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What is What is ““The KThe K--1 Project1 Project”” ??
Joint project : CCSR + NIES + FRSGCJoint project : CCSR + NIES + FRSGC
Funded by Ministry of Education, Culture, Funded by Ministry of Education, Culture, 
Sports, Science and Technology of JapanSports, Science and Technology of Japan
First item of Research Revolution 2002First item of Research Revolution 2002
““KKyouseiyousei Project Dai Project Dai 11 KadaiKadai”” in Japanesein Japanese

Develop a highDevelop a high--resolution climate models for resolution climate models for 
the Earth Simulatorthe Earth Simulator
Contribute to the IPCC AR4Contribute to the IPCC AR4
Understand dynamics of climate systemUnderstand dynamics of climate system



The Earth SimulatorThe Earth Simulator
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The CCSR/NIES/FRSGC Coupled The CCSR/NIES/FRSGC Coupled 
OceanOcean--Atmosphere GCM for the Earth Atmosphere GCM for the Earth 

Simulator:Simulator: MIROC 3.1MIROC 3.1
Atmosphere: Spectral T106 (120km) 56 levels Atmosphere: Spectral T106 (120km) 56 levels 
Ocean & Ice: Grid 1/4Ocean & Ice: Grid 1/4

oo
x1/6x1/6

oo
48 levels  48 levels  

Land:  1/2Land:  1/2
oo
x1/2x1/2

oo
MATSIRO SVATS modelMATSIRO SVATS model

River: 1/2River: 1/2
oo
x1/2x1/2

o  o  
TRIP river routing modelTRIP river routing model

Parallelized with MPI on 80PE for Parallelized with MPI on 80PE for atmosatmos. and . and 
608PE for ocean (13% of whole ES)608PE for ocean (13% of whole ES)
AtmosAtmos. and ocean run simultaneously on separate . and ocean run simultaneously on separate 
PE groups (MPMD coupling).PE groups (MPMD coupling).

No flux correction appliedNo flux correction applied



HiHi--CGCM: a pilot 40CGCM: a pilot 40--yr integrationyr integration



MidMid--CGCM*CGCM* HiHi--CGCMCGCM

Parameter adjustment

*T42L20+1ox1.4oL43



HiHi--CGCMCGCM

ObsObs..



HiHi--CGCMCGCM
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ObsObs..



HiHi--CGCMCGCM

ObsObs..



ObsObs..

HiHi--CGCMCGCM



HiHi--CGCMCGCM
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Standard DeviationStandard Deviation
of SSTof SST

ObsObs..

HiHi--CGCMCGCM

MidMid--CGCMCGCM



Atlantic Atlantic 
ThermohalineThermohaline CirculationCirculation



Atlantic Overturning CirculationAtlantic Overturning Circulation

OGCMOGCM

HiHi--CGCMCGCM



JJA precipitationJJA precipitation

ObsObs..

HiHi--CGCMCGCM

MidMid--CGCMCGCM



Looking at higher moment statistics?Looking at higher moment statistics?
--Verification of daily rainfall frequency over Japan Verification of daily rainfall frequency over Japan --

(120(120--140E, 30N140E, 30N--40N)40N)

CGCM results



Tropical Cyclone TracksTropical Cyclone Tracks

ObservedObserved
(872)(872)

AGCMAGCM
(674)(674)

CGCMCGCM
(228)(228)



The KThe K--1 Japan Project team is 1 Japan Project team is 
supposed to conductsupposed to conduct……

CMIPCMIP--type run (1% per year increase in COtype run (1% per year increase in CO22))
20th century climate reproduction20th century climate reproduction
SRES scenario runsSRES scenario runs
-- A1B and B1 scenarios with HiA1B and B1 scenarios with Hi--CGCMCGCM
-- All 6 marker scenarios with MidAll 6 marker scenarios with Mid--CGCMCGCM

Stabilization runsStabilization runs
-- Nominal 750 Nominal 750 ppmvppmv stab. after 2100 (SRES A1B)stab. after 2100 (SRES A1B)
-- Nominal 550 Nominal 550 ppmvppmv stab. after 2100 (SRES B1)stab. after 2100 (SRES B1)
-- Should we do nonShould we do non--COCO22 GHG scenario runs ???GHG scenario runs ???



A pilot A pilot 
CMIPCMIP--type type 
experiment experiment 

withwith
HiHi--CGCM

~ 4.7~ 4.7ooC/100yrC/100yr

CGCM





20th century run20th century run

External forcing fields are completedExternal forcing fields are completed
Coupled with aerosol transport modelCoupled with aerosol transport model
Include major four species of aerosols (sulfate, Include major four species of aerosols (sulfate, 
carbonaceous, sea salt, and soil dust)carbonaceous, sea salt, and soil dust)
Include 1st and 2nd kind indirect effectInclude 1st and 2nd kind indirect effect
Preliminary runs are conducted by using the Preliminary runs are conducted by using the 
middle resolution AGCM forced by middle resolution AGCM forced by HadISSTHadISST & & 
HadICEHadICE



External External ForcingsForcings
Natural Natural forcingsforcings

Solar variability (Lean et al., 1995)Solar variability (Lean et al., 1995)
Volcanic aerosols in the stratosphere  (Sato et al., 1993)Volcanic aerosols in the stratosphere  (Sato et al., 1993)
TerpeneTerpene and continuous volcanic eruptionsand continuous volcanic eruptions

Anthropogenic Anthropogenic forcingsforcings
WellWell--mixed greenhouse gasesmixed greenhouse gases
Stratospheric ozone depletionStratospheric ozone depletion
TroposphericTropospheric ozone increase ozone increase 
Sulfate aerosols due to fossil fuel useSulfate aerosols due to fossil fuel use
Carbonaceous aerosols due to fossil fuel combustion, Carbonaceous aerosols due to fossil fuel combustion, 
agricultural waste burning, agricultural waste burning, fuelwoodfuelwood consumption, and consumption, and 
forest firesforest fires

Sea salt and soil dust aerosols are calculated from Sea salt and soil dust aerosols are calculated from 
meteorological variables (wind speed, soil moisture, meteorological variables (wind speed, soil moisture, 
etc.) and are not considered as external forcingetc.) and are not considered as external forcing



Historical Emission of Historical Emission of 
Anthropogenic SOAnthropogenic SO22

CountryCountry--base historical inventorybase historical inventory
((LefohnLefohn et al., 1999) et al., 1999) 

GriddedGridded with population distribution map with population distribution map 
obtained from SEDAC and HYDE databaseobtained from SEDAC and HYDE database



Historical Emission of Historical Emission of 
Anthropogenic Black CarbonAnthropogenic Black Carbon

CountryCountry--base historical inventory ofbase historical inventory of
UN Energy Statistics, IEA Energy Balances, UN Energy Statistics, IEA Energy Balances, 
International Historical Statistics for fossil fuel International Historical Statistics for fossil fuel 
combustioncombustion
FAOSTAT, FAO Production Yearbook, FAOSTAT, FAO Production Yearbook, 
International Historical Statistics for agricultural International Historical Statistics for agricultural 
waste burningwaste burning
FAOSTAT and a few population data for fuelwood FAOSTAT and a few population data for fuelwood 
consumptionconsumption
GEIA scaled by historical population numbers for GEIA scaled by historical population numbers for 
forest fireforest fire

GriddedGridded by population distributionby population distribution



Simulated Column Aerosol BurdenSimulated Column Aerosol Burden



Simulated Column Aerosol BurdenSimulated Column Aerosol Burden



Global & Annual Mean SAT ChangeGlobal & Annual Mean SAT Change



Linear temperature Linear temperature 
trendtrend

(1910(1910--1945)1945)

OBSOBS

No INDIRECTNo INDIRECT With INDIRECTWith INDIRECT



Linear temperature Linear temperature 
trendtrend

(1946(1946--1975)1975)

OBSOBS

No INDIRECTNo INDIRECT With INDIRECTWith INDIRECT



Linear temperature Linear temperature 
trendtrend

(1976(1976--2000)2000)

OBSOBS

No INDIRECTNo INDIRECT With INDIRECTWith INDIRECT



Global & Annual Mean Global & Annual Mean PrecipPrecip. . 
ChangeChange



Global & Annual Mean Changes Global & Annual Mean Changes 
in Cloud in Cloud RadiativeRadiative ForcingForcing

No INDIRECT
With INDIRECT



Cloud Top Effective Cloud RadiusCloud Top Effective Cloud Radius



Climate sensitivityClimate sensitivity

Highly sensitive to cloud water phase diagnosisHighly sensitive to cloud water phase diagnosis
Further observation needed for evaluationFurther observation needed for evaluation



How should cloud water phase be determined？

. . . further observation needed for evaluation. 
Is climate sensitivity affected by modifying FLIQ (CCSR UK)?
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Doubled CO2 sensitivity
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Doubled CO2 sensitivity is 1.1oC lower for UK-type than CCSR.



SummarySummary
HiHi-- & Mid& Mid--CGCMsCGCMs have been integrated successfully have been integrated successfully 
without flux adjustment.without flux adjustment.
Resolution helps for resolving smallerResolution helps for resolving smaller--scale scale 
disturbances.disturbances.
-- Able to discuss changes in regional weather, including Able to discuss changes in regional weather, including BaiuBaiu--

frontal rainfallfrontal rainfall
An improved version of the HiAn improved version of the Hi--CGCM by the end of CGCM by the end of 
FY2003FY2003
-- Introduction of an onIntroduction of an on--line aerosol transport; direct, 1line aerosol transport; direct, 1stst and and 

22ndnd indirect effectsindirect effects
-- Better organized tropical convective systems; typhoons, Better organized tropical convective systems; typhoons, …… , , 

and ENSOand ENSO
-- More control over climate sensitivity, highMore control over climate sensitivity, high--latitude oceanic latitude oceanic 

eddies and NADWeddies and NADW



Thank you for your Thank you for your 
attention !attention !
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