Preface

Climate models are used in various fields, for example, to study the mechanisms of the
modern climate and its interannual variability, to make climate projections for the near future and
for hundreds of years to come, and to conduct paleoclimate simulations. As our knowledge of
climate processes has grown over the past few decades, the complexity of climate models has
increased, and additional physics has been incorporated into them. In addition to atmospheric
chemical processes such as those related to aerosols and ozone, feedback processes between the
carbon cycle and climate change have now been incorporated into a climate model, called the
Earth System Model (ESM).

The Meteorological Research Institute (MRI) of Japan has been developing models for many
years, beginning with an atmospheric general circulation model (AGCM) developed in the 1980s.
In the 1990s, we developed a global atmosphere—ocean coupled climate model (MRI-CGCM1)
and performed climate projection experiments under an idealized global warming scenario. In
the early 2000s, a new version of this CGCM (MRI-CGCM2) was developed by incorporating the
spectral dynamical framework of the Japan Meteorological Agency operational model. A revised
version of this model (MRI-CGCM2.3) was used in the 3rd phase of the Coupled Modeling
Intercomparison Project, the results of which contributed to the 4th Assessment Report of the
Intergovernmental Panel on Climate Change. Global climate change projection data produced by
MRI CGCMs have also been used to derive the lateral boundary conditions for MRI regional
climate models.

The first version of the MRI Earth System Model (MRI-ESM1) has now been developed.
This model enables us to represent both the climate system and terrestrial and oceanic material
transport, as well as their interaction. MRI-ESM1 is the base model for the fifth phase of the
Coupled Modeling Intercomparison Project (CMIP5). It is my great pleasure to announce the
completion of MRI-ESM1 and the publication of this technical report describing the model. MRI-
ESM1 was developed at MRI under the special research program “Comprehensive Projection of
Climate Change around Japan due to Global Warming (FY2005-FY2009)." Its development was
made possible by the collaboration of participating scientists from several research laboratories
and departments of the MRI. I would like to express here my deep gratitude for the huge efforts
put forth by all of those who participated in the development of the model and the cooperation
displayed among them. I expect that this model will produce many important scientific results.

Akio Kitoh
Director

Climate Research Department
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Abstract

The Meteorological Research Institute (MRI) of Japan developed the Earth System Model
MRI-ESM1 to enable us to simulate both the climate system and global material transport, along
with their interaction. Its core component, the atmosphere—ocean coupled global climate model
MRI-CGCM3, represents a substantial advance from the previous model, MRI-CGCM2.3, which
made important contributions to the fourth assessment report of the Intergovernmental Panel on
Climate Change. The global atmospheric model MRI-AGCM3, used as the atmospheric
component of MRI-CGCM3, incorporates various new physical parameterizations, including a
cumulus convection scheme, a high-accuracy radiation scheme, a two-moment bulk cloud model
that explicitly represents aerosol effects on clouds, and a new, sophisticated land-surface model,
into the dynamics framework by a conservative semi-Lagrange method. MRL.COMS3, also newly
developed at MRI, is used for the global ocean-ice component of MRI-CGCM3. We adopted for
MRI.COM3 a tripolar grid coordinate system, in which the North Pole is not a singular point,
because MRI.COM3 supports general orthogonal curvilinear coordinates. The sea-ice model has
also been updated; it now represents the sub-grid ice-thickness distribution by thickness
categories, and incorporates ice rheology dynamics in addition to detailed thermodynamics. The
MASINGAR mk-2 aerosol model takes into account five kinds of atmospheric aerosols, sulfate,
black and organic carbon, mineral dust, and sea salt. The MRI-CCM2 atmospheric chemistry
climate model (ozone model) is used to treat chemical reactions and the transport of atmospheric
species associated with both tropospheric and stratospheric ozone. To represent the global carbon
cycle, terrestrial ecosystem carbon cycle and ocean biogeochemical carbon cycle processes are
incorporated into the land-surface model and the ocean model, respectively. The Scup coupler
developed at MRI is used to integrate each component model, the atmospheric, ocean, aerosol,
and ozone models, into MRI-ESM1. This flexible coupler can couple models with different
resolutions and grid coordinates with variable coupling intervals. This advantage not only leads
to efficient execution of the earth system model but also allows the efficient and independent

development of the component models.
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