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Figure 12 Latitude-pressure cross section of zonal-mean stratospheric ozone mixing ratios (in ppmv) in
January (upper) and July (lower) for SBUV observation averaged over the period of 1978-

1980 (left) and the 1970s climatology of the MRI-ESM1 simulation (right). Contour interval is
1 ppmv.

Figure 13 Annually averaged zonal-mean ozone mixing ratios (in ppbv) in the troposphere for sonde

observation compiled by Logan (1999) (left) and the 1990s climatology of the MRI-ESM1
simulation (right).
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7. Ice-sheet and Iceberg discharge

SMIST (Simple Model of Ice SheeT) is used as the ice-sheet component of MRI-ESM1. When the
SWE is larger than 10 m over the land surface, the excess snow is taken away from the land surface
model and treated as an iceberg. The ice mass and its energy are passed to SMIST and transported by
SMIST to the ocean through a TRIP channel (Oki and Sud, 1998). The algorithm is almost the same as
the GRiveT algorithm (Section 3.8), but without any lake (2 = 0). The energy E is defined as

E = (cice (T = Ttrez) = L") L.

Here, cice is the specific heat constant of ice, T is the temperature, Tt is 273.15 K (freezing point), L" is
the latent heat of fusion of ice, and I is the ice mass.

SICOPOLIS (SImulation COde for POLythermal Ice Sheets; Greve 1997), a 3-D
dynamic/thermodynamic model that simulates the evolution of large ice sheets, is also planned to be a
component of MRI-ESM1. For the present, the effect of long-term (longer than a millennium) change of

ice sheets can be calculated by a semi-offline method using SICOPOLIS.
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8. Carbon cycle

8.1. Terrestrial carbon cycle

The terrestrial biosphere absorbs CO: from the atmosphere by producing vegetation and releases
CO2 into the atmosphere by decomposition of soil organic carbon. These processes of the terrestrial
biosphere can significantly affect the atmospheric CO: concentration. For example, the terrestrial
biosphere is considered to enhance future global warming by warming-enhanced decomposition of soil
organic carbon (climate—carbon cycle positive feedback, e.g., Friedlingstein et al., 2006). Therefore, the
terrestrial carbon cycle process is an essential component of the earth system model for the accurate
estimation of climate change. The terrestrial carbon cycle model included in MRI-ESM1 is based on
models of the biochemical processes of photosynthesis on the organism-leaf level (Woodward et al.,
1995; Sellers et al., 1996) and on a dynamic global vegetation model on the ecosystem-biogeochemical
level (Sitch et al., 2003). The model is fundamentally improved from the previous MRI carbon cycle
model (Obata, 2007), in which biological processes such as net primary production (NPP) are simply
and empirically represented by meteorological factors such as temperature and precipitation and by a
simple CO: fertilization effect. The simple, empirical processes in the previous model led to
overestimation of NPP at higher temperatures, and would thus lead to the underestimation of
projected warming. This NPP overestimation should be improved by considering more detailed
biochemical and ecosystem processes. The processes of the improved model are briefly described
below.

On the leaf level, the model calculates biochemical photosynthesis processes and the dependence
of CO2 exchange on stomatal conductance, which in turn depends on temperature and soil moisture
(Woodward et al,, 1995). The following information is mainly from Woodward et al. (1995), who
describe the methods and parameters of the model in detail. The model is able to simulate the net
photosynthetic effects of changes in the photorespiratory rate, for example in response to changes in
CO2 concentration or irradiance. The photosynthetic rate of a leaf is determined by the minimum rate
of at least two biochemical processes: [1] the rate of carboxylation W due to the amount, kinetic
properties, and activation state of ribulose bisphosphate carboxylase-oxygenase (Rubisco), and [2] the
rate of carboxylation Wj controlled by the rate of ribulose bisphosphate (RuBP) regeneration in the

Calvin cycle, a process that is limited by the rate of electron transport (Farquhar et al., 1980).
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The net rate of CO2 assimilation implied by these biochemical processes is

Ap=Ve(1-0.5po/r pCO2) - Ry, (8.1)
where the rate of carboxylation Ve = min(W., Wj); po and pCOz are the internal partial pressures of Oz
and COz respectively; 7 is the specificity factor of Rubisco for CO2 relative to Oz and Ra is the rate of
respiration in light due to processes other than photorespiration. Typical values of p, and R« are 21 000
Pa and 0.82 pmol m™ s'. The specificity factor v depends on temperature: z (Tx) = exp( —3.949 +
28.99/0.00831T%x ), where Tk is absolute temperature.
[1] If Rubisco controls photosynthesis, then the carboxylation rate is a hyperbolic function of pCOz:

We = VerxpCOz [ [pCO2 + Ke(1+po/Ko)], (8.2)
where Ve is the maximum rate of carboxylation by Rubisco. The parameters Kc and Ko are Michaelis
coefficients for carboxylation and the competing process of oxygenation by Rubisco (Farquhar et al.,
1980).
[2] If the RuBP regeneration rate controls photosynthesis, then the carboxylation rate depends on the
rate of electron transport J:

Wi =] pCO2/ 4(pCO:2 + po/T). (8.3)
Irradiance drives the electron transport | (e.g., Farquhar et al., 1980).

Stomatal conductance controls the diffusion of CO:z from the atmosphere into the intercellular air
spaces and thus the supply of COz, which affects the rates of carboxylation W. and Wj. Internal CO2
adjusts to balance supply by diffusion and demand by biochemical photosynthetic processes.

The CO: assimilation rate implied by the diffusion gradient in the CO:2 concentration from the
atmosphere to the intercellular air spaces is

A= (pCOzair— pCO2) g5/160, (8.4)
where Aqd is the CO:2 assimilation rate (umol m™ s™), ¢s is stomatal conductance to water vapor (mmol
m2 s71), and pCOzair is atmospheric CO2 partial pressure (Pa). The stomatal conductance is empirically
derived from environmental conditions, modified to account for the effects of soil moisture: gs = ( go(T)
+ g1(T)ARn/pCO2air ) kg(ws), where Ru is the relative humidity of the air surrounding the leaf and A is the
CO2 assimilation rate. The parameter go is the stomatal conductance when Az is zero at the light
compensation point, and g1 is an empirical sensitivity coefficient. The function kg(ws) describes the

response of stomatal conductance to soil water content ws.
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The internal CO2 partial pressure, pCOz, is determined by iteratively solving the nonlinear
equation that arises by setting the assimilation rate implied by the diffusion gradient (Eq. (8.4)) equal to
the assimilation rate indicated by biochemical processes (Eq. (8.1)) with carboxylation rate Ve equal to
the minimum of W and W;.

The model described above is for Cs photosynthesis plants. In the case of Cs photosynthesis plants,
the model can be extended by incorporating a corresponding representation of Cs photosynthesis
(Sellers et al., 1996; Haxeltine and Prentice, 1996), in which CO: fertilization is saturated. The leaf-level
photosynthesis model is calculated with a time interval of 30 minutes to 1 hour in conjunction with the
land-surface model (Section 3.6) of the AGCM. The calculated stomatal conductance is used for water
and latent heat fluxes to the atmosphere in the land-surface model. The calculated net photosynthesis
is averaged over a day or a month and then used to drive the following vegetation model.

On the ecosystem level, the terrestrial biosphere is subdivided into leaves, stems, roots, litter, and
humus. The driving input for the ecosystem is NPP (gross primary production minus plant
maintenance respiration), which is partitioned among leaves, stems, and roots. The carbon content of
each component is predicted by the carbon outflow equivalent to its fractional content, depending on
the component's turnover time, and by carbon inflow from the donor component. The exchange of CO2
between the atmosphere and the ecosystem is evaluated by the difference between NPP and soil
respiration. These calculations are carried out in each terrestrial grid of the AGCM. These basic model
structures are the same as in the previous model (Obata, 2007). In the improved model, the vegetation
consists of 10 plant functional types (PFTs): 8 woody (2 tropical, 3 temperate, 3 boreal) and 2
herbaceous (tropical, temperate) types. Responses of the PFTs, litter, and humus are calculated with
formulations similar to those in the Lund-Potsdam-Jena Dynamic Global Vegetation Model (Sitch et al.,
2003), who describe the methods and parameters in detail.

Each PFT population is characterized by a set of variables describing the state of the average
individual, and by the population density. For woody PFTs, the average individual is defined by its
crown area (m?) and the sizes of three tissue pools (gC): leaf mass, sapwood mass, and fine root mass.
Herbaceous PFTs are treated more simply: population density is arbitrarily set to 1, so that leaf mass
and fine root mass represent grid cell area averages (gC m 2), and sapwood is undefined. Above- and
below-ground litter carbon pools with a turnover time of about 3 years and 2 soil carbon pools with

intermediate (~30 years) and slow (~1000 years) turnover times are defined for the entire grid cell.
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In the calculation, maintenance and growth respiration are subtracted from net photosynthesis,
obtained from the leaf-level biochemical model described above, and tissue turnover reduces
individual plant biomass, with dead leaf and root tissue entering the litter pools. The remaining
photosynthate is allocated to the vegetation parts, satisfying allometric relationships. Litter and soil
organic matter decomposition are driven by seasonal temperatures and soil moisture status. These
calculations are carried out for a time interval of 1 day to 1 month. Population densities are updated
annually based on establishment and mortality. If 20-year mean values of bioclimatic variables fall
outside the PFT's survival limits, the entire population is killed.

In a preliminary trial, the terrestrial carbon cycle model described above was included in an MRI
climate-carbon cycle model (Obata, 2007) based on MRI-CGCM2 (Yukimoto and Kitamura, 2003)
instead of the previous simple terrestrial carbon cycle model. The preindustrial steady state is well
reproduced, with high values of NPP and leaf area index in the tropics because of the warm, wet
conditions (Fig. 14), and a global NPP of 56 GtC yr !, consistent with previous estimates (e.g., Prentice

et al., 2001).

8.2. Oceanic Carbon Cycles

Biogeochemical models [see Tsujino et al., 2010, for details] are composed of inorganic carbon-cycle
and ecosystem component models. In the inorganic carbon-cycle component, pCO: at the sea surface is
determined from dissolved inorganic carbon (DIC) and Alkalinity (Alk) values at the sea surface, which
needs the ecosystem component. The difference in pCO: between the atmosphere and ocean
determines uptake or release of CO:2 from the ocean to the atmosphere, and is essential for simulating
the CO2 concentration in the atmosphere. Inorganic carbonate chemistry and partial pressure physics
are well understood and can be reproduced with fair accuracy. The ecosystem component treats
various biological activities, and gives sources and sink of the nutrients, DIC, Alk, and dissolved
oxygen through these activities, but our knowledge of them is far from complete.

The ocean ecosystem model is based on Oschiles (2001). The prognostic variables for the ecosystem
model are phytoplankton (P), zooplankton (Z), detritus(D), dissolved Inorganic Nitrate (NO3),
dissolved inorganic phosphate (POs), and dissolved oxygen (O:2). The Tracer concentrations follow

advective diffusive equations with source-minus-sink (SMS) terms of exchange between different
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Figure 14 (a) Net primary production and (b) leaf area index in the preindustrial state of the land carbon
cycle model.
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tracers. The units of the SMS terms are (mol m3s7).

SMS(P)=J(I,NO,,PO,)P - ¢,P—¢@,,P> —G(P)Z
SMS(2) = f,G(PYZ ~9,Z ~¢,,Z°
oD

SMS(D)=(1- £)G(P)Z P? 7’ —@,D—w,—
(D)=~ f)GC(P)Z +@ppP” + ¢y, Pl = Wp Oz (8.5-8.10)

SMS(NO,) = @,P+¢,Z +¢,D — J(I,NO,, PO,)P
SMS(PO,) = SMS(NO,)-R,,

SMS(0,) =—SMS(PO,)-R,, - R,,

Here, the grazing function G(P) is gst/ (g+ sz). Other variables and their values are listed in Table 4.

The growth rate of phytoplankton J(I,NO3,POs) is limited by either light or and nutrient levels. For
the nutrient limitation, we adopt optimal uptake kinetics, which assumes a physiological trade-off

between the efficiency of nutrient encounters at the cell surface and the maximum assimilation rate

(Smith et al., 2009).
J_al
J; = e 8.12
1 [Jiax +(a1)2]1/2 ( )
[ =1._,PARexp(~k,Z —k, I OE Pdz) (8.13)
J .. =ab" (8.14)
Jy = VN (N =NO, or PO,) (8.15)
N+2ya,yN +a,,
v =051+ |Zou) (8.16)
’ K

N

Here, Z = z/(0s0 = z/(sin20 /1.332)” 2 is the effective vertical coordinate for a refraction index of 1.33 according to

Snell’s law relating the zenith angle of incidence in air (6) to the angle of incidence in water.

Formulations for the production of DIC and Alk are based on Schmittner et al. (2008, 2009).

Production changes in inorganic nutrients and calcium carbonate (CaCOs), in molar numbers, are
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Table 4 Notations and their values in the terrestrial carbon cycle model

notation  description units value
a Initial slope of P-I curve (W m?2)'day! 0.1d0
a Maximum growth rate parameter day™! 0.2d0
b Maximum growth rate = ab” 1.066d0
c 1.d0
PAR Photosynthetically active radiation 0.43d0
ke Light attenuation due to phytoplankton m-! (mol m3)! 0.03d3
k. Light attenuation in the water m! 0.04d0
kos Half-saturation constant for NOs uptake mol m= 0.7d-3
kros Half-saturation constant for PO4 uptake mol m? 0.d0
Olou Fitting constant for Optical Uptake kinetics 0.19d0
g Maximum grazing rate day™! 1.575d0
€ Prey capture rate (mol m=3)2day! 1.6d6
or Specific mortality/recycling rate st 0.014d0
Qre Quadratic mortality rate (mol m3)1day! 0.05d3
fa Assimilation efficiency 0.925d0
Pz Quadratic mortality of zooplankton (mol m=3)'day! 0.34d3
(0% Excretion day™! 0.01d0
Po Remineralization rate day™! 0.048d0
wo Sinking velocity m day™! 2.d0
Ren Molar elemental ratio (C/N) 7.d0
Ron Molar elemental ratio (O2/N) 10.d0
Rup Molar elemental ratio (N/P) 16.d0
Reacopoc CaFZOs over nonphotosynthetic POC production 0.05d0
ratio
Decacos CaCOs remineralization e-folding depth m 3500.d0
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SMS(DIC) = Sb(PO,)- R, — Sb(CaCO;)
SMS(Alk) = —Sb(NO,) -2 - Sh(CaCO;) (8.17-8.19)
SMS(CaCO,) = Pr(CaCO,) — Di(CaCO;)

Pr(CaCO,) =((1- [)G(P)Z +@ppP? + 02, Z°) Reyco, rpoc - Rey - (8.20)

Di(CaC0,) = [ Pr(CaCO,)dz - (exp(—z/ Dy )) (8.21)
3 3 dz CaCo,

Formulations of air-sea gas exchange and carbon chemistry follow protocols of the Ocean Carbon-

Cycle Model Intercomparison Project (Orr et al., 1999).



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.64 2011

9. Coupler (Scup)

The simple Scup coupler was developed at MRI as a general-purpose coupler for coupling
component models for integration into an ESM. Each component model in MRI-ESM1, the atmospheric
model, ocean-ice model, aerosol model, and atmospheric chemistry model, uses Scup to exchange data
with the other component models. Scup makes it easy to develop an integrated model composed of an
arbitrary combination of these component models.

Scup has several excellent features (see Yoshimura and Yukimoto, 2008, for more details).

e High-speed data transfer is possible owing to direct communication between the parallelized
component model processes via Scup.

o Different coordinates and grids can be used for each coupled component model, since Scup
supports 2-dimensional and 3-dimensional grid transformation with good conservation accuracy.

e Component models to be coupled, variables to be exchanged, and the timing of the data exchange
can be flexibly changed by modifying the settings of the configuration file “‘Scup Namelist’.

e All Scup subroutines are coded with Fortran95, so the Scup library can be compiled on any platform
that has a Fortran95 compiler and an MPI library.

As shown in Fig. 15, distributing the communications reduces the amount of transferred data and
leads to high computational efficiency. Using the settings in the Scup Namelist configuration file, the
models can be executed in parallel or sequentially (Fig. 16); accordingly, we can distribute the

execution of the component models in the most efficient way on the computer being used.

@) OCEAN
ATMOS (3 MPI proc.)
(2MPlproc.) Coupler

CHEMI
(1 MPI proc.)

Figure 15 Schematic diagram of communication with Scup among three component models (ATMOS,
OCEAN, and CHEMI).
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Schematic diagrams for patterns of model coupling. (a) Concurrent coupling, where two
component models are executed concurrently. (b) Sequential coupling, where two component
models are executed sequentially and alternatively at given time intervals.

Figure 16
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Development of Monitoring Techniques for Global Background Air Pollution. (MRI Special Research Group on Global
Atmospheric Pollution, 1978)

FEE KL O MR A B NI BVREE O FIENFSE Gl A ILBFZEEL,  1979)
Investigation of Ground Movement and Geothermal State of Main Active Volcanoes in Japan. (Seismology and
Volcanology Research Division, 1979)

PP FE AT IR S N QR B SIS TR ((EEHRED - IR IEZE) - B & - S 1, 1979)
On the Meteorological Tower and Its Observational System at Tsukuba Science City. (T. Hanafusa, T. Fujitani, N. Banno,
and H. Uozu, 1979)

MEMEF B S X 7 LA O MRA BT, 1980)

Permanent Ocean — Bottom Seismograph Observation System. (Seismology and Volcanology Research Division, 1980)
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Horizontal Distribution of Temperature in 400m (or 500m) and 1,000m Depth in Sea South of Honshu, Japan and Western
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Observations of the Atmospheric Constituents Related to the Stratospheric ozon Depletion and the Ultraviolet Radiation.
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Strong —Motion Seismograph Model 83 for the Japan Meteorological Agency Network. (Seismology and Volcanology
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The Study of Melting of Snowflakes in the Atmosphere. (Physical Meteorology Research Division, 1984)

TR R 5 S BV D /K E B Gl IIRRSEER - HEEREZEas, 1984)

Bottom Pressure Observation South off Omaezaki, Central Honsyu. (Seismology and Volcanology Research Division and
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Statistics on Cyclones around Japan. (Forecast Research Division, 1984)
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Observations and Numerical Experiments on Local Circulation and Medium —Range Transport of Air Pollutions.

(Applied Meteorology Research Division, 1984)
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Investigation on the Techniques for Volcanic Activity Surveillance. (Seismology and Volcanology Research Division,
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K[EMFAFTRLAKRMEERET I — 1 (MRI - GCM— 1) (FAFFEEL, 1984)

A Description of the MRI Atmospheric General Circulation Model (The MRI + GCM — 1 ). (Forecast Research Division,
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A Study on the Changes of the Three - Dimensional Structure and the Movement Speed of the Typhoon through its Life

Time. (Typhoon Research Division, 1985)
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(Oceanographical Research Division, 1985)
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Studies on Meteorological and Sea Surface Phenomena by Doppler Radar. (Meteorological Satellite Research Division,
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Multi — Directional Cosmic Ray Meson Intensity 1983 —1986. (Upper Atmosphere Physics Research Division, 1987)
bR SRR O ED D | RO E KT — & 125D < AR B O MHT I B9 20198 (Mg A ILRFZEES, 1987)
Study on Analysis of Volcanic Eruptions based on Eruption Cloud Image Data obtained by the Geostationary
Meteorological satellite (GMS). (Seismology and Volcanology Research Division, 1987)
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Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988)
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Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model.
(Oceanographical Research Division, 1989)
KVET BT DIl F OFH 040 (EEVTZER,  1989)

Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989)
HERDEHR O T —& X—Z (B A ILBFZEES,  1990)

Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990)
RGBT DR OREK S X7 A ORE (B EBFZERS,  1991)

Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991)
KGR -« TMBFFER TR S NAIEHKEET IV GENIDCHE - FEEfkE, 1991)

Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K.
Saito, 1991)

EOMSERITE T 2 EHIMIE GREBEIFZEE - BRI - ISR - K& e - Bl AT 4
WEZEEE - B mBFZEEE, 1992)

A Synthetic Study on Cloud —Radiation Processes. (Climate Research Department, Physical Meteorology Research
Department, Applied Meteorology Research Department, Meteorological Satellite and Observation System Research
Department, and Typhoon Research Department, 1992)
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Studies of Energy Exchange Processes between the Ocean — Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H.
Niino, and K. Yamazaki, 1992)
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Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. — Statistics of Daily
Precipitation Data During 30 Years — (T. Akiyama, 1993)

B NIRRT AN BT 2 BREIRRSE R K ILBFZEES,  1994)

Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research
Department, 1994)

FHESR BB AR 1 K 2 LBl (KRR - B X7 LAWHEES, 1994)

Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research
Department, 1994)
T b O RIEEEREE TV E Y O 7 HBA DM (RHKISZEH,  1995)

The Long — Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology
Research Department, 1995)

UA 2 RT0T 74 T X BR[ROBPNEDOMTE ([REE - BT X7 LAWHFEEE, 1995)

Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System
Research Department, 1995)

FE7K - 8T BEH OO N TR PERZRE O 43 1715 T O O MIERLERIWFSE (BRI 2EWFSEEE,  1996)

Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical
Research Department, 1996)

R EHREDHERL ZROREFE (1995 4E T TN 1996 4F)  (ERILABEZEEE, 1998)

Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998)

$hiE 2 KTTIERRERE (S, 1999)

Vertically 2-dmensional Nonlinear Problem (H. Kanehisa, 1999)

FRI TN OWFFE (FHAFZEES, 2000)

Study on the Objective Forecasting Techniques (Forecast Research Department, 2000)

A BRI B 2 8 s EHOERE B THEICBE S 2078 (R ILRRZE S, 2000)

Study on Stress Field and Forecast of Seismic Activity in the Kanto Region (Seismology and Volcanology Research
Department, 2000)

BEIMNEIEIC K 2K O 2 RFR IR O @RS T B XK GH O (b ik 3 &gk o O 42 iRk O BURH % ik 35
AR LEDRIE CEHHES - FINAE - B F5F, 2000)

Coulometric Precise Analysis of Total Inorganic Carbon in Seawater and Measurements of Radiocarbon for the Carbon
Dioxide in the Atmosphere and for the Total Inorganic Carbon in Seawater (I.Masao, H.Y.Inoue and H.Matsueda, 2000)
KGR Bl TR — IR 1A' TV GRRRRNME - Mg - AFAE - EH5HL, 200D
Documentation of the Meteorological Research Institute / Numerical Prediction Division Unified Nonhydrostatic Model
(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)
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Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
PostScript 21— R Z /BT 2 —)L"PLOTPS"~Y =2 7 )L (IR, 2004)

Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)

QBT R PRI BT 5 Btk FE O RYBIHICHEH SN BT 2D X r — )b &2 QRE MO B
CBHI 2R - BT (MET5RD - ZHE— N - PEREE T - SFEPALE] - B R - PR - B2 - R0
LB - WAL - RIEHE - HHER - SBEN - 1ILA 5 - ATSE - SHER - il 32, 2004)
Re-evaluation for scale and stability of CO, standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)

HERARREOFMIZET Y > VIC X2 HIEIE AL OHEE RN LB T 298 Gt KILRfrZEES, 2005)

A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology
and Volcanology Research Department, 2005)

K[EZEFTEAMEE T )L (MRLCOM) figa (ERZEER, 2005)

Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department,
2005)

H A ks 552 DRk RS & N TRRERO rIREMEICBE 9 20198 (WA RBIIEER - T#MBFSEER, 2005)

Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by
Seeding (Physical Meteorology Research Department, Forecast Research Department, 2005)

2004 £ HA ERERBOE SRS (B EBFFLE, 2006)

Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)

SRASHRIE P /KA AR TE D 2003 A EIBRIL RIS (F1L5EK, 2006)

2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)

KRB KOk OB EN T v (LHEH(SFe) DHIE FIEDE AL & SFe BEHET X D RHILEME DRl (FRFE
Z. AR, FHik F. #)IE, 2007)

Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SFs) and evaluation of SF4 standard
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)

HERIRBEALIC K 2 B AL O SRZE(LICBIT 2158 (IIBEXKKARE, B - ISHKRVIFEEE, 2008)

Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)

KIS Bl 5 OB FEWFFE - QR K IUBFFEET, 2008)

Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)

HAICBUT DIEE RS HHED KON A7 OB K 2 GEGHS AT L1285 ¥Ke OHIES A7 L DOHMESD
KTN1995 5 2006 FEORGERR (FHERX, EHER, EEBC, LHEEEA, AT, $iH 5, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

Establishment of a cold charcoal trap-gas chromatography-gas counting system for **Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

EHIREICE 2 4 EOFHGH B ROt (h B, AR B, MUEEETT, 2008)

Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)

CMIP3 XIVFETIVT > TV EFIH U 7R OWFH KR - WK OHEE OKH 52, RS, 174
AL, A B, 2008)

Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)

BHIEE D 7 0 —t )b & F W7 /3 YO R B BT B I K Bk O @ksE pHe BIE G 75, GHHES, #*
N, B GEIND AGE, 2008)

Precise Spectrophotometric Measurement of Seawater pHy with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)
SRR TR T FH /K HEL R BEETEE 0D 20006 42 [E PR3 [A] E B 15 (F1L5E K, J. Barwell-Clarke, S. Becker, M. Blum, Braga E.S.,
S. C. Coverly, E. Czobik, I. Dahllof, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, & PEJAHE, R. Kerouel, {EARZ T, M. Knockaert, N. Kress, K. A. Krogslund, BEZSIEYE, S. Leterme,
Yarong Li, ¥{HER, EE Z%, T. Moutin, A H &, 7KHEH, G Nausch, A. Nybakk, M. K. Ngirchechol, /N[5,
J. van Ooijen, KXHZ5F1, J. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, 75—, VERERE—ER, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 5 %%, A.
Youénou, Jia-Zhong Zhang, 2008)

2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, I. Dahlléf, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
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Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, T.
Yoshimura, A. Youénou, J. Z. Zhang, 2008)
L[ERFTIT L R E 7 V(MRLCOM)SE 3 fiUfgait GEBF 1 2, ARFaEde, a)ll—iR, VEEME, fEks, (hE
BB, ZHKRE, GEE (QGPFERmmERFseEr) | 2010)
Reference manual for the Meteorological 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 (Oceanographic Research Department), 2010)
SR R E F g /KRB AETE D 2008 FEEI BRI A S B R s (FF1LGE L, Carol Anstey, Janet Barwell-Clarke, Frangois
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D' amico, Ingela Dahll5f,
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, LB I {&ik,
Fi it =, David J. Hydes, £574JL %, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, REAIEYE,
Sophie C. Leterme, Claire Mahaffey, Y£H{¥3, Pascal Morin, Thierry Moutin, Dominique Munaron, #fH &, Giinther
Nausch, /INI17&5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove,
Patrick Raimbault, Malcolm Rose, 75k —ifi, 7THEZH, LiEZE B, Cristopher Schmidt, Monika Schiitt, Theresa M.
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward,
Paul Worsfold, F5#%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (¥ [LI3& K, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahllsf, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso,
(s, H e, A HME=, David J. Hydes, £ 7441, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, R4 IEYE, Sophie C. Leterme, Claire Mahaffey, M4, Pascal Morin, Thierry Moutin, Dominique Munaron,
A E E Z, Ginther Nausch, /N)II7& 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, 7% ik — i, FHERW, EEE R, Cristopher
Schmidt, Monika Schiitt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz,
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, J541%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
RN 2 © 72 5 I RRRER K O T A S5 O R A T ONBR /K TR - B ENEE O TN 20198 (KRER KSR 5 -
B A [IEE 5 A [AR G  REM A [IGE - KIS [R G - R G IS [ e - UM
HREE BB RS LA RIR B EEH G [IRE - T WM, 2010)
Studies on formation process of line-shaped rainfall systems and predictability of rainfall intensity and moving speed
(Osaka District Meteorological Observatory, Hikone Local Meteorological Observatory, Kyoto Local Meteorological
Observatory, Nara Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Kobe Marine
Observatory, Matsue Local Meteorological Observatory, Tottori Local Meteorological Observatory, Maizuru Marine
Observatory, Hiroshima Local Meteorological Observatory, Tokushima Local Meteorological Observatory AND Forecast
Research Department, 2010)
WWRP JLEA D > By 7 2008 FHFEFLMIZERFE 702 = 7 - GREEFIME, BB, FEL, #iA5., FERA, 1
FIZRE, =hFEIE, #{E{#, 2010)
WWRP Beijing Olympics 2008 Forecast Demonstration/Research and Development Project (BOSFDP/RDP) (Kazuo Saito,
Masaru Kunii, Masahiro Hara, Hiromu Seko, Tabito Hara, Munehiko Yamaguchi, Takemasa Miyoshi and Wai-kin Wong,
2010)
FEHIEE O TS B b T O et - v S O AR VE (R FE ORFSE, R ACLIRFSEES, 2011)
Improvement in prediction accuracy for the Tokai earthquake and research of the preparation process of the Tonankai and
the Nankai earthquakes (Seismology and Volcanology Research Department, 2011)



