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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 (a = 0). The energy E is defined as

E = (cice (T Tfrez) L ) I.

Here, cice is the specific heat constant of ice, T is the temperature, Tfrez 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 CO2 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 CO2 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 CO2 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 Wc 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

Ab = Vc ( 1 0.5po/ pCO2 ) Rd, (8.1)

where the rate of carboxylation Vc = min(Wc, Wj); po and pCO2 are the internal partial pressures of O2

and CO2 respectively; is the specificity factor of Rubisco for CO2 relative to O2; and Rd is the rate of

respiration in light due to processes other than photorespiration. Typical values of po and Rd are 21 000

Pa and 0.82 mol m 2 s 1. The specificity factor depends on temperature: (Tk) = exp( 3.949 +

28.99/0.00831Tk ), where Tk is absolute temperature.

[1] If Rubisco controls photosynthesis, then the carboxylation rate is a hyperbolic function of pCO2:

Wc = VcmaxpCO2 / [pCO2 + Kc(1+po/Ko)], (8.2)

where Vcmax 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:

Wj = J pCO2 / 4(pCO2 + po/ ). (8.3)

Irradiance drives the electron transport J (e.g., Farquhar et al., 1980).

Stomatal conductance controls the diffusion of CO2 from the atmosphere into the intercellular air

spaces and thus the supply of CO2, which affects the rates of carboxylation Wc and Wj. Internal CO2

adjusts to balance supply by diffusion and demand by biochemical photosynthetic processes.

The CO2 assimilation rate implied by the diffusion gradient in the CO2 concentration from the

atmosphere to the intercellular air spaces is

Ad = (pCO2 air pCO2) gs/160, (8.4)

where Ad is the CO2 assimilation rate ( mol m 2 s 1), gs is stomatal conductance to water vapor (mmol

m 2 s 1), and pCO2air 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 = ( g0(T)

+ g1(T)ARh/pCO2air ) kg(ws), where Rh is the relative humidity of the air surrounding the leaf and A is the

CO2 assimilation rate. The parameter g0 is the stomatal conductance when Ad 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, pCO2, 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 Vc equal to

the minimum ofWc andWj.

The model described above is for C3 photosynthesis plants. In the case of C4 photosynthesis plants,

the model can be extended by incorporating a corresponding representation of C4 photosynthesis

(Sellers et al., 1996; Haxeltine and Prentice, 1996), in which CO2 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 (m2) 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 1, 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, pCO2 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 pCO2 between the atmosphere and ocean

determines uptake or release of CO2 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 (PO4), and dissolved oxygen (O2). 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 m 3s 1).
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Here, the grazing function G(P) is g P2/ (g + P2). Other variables and their values are listed in Table 4.

The growth rate of phytoplankton J(I,NO3,PO4) 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 ef ciency of nutrient encounters at the cell surface and the maximum assimilation rate

(Smith et al., 2009).
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 Here,  z~  = z/cos  = z / (sin2  /1.33
2 )1/2 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 ( ) 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 (CaCO3), in molar numbers, are
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Table 4 Notations and their values in the terrestrial carbon cycle model 

notation description units value

Initial slope of P I curve (W m 2) 1 day 1 0.1d0

a Maximum growth rate parameter day 1 0.2d0

b Maximum growth rate = abcT 1.066d0

c 1.d0

PAR Photosynthetically active radiation 0.43d0

ke Light attenuation due to phytoplankton m 1 (mol m 3) 1 0.03d3

kw Light attenuation in the water m 1 0.04d0

kNO3 Half saturation constant for NO3 uptake mol m 3 0.7d 3

kPO4 Half saturation constant for PO4 uptake mol m 3 0.d0

OU Fitting constant for Optical Uptake kinetics 0.19d0

g Maximum grazing rate day 1 1.575d0

Prey capture rate (mol m 3) 2 day 1 1.6d6

P Speci c mortality/recycling rate s 1 0.014d0

PP Quadratic mortality rate (mol m 3) 1 day 1 0.05d3

fa Assimilation ef ciency 0.925d0

ZZ Quadratic mortality of zooplankton (mol m 3) 1 day 1 0.34d3

Z Excretion day 1 0.01d0

D Remineralization rate day 1 0.048d0

wD Sinking velocity m day 1 2.d0

Rcn Molar elemental ratio (C/N) 7.d0

Ron Molar elemental ratio (O2/N) 10.d0

Rnp Molar elemental ratio (N/P) 16.d0

Rcaco3/poc CaCO3 over nonphotosynthetic POC production
ratio

0.05d0

Dcaco3 CaCO3 remineralization e folding depth m 3500.d0
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Formulations of air sea gas exchange and carbon chemistry follow protocols of the Ocean Carbon

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

－ 68－



TECHNICAL REPORTS OF THE METEOROLOGICAL RESEARCH INSTITUTE No.64 2011 

- 69 - 

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).

High speed data transfer is possible owing to direct communication between the parallelized

component model processes via Scup.

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.

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‘.

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.

Figure 15 Schematic diagram of communication with Scup among three component models (ATMOS, 
OCEAN, and CHEMI). 
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Figure 16 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. 
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気象研究所技術報告一覧表

第１号 バックグラウンド大気汚染の測定法の開発（地球規模大気汚染特別研究班，1978）
Development of Monitoring Techniques for Global Background Air Pollution. (MRI Special Research Group on Global 
Atmospheric Pollution, 1978) 

第２号 主要活火山の地殻変動並びに地熱状態の調査研究（地震火山研究部，1979）
Investigation of Ground Movement and Geothermal State of Main Active Volcanoes in Japan. (Seismology and 
Volcanology Research Division, 1979) 

第３号 筑波研究学園都市に新設された気象観測用鉄塔施設（花房龍男・藤谷徳之助・伴野 登・魚津 博，1979）
On the Meteorological Tower and Its Observational System at Tsukuba Science City. (T. Hanafusa, T. Fujitani, N. Banno, 
and H. Uozu, 1979) 

第４号 海底地震常時観測システムの開発（地震火山研究部，1980）
Permanent Ocean－Bottom Seismograph Observation System. (Seismology and Volcanology Research Division, 1980) 

第５号 本州南方海域水温図－400m（又は 500m）深と 1,000m深－（1934－1943年及び 1954－1980年）（海洋研究部，
1981）

Horizontal Distribution of Temperature in 400m (or 500m) and 1,000m Depth in Sea South of Honshu, Japan and Western
－North Pacific Ocean from 1934 to 1943 and from 1954 to 1980. (Oceanographical Research Division, 1981) 

第６号 成層圏オゾンの破壊につながる大気成分及び紫外日射の観測（高層物理研究部，1982）
Observations of the Atmospheric Constituents Related to the Stratospheric ozon Depletion and the Ultraviolet Radiation. 
(Upper Atmosphere Physics Research Division, 1982) 

第７号 83型強震計の開発（地震火山研究部，1983）
Strong－Motion Seismograph Model 83 for the Japan Meteorological Agency Network. (Seismology and Volcanology 
Research Division, 1983) 

第８号 大気中における雪片の融解現象に関する研究（物理気象研究部，1984）
The Study of Melting of Snowflakes in the Atmosphere. (Physical Meteorology Research Division, 1984) 

第９号 御前崎南方沖における海底水圧観測（地震火山研究部・海洋研究部，1984）
Bottom Pressure Observation South off Omaezaki, Central Honsyu. (Seismology and Volcanology Research Division and 
Oceanographical Research Division, 1984) 

第 10号 日本付近の低気圧の統計（予報研究部，1984）
Statistics on Cyclones around Japan. (Forecast Research Division, 1984) 

第 11号 局地風と大気汚染質の輸送に関する研究（応用気象研究部，1984）
Observations and Numerical Experiments on Local Circulation and Medium－Range Transport of Air Pollutions. 
(Applied Meteorology Research Division, 1984) 

第 12号 火山活動監視手法に関する研究（地震火山研究部，1984）
Investigation on the Techniques for Volcanic Activity Surveillance. (Seismology and Volcanology Research Division, 
1984)

第 13号 気象研究所大気大循環モデル－ （MRI・GCM－ ）（予報研究部，1984）
A Description of the MRI Atmospheric General Circulation Model (The MRI・GCM－ ). (Forecast Research Division, 
1984)

第 14号 台風の構造の変化と移動に関する研究－台風 7916の一生－（台風研究部，1985）
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) 

第 15号 波浪推算モデルMRIとMRI－ の相互比較研究－計算結果図集－（海洋気象研究部，1985）
An Intercomparison Study between the Wave Models MRI and MRI－ － A Compilation of Results－
(Oceanographical Research Division, 1985) 

第 16号 地震予知に関する実験的及び理論的研究（地震火山研究部，1985）
Study on Earthquake Prediction by Geophysical Method. (Seismology and Volcanology Research Division, 1985) 

第 17号 北半球地上月平均気温偏差図（予報研究部，1986）
Maps of Monthly Mean Surface Temperature Anomalies over the Northern Hemisphere for 1891－1981. (Forecast 
Research Division, 1986)  

第 18号 中層大気の研究（高層物理研究部・気象衛星研究部・予報研究部・地磁気観測所，1986）
Studies of the Middle Atmosphere. (Upper Atmosphere Physics Research Division, Meteorological Satellite Research 
Division, Forecast Research Division, MRI and the Magnetic Observatory, 1986) 

第 19 号 ドップラーレーダによる気象・海象の研究（気象衛星研究部・台風研究部・予報研究部・応用気象研究部・海
洋研究部，1986）
Studies on Meteorological and Sea Surface Phenomena by Doppler Radar. (Meteorological Satellite Research Division, 
Typhoon Research Division, Forecast Research Division, Applied Meteorology Research Division, and Oceanographical 
Research Division, 1986) 

第 20号 気象研究所対流圏大気大循環モデル（MRI・GCM－ ）による 12年間分の積分（予報研究部，1986）
Mean Statistics of the Tropospheric MRI・GCM－ based on 12－year Integration. (Forecast Research Division, 1986) 
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第 21号 宇宙線中間子強度 1983－1986（高層物理研究部，1987）
Multi－Directional Cosmic Ray Meson Intensity 1983－1986. (Upper Atmosphere Physics Research Division, 1987) 

第 22号 静止気象衛星「ひまわり」画像の噴火噴煙データに基づく噴火活動の解析に関する研究（地震火山研究部， 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) 

第 23号 オホーツク海海洋気候図（篠原吉雄・四竃信行，1988）
Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988) 

第 24号 海洋大循環モデルを用いた風の応力異常に対する太平洋の応答実験（海洋研究部，1989）
Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model. 
(Oceanographical Research Division, 1989) 

第 25号 太平洋における海洋諸要素の季節平均分布（海洋研究部，1989）
Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989) 

第 26号 地震前兆現象のデータベース（地震火山研究部，1990）
Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990) 

第 27号 沖縄地方における梅雨期の降水システムの特性（台風研究部，1991）
Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991) 

第 28号 気象研究所・予報研究部で開発された非静水圧モデル（猪川元興・斉藤和雄，1991）
Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K. 
Saito, 1991) 

第 29 号 雲の放射過程に関する総合的研究（気候研究部・物理気象研究部・応用気象研究部・気象衛星・観測システム
研究部・台風研究部，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) 

第 30号 大気と海洋・地表とのエネルギー交換過程に関する研究（三上正男・遠藤昌宏・新野 宏・山崎孝治，1992）
Studies of Energy Exchange Processes between the Ocean－Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H. 
Niino, and K. Yamazaki, 1992) 

第 31号 降水日の出現頻度からみた日本の季節推移－30年間の日降水量資料に基づく統計－（秋山孝子，1993）
Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. －Statistics of Daily 
Precipitation Data During 30 Years－(T. Akiyama, 1993) 

第 32号 直下型地震予知に関する観測的研究（地震火山研究部，1994）
Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research 
Department, 1994) 

第 33号 各種気象観測機器による比較観測（気象衛星・観測システム研究部，1994）
Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research 
Department, 1994) 

第 34号 硫黄酸化物の長距離輸送モデルと東アジア地域への適用（応用気象研究部，1995）
The Long－Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology 
Research Department, 1995) 

第 35号 ウインドプロファイラーによる気象の観測法の研究（気象衛星・観測システム研究部，1995）
Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System 
Research Department, 1995) 

第 36号 降水・落下塵中の人工放射性核種の分析法及びその地球化学的研究（地球化学研究部，1996）
Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical 
Research Department, 1996) 

第 37号 大気と海洋の地球化学的研究（1995年及び 1996年）（地球化学研究部，1998）
Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998) 

第 38号 鉛直２次元非線形問題（金久博忠，1999）
Vertically 2-dmensional Nonlinear Problem (H. Kanehisa, 1999) 

第 39号 客観的予報技術の研究（予報研究部，2000）
Study on the Objective Forecasting Techniques（Forecast Research Department, 2000）

第 40号 南関東地域における応力場と地震活動予測に関する研究（地震火山研究部，2000）
Study on Stress Field and Forecast of Seismic Activity in the Kanto Region（Seismology and Volcanology Research 
Department, 2000）

第 41 号 電量滴定法による海水中の全炭酸濃度の高精度分析および大気中の二酸化炭素と海水中の全炭酸の放射性炭素
同位体比の測定（石井雅男・吉川久幸・松枝秀和，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）

第 42号 気象研究所／数値予報課統一非静力学モデル（斉藤和雄・加藤輝之・永戸久喜・室井ちあし，2001）
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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第 43 号 大気および海水中のクロロフルオロカーボン類の精密測定と気象研究所クロロフルオロカーボン類標準ガスの
確立（時枝隆之・井上(吉川)久幸，2004）
Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale 
(Takayuki Tokieda and Hisayuki Y. Inoue，2004) 

第 44号 PostScriptコードを生成する描画ツール"PLOTPS"マニュアル（加藤輝之，2004）
Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato，2004)

第 45 号 気象庁及び気象研究所における二酸化炭素の長期観測に使用された標準ガスのスケールとその安定性の再評価
に関する調査・研究（松枝秀和・須田一人・西岡佐喜子・平野礼朗・澤 庸介・坪井一寛・堤 之智・神谷ひ
とみ・根本和宏・長井秀樹・吉田雅司・岩野園城・山本 治・森下秀昭・鎌田匡俊・和田 晃，2004）
Re-evaluation for scale and stability of CO2 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)

第 46号 地震発生過程の詳細なモデリングによる東海地震発生の推定精度向上に関する研究（地震火山研究部, 2005）
A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology 
and Volcanology Research Department, 2005) 

第 47号 気象研究所共用海洋モデル（MRI.COM）解説（海洋研究部, 2005）
Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department, 
2005)

第 48号 日本海降雪雲の降水機構と人工調節の可能性に関する研究（物理気象研究部・予報研究部, 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) 

第 49号 2004年日本上陸台風の概要と環境場（台風研究部, 2006）
Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006) 

第 50号 栄養塩測定用海水組成標準の 2003年国際共同実験報告（青山道夫, 2006）
2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama, 
2006)

第 51 号 大気および海水中の超微量六フッ化硫黄(SF6)の測定手法の高度化と SF6標準ガスの長期安定性の評価（時枝隆
之、石井雅男、斉藤 秀、緑川 貴, 2007）
Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SF6) and evaluation of SF6 standard 
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007) 

第 52号 地球温暖化による東北地方の気候変化に関する研究（仙台管区気象台, 環境・応用気象研究部, 2008）
Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory, 
Atmospheric Environment and Applied Meteorology Research Department, 2008) 

第 53号 火山活動評価手法の開発研究（地震火山研究部, 2008）
Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008) 

第 54号 日本における活性炭冷却捕集およびガスクロ分離による気体計数システムによる 85Kr の測定システムの構築お
よび 1995 年から 2006 年の測定結果（青山道夫, 藤井憲治, 廣瀬勝己, 五十嵐康人, 磯貝啓介, 新田 済, Hartmut 
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008）
Establishment of a cold charcoal trap-gas chromatography-gas counting system for 85Kr 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) 

第 55号 長期係留による 4種類の流速計観測結果の比較（中野俊也, 石崎 廣, 四竈信行, 2008）
Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi 
Ishizaki and Nobuyuki Shikama, 2008) 

第 56 号 CMIP3 マルチモデルアンサンブル平均を利用した将来の海面水温・海氷分布の推定（水田 亮, 足立恭将, 行本
誠史, 楠 昌司, 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) 

第 57 号 閉流路中のフローセルを用いた分光光度法自動分析装置による海水の高精度 pHT測定（斉藤 秀, 石井雅男, 緑
川 貴, 井上（吉川）久幸, 2008）
Precise Spectrophotometric Measurement of Seawater pHT with an Automated Apparatus using a Flow Cell in a Closed 
Circuit（Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008）

第58号 栄養塩測定用海水組成標準の2006年国際共同実験報告（青山道夫,J. Barwell-Clarke, S. Becker, M. Blum, Braga E.S., 
S. C. Coverly, E. Czobik, I. Dahllöf, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes, 
Ming-Ming Jin, 葛西広海, R. Kerouel, 清本容子, M. Knockaert, N. Kress, K. A. Krogslund, 熊谷正光, S. Leterme, 
Yarong Li, 増田真次, 宮尾 孝, T. Moutin, 村田昌彦, 永井直樹, G. Nausch, A. Nybakk, M. K. Ngirchechol, 小川浩史,
J. van Ooijen, 太田秀和, J. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, 齊藤一浩, 佐藤憲一郎, C. 
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 芳村 毅, 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. Dahllöf, 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）

第 59号 気象研究所共用海洋モデル(MRI.COM)第 3版解説（辻野博之, 本井達夫, 石川一郎, 平原幹俊, 中野英之, 山中吾
郎, 安田珠幾, 石崎廣（気象研究所海洋研究部）, 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）

第 60号 栄養塩測定用海水組成標準の 2008年国際共同実験報告（青山道夫, Carol Anstey, Janet Barwell-Clarke, François 
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’amico, Ingela Dahllöf, 
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, 平山篤史, 井上博敬,
石田雄三, David J. Hydes, 葛西広海, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, 熊谷正光,
Sophie C. Leterme, Claire Mahaffey, 光田均, Pascal Morin, Thierry Moutin, Dominique Munaron, 村田昌彦, Günther 
Nausch, 小川浩史, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove, 
Patrick Raimbault, Malcolm Rose, 齊藤一浩, 斉藤宏明, 佐藤憲一郎, Cristopher Schmidt, Monika Schütt, Theresa M. 
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward, 
Paul Worsfold, 芳村毅, Agnès Youénou, Jia-Zhong Zhang, 2010）
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater（青山道夫, Carol Anstey, Janet 
Barwell-Clarke, François Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahllöf, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, 平
山篤史, 井上博敬, 石田雄三, David J. Hydes, 葛西広海, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. 
Krogslund, 熊谷正光, Sophie C. Leterme, Claire Mahaffey, 光田均, Pascal Morin, Thierry Moutin, Dominique Munaron, 
村田昌彦 , Günther Nausch, 小川浩史 , Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier 
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, 齊藤一浩, 斉藤宏明, 佐藤憲一郎, Cristopher 
Schmidt, Monika Schütt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, 
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, 芳村毅, Agnès Youénou, Jia-Zhong Zhang, 2010）

第 61号 強雨をもたらす線状降水帯の形成機構等の解明及び降水強度・移動速度の予測に関する研究（大阪管区気象台･
彦根地方気象台･京都地方気象台･奈良地方気象台･和歌山地方気象台･神戸海洋気象台･松江地方気象台･鳥取地
方気象台･舞鶴海洋気象台･広島地方気象台･徳島地方気象台･予報研究部, 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）

第 62号 WWRP北京オリンピック 2008予報実証/研究開発プロジェクト（齊藤和雄, 國井勝, 原昌弘, 瀬古弘, 原旅人, 山
口宗彦, 三好建正, 黄偉健, 2010）

   WWRP Beijing Olympics 2008 Forecast Demonstration/Research and Development Project (B08FDP/RDP)（Kazuo Saito, 
Masaru Kunii, Masahiro Hara, Hiromu Seko, Tabito Hara, Munehiko Yamaguchi, Takemasa Miyoshi and Wai-kin Wong, 
2010）

第 63号 東海地震の予測精度向上及び東南海・南海地震の発生準備過程の研究, 地震火山研究部, 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) 
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