resolving) ocean
general circulation model and study on formation, maintenance, and variation mechanisms of water masses based
on the model” (fiscal years 2003 through 2007), "Development of an ocean environmental model and assimilation
system and study on variation mechanisms of the ocean environment -feasibility study-" (fiscal year 2008), and
”Development of ocean environmental forecasting methods” (started from fiscal year 2009). The present pub-
lication is the first English version of the MRI.COM manual and has been improved from the Japanese version
published in 2005 by including newly developed parts.

The ocean modeling study in MRI began in the late 1970s for investigating the variability of the Kuroshio south
of Japan. First, an ocean model with the primitive-equation system developed by former Prof. K. Takano in
UCLA, USA, was introduced. Another ocean model was then introduced slightly later in 1981. It was similar to
the former but developed by an ocean research group in the University of Tokyo. Since that time, the two ocean
models with different codes have been improved in parallel in MRI for various purposes. The former model from
UCLA has been vigorously optimized to exhibit a high computational efficiency in vector machines, and has been
used in experiments with long-term integrations. The latter model from the University of Tokyo incorporated many
options from the early stage, such as a surface mixed layer model, an isopycnal diffusion scheme, and a simple sea
ice process, for various research and operational purposes.

In the early 1990s, the first coupled ocean-atmosphere model experiment was conducted through cooperation
between the Oceanographic Research Department and the Climate Research Department, MRI, to simulate El Nino
phenomenon. Since then, construction of a climate model synthesizing atmosphere, ocean, sea ice, and land surface
has been strongly desired both for research and operational work associated with climate warming projection and
seasonal forecasts, including the ENSO cycle prediction. To this end, development of a new, general-purpose
ocean model, MRI.COM, which could provide the oceanic part of the synthetic climate model, has been initiated
based on the two ocean models used so far to achieve efficiency in model improvement and management and to
integrate their merits. In designing the new model, the main frame of the former model and the various physical
options of the latter model were transferred to the new model, and many newly developed physical processes and
schemes were added.

The first Japanese version of the MRI.COM manual was published in 2005 and the model has been continuously

updated through further improvements in physical processes and addition of new processes. One of the most



pronounced improvements is the introduction of the chemical and biogeochemical processes associated with the
oceanic carbon cycle. This is continuing even now and will be finished in a few years.

MRI.COM has been developed along with its own usage as a part of the climate model and the ocean data
assimilation system in MRI as well as stand-alone experiments and has already achieved many satisfactory results.
Based on our experiences, we believe MRI.COM is one of the best ocean models in the world. We thank the present
and past participants in the model development for their great deal of efforts and help. We hope MRI.COM and
the present manual will contribute to research work in the fields of climatology, oceanography, and environmental

sciences in domestic and foreign institutions as well as to the research and operational work in MRI and JMA.

Hiroshi Ishizaki
Director

Oceanographic Research Department
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Abstract

About this manual and MRI.COM

This technical report is a manual of the Meteorological Research Institute Community Ocean Model (MRI.COM).
MRI.COM is an ocean general circulation model developed and maintained at the Meteorological Research Insti-
tute (MRI) of the Japan Meteorological Agency (JMA). As the name suggests, it has been used for studying large
scale oceanic phenomena and as the oceanic part of the coupled climate models developed at MRI.

The current version of MRI.COM is version 3. Version 1 (developed around 2000) was intended to present a
prototype. Efforts were devoted to combining the two ocean models used until then in MRI. For this reason, users
at that time tended to be restricted to MRI research scientists who were committed to the development. Thus, users
were deeply knowledgeable about the model.

Version 2 (early 2000s) was intended for use in the operational forecasting system in JMA. Since the number of
users without direct experience in developing models was expected to increase, the developers decided to write a
detailed manual for that version. The Japanese version was published in 2005 (Ishikawa et al., 2005) and eventually
became the prototype of this manual.

Version 3 was intended for use as an oceanic component of the Earth System Model of MRI (MRI-ESM1;
Yukimoto et al., 2010). One of the reasons for creating a new version was that the definition of vertical grid
arrangement was modified during the development. MRI plans to participate in the phase five of the Coupled
Model Intercomparison Project (CMIP5) using MRI-ESM1, and its results on the future projection are expected to
be used by a wide range of communities, so we decided to prepare a detailed description of its oceanic component
in English.

Note that the purpose of this manual is to present a detailed description of a particular model system. The
mathematical expressions of processes, the parameterization methods, and the numerical algorithms presented
here follow those adopted in the latest code. They are largely state-of-the-art, but this does not necessarily mean
that they are the complete reflections of physical, mathematical, and numerical integrity. Every method is subject
to possible sophistication. We welcome critical comments and suggestions from any reader or user, which we
believe are necessary for further improvement.

For a more general or detailed description of OGCMs, please refer to textbooks by Griffies (2004) and Kantha
and Clayson (2000). The former thoroughly describes the fundamentals of OGCMs, and the latter concisely
summarizes the modeling of various oceanic processes such as tide and sea ice.

Organization

Chapter 1 introduces OGCMs and MRI.COM. It also presents the classification of OGCMs and the status of
MRI.COM with respect to the state-of-the-art OGCMs.



Part | describes the model configuration. Governing equations are derived in Chapter 2, and the spatial grid
arrangement and definition of continuity equations for unit grid cells are presented in Chapter 3.

Part Il describes the dynamical core. The method of solving the barotropic and the baroclinic part of the mo-
mentum equation are presented in Chapters 4 and 5, respectively. The method of solving the advection-diffusion
equation for tracers (temperature and salinity) is presented in Chapter 6.

Part Il describes additional processes. Surface mixed-layer models are presented in Chapter 7, surface fluxes
in Chapter 8, sea ice in Chapter 9, bottom boundary layer parameterization in Chapter 10, and biogeochemical
models are presented in Chapter 11.

Part IV contains miscellaneous topics. Basics of the finite difference method are presented in Chapter 12, some
high-accuracy advection schemes are presented in Chapter 13, general orthogonal curvilinear coordinates and
related calculus are introduced in Chapter 14, how to construct a pair of nested-grid models is presented in Chapter
15, and user’s guide to construct and run a model is presented in Chapter 16.

Each chapter is almost independent from other chapters. Thus the readers might be able to understand the
contents of each chapter without referring to other chapters. However, reading Part | will give the readers the
background to help understand the remainder of this manual.

The following are some comments about the notations used throughout this manual. The characters and expres-
sions inCourier fonts are adopted from program codes. The subscripts and indices used in discrete equations
are intended to express staggered grid arrangements. They do not necessarily correspond to the array indices in
program codes.
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