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EarthEarth’’s climate and its changess climate and its changes

!! Climate: Persistent characteristics of the weatherClimate: Persistent characteristics of the weather
(Temperature, humidity, wind velocity...)(Temperature, humidity, wind velocity...)

!! Ocean, land and ice to be included in the modern viewOcean, land and ice to be included in the modern view

!! EarthEarth’’s fluid dynamics and physical/chemical conditions fluid dynamics and physical/chemical condition

!! Characteristic cyclesCharacteristic cycles

�� Weather (several days)Weather (several days)

�� Seasonal change (12 months)Seasonal change (12 months)

�� El Nino/La Nina change (4 years)El Nino/La Nina change (4 years)

�� Decadal change (10 years)Decadal change (10 years)

�� ???? (100 years to 10 Ka)???? (100 years to 10 Ka)

�� Glacial/Interglacial change, Glacial/Interglacial change, Milankovitch Milankovitch cycle (100cycle (100
Ka)Ka)

�� Continental drift, Wilson cycle (0.5 Continental drift, Wilson cycle (0.5 BaBa))

�� Earth and solar evolution (4.5 Earth and solar evolution (4.5 BaBa))
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Weather forecastingWeather forecasting

!! WavelengthWavelength

!! Attenuation Attenuation coeffcoeff..
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Man-made effects...Man-made effects...

from Scripps Institute web

University time
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"CO2= fossil fuel - forest - ocean

"O2 = 1.4 x fossil fuel + 1.1 x forest
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Planetary albedo and emissivity

Surface albedo

RF at tropopause

3 GHGs: +3 W/m2

3Aerosol: - 1 W/m2

3Cloud: -15 W/m2

Solar radiationSolar radiation

342 W/m2
102 W/m2

Greenhous

e &
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240 W/m2

385 W/m2

345 W/m2170 W/m2

Air pollution

Terrestrial (thermal)Terrestrial (thermal)

radiationradiationEarthEarth’’s s radiative radiative energy budgetenergy budget

Linear exp. coeff. (k
L
)

 Iron: 1.1E-5 /deg

Volume exp. coeff. (k
V
)

 Water: 2.1E-4/deg

 Alcohol: 1.2E-3/deg

 Mercury: 1.8E-4/deg

Current ocean column     Warmed column

Sea level change due to temperature changeSea level change due to temperature change
!! 1 degree increase impact1 degree increase impact

�� 1 km train 1 km train rairai: : dL dL = = kk
LL
  x L = 1.1E-5 x 1E5 cm = 1.1 cmx L = 1.1E-5 x 1E5 cm = 1.1 cm

�� 300m depth ocean thermal expansion300m depth ocean thermal expansion

dxdx=k=k
VV
 x  x DD = 2.1E-4 x 3E4 cm = 6.3 cm = 2.1E-4 x 3E4 cm = 6.3 cm

�� 4000m depth ocean thermal expansion4000m depth ocean thermal expansion

dxdx=k=k
VV
 x  x DD = 2.1E-4 x 4E5 cm = 84 cm = 2.1E-4 x 4E5 cm = 84 cm

!! cfcf. Total melting of Greenland ice: 7m;  Antarctic ice: 70m. Total melting of Greenland ice: 7m;  Antarctic ice: 70m



Surface air temperature change 

(A1B scenario; from 1900)

Center for Climate System Research, Univ. Tokyo

National Institute for Environmental Studies

Frontier Research Center for Global Change, JAMSTEC

Climate predictionClimate prediction

!! Uncertainties still large Uncertainties still large

!! Model  Model uncertailtyuncertailty: half: half

!! PDF PDF
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Forcing mechanismsForcing mechanisms

!! Greenhouse and parasol effectsGreenhouse and parasol effects

!! Direct scattering and absorption of radiation (Direct effect)Direct scattering and absorption of radiation (Direct effect)

!! Increased cloud droplet number (Decreased size; 1st indirect effect)Increased cloud droplet number (Decreased size; 1st indirect effect)

!! Decreased Decreased precipprecip. efficiency (Cloud lifetime effect, 2nd indirect effect). efficiency (Cloud lifetime effect, 2nd indirect effect)

!! Increased top height, fraction etc. (Other indirect effects)Increased top height, fraction etc. (Other indirect effects)
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Radiative Radiative forcing driving the climate systemforcing driving the climate system

!! RF= RF= Radiative Radiative energy imbalance at energy imbalance at tropopause tropopause whenwhen
the factor changes with the environment is as thethe factor changes with the environment is as the
same; Net = SW + LW  (W/msame; Net = SW + LW  (W/m22))

!! Positive: warming; negative: coolingPositive: warming; negative: cooling
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RF changes during 1850-2000        IPCC/AR4RF changes during 1850-2000        IPCC/AR4

Stern (2005)

Sulfur emission by human activitiesSulfur emission by human activities

during 1850-2000during 1850-2000

Social regime changed



STANDING UP FOR FREEDOM: Russian Federation President Boris Yeltsin stood atop an armored

personnel carrier in Moscow Aug. 19, 1991, to urge Russians to resist a central government takeover by

Soviet hardliners. Russians proved their courage and their love for freedom in 1991, ending Soviet domination

in Eurasia with a peaceful determination that stood in stark contrast to the terror imposed on them for seven

decades. AP Photo (http://www.fas.org/news/russia/2000/russia/part01.htm)

1991: THE FALL OF THE SOVIET UNION AND THE RISE OF RUSSIA1991: THE FALL OF THE SOVIET UNION AND THE RISE OF RUSSIA

Air pollution in the India and BangladeshAir pollution in the India and Bangladesh

NASA TERRA/MODISNASA TERRA/MODIS
Global scale air pollutionGlobal scale air pollution

Australian clouds under effect of airAustralian clouds under effect of air

pollution (D. Rosenfeld)pollution (D. Rosenfeld)

1997 Indonesian forest fire1997 Indonesian forest fire



Issues in aerosol impactsIssues in aerosol impacts

!! Assessment still has large uncertaintiesAssessment still has large uncertainties

!! Clouds getting brighter to cancel the warmingClouds getting brighter to cancel the warming

!! Surface forcing of aerosols much larger than GHGSurface forcing of aerosols much larger than GHG

forcingforcing

!! that causes spatial that causes spatial inhomogeneity inhomogeneity of forcingof forcing

!! to change circulation and precipitationto change circulation and precipitation

IPCC-AR4, ch10
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Cloud modeling by General Circulation models (Cloud modeling by General Circulation models (GCMsGCMs))
!! Clouds accelerate or Clouds accelerate or deccelate deccelate the warming?the warming?

!! Uncertainties not reducedUncertainties not reduced

!! Deep convective cloud change???Deep convective cloud change???
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Katrina and Typhoon#14Katrina and Typhoon#14

http://www.geocities.jp/sora2005/2koramu1KATORI-NAHIKAKU.html

KatrinaKatrina

#14#14

� Sugi et al., ,2002)

Typhoon paths

Stabiiization

CO2 overlapping

effect

1xCO2 2xCO2

� %) � 0!'* � %.2

Hasegawa and Emori (2005)

MRI

Typhoon change?Typhoon change?



Jan.,Feb., Mar.

Apr., May, Jun.
Jul., Aug., Sep.

Oct., Nov., Dec.

(Oouchi et al., 2005)

Max surface wind speed

(m/s)

Persising Baiu front activity
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Days w/ Max Temp.>30oC

Days w/ 100mm/day rain

Hot summer days increase

Heavy rain increases

Hydrological cycle changeHydrological cycle change

Kimoto (2005) MIROC exp



Precipitation and tropical cyclones change?Precipitation and tropical cyclones change?

!! High impact to water resource and crop productionHigh impact to water resource and crop production
assessmentassessment

!! Tropical cyclones may decrease in frequency, butTropical cyclones may decrease in frequency, but
increase intensityincrease intensity

!! Intense rainfall may increase in East AsiaIntense rainfall may increase in East Asia

!! Baiu Baiu frontal activity may become more persistentfrontal activity may become more persistent

!! Still not fully confirmed by observationStill not fully confirmed by observation

�� Knutson and Knutson and Tuleya Tuleya (2004), Emanuel (2005),(2004), Emanuel (2005),
Webster et al. (2005), Chan (2006) etcWebster et al. (2005), Chan (2006) etc

�� GPCP data not showing a similar trendGPCP data not showing a similar trend

!! High resolution modeling neededHigh resolution modeling needed

!! also for Ocean current simulation: Primary and fishalso for Ocean current simulation: Primary and fish
production in oceanproduction in ocean

FRCGC/NICAM (non-hydrostatic model, 3.5km)FRCGC/NICAM (non-hydrostatic model, 3.5km)

 (Masaki. Sato) (Masaki. Sato)

GOES NICAM



Other issuesOther issues

!! More processes should be included in climate modelingMore processes should be included in climate modeling

!! Dynamic global vegetation models (DGVM)Dynamic global vegetation models (DGVM)

!! OishiOishi’’s s experiment to introduction of DVM for 4xCO2experiment to introduction of DVM for 4xCO2

�� Land biota C budget: -78 Land biota C budget: -78 GtC GtC of respirationof respiration

�� Soil C budget: +25GtC of organic matterSoil C budget: +25GtC of organic matter
decompositiondecomposition

�� DGVM made a net increase of +328GtCDGVM made a net increase of +328GtC

�� Warming: +8Warming: +8 �� +20K+20K vs  vs DGVM contribution: +1DGVM contribution: +1 �� +4K+4K

!! Dynamic vegetation mechanisms may accelerate theDynamic vegetation mechanisms may accelerate the
warmingwarming

!! Solar forcing highly uncertain in 100 to 1000 yearSolar forcing highly uncertain in 100 to 1000 year
changechange

!! Can we learn from Can we learn from paleo paleo climate study?climate study?

�� Glacial periodGlacial period

�� 100 years to 10 Ka change is not well understood100 years to 10 Ka change is not well understood

SOLRSOLRNTRLNTRL

VLCNVLCN

K-1 ProjectK-1 Project

Simulation of 20th century climateSimulation of 20th century climate



Milankovitch Milankovitch cycle of glacial/ interglacial cyclecycle of glacial/ interglacial cycle

+ CO2+ CO2

+ crust deformation+ crust deformation

EarthEarth’’s orbitals orbital

change onlychange only

A. Abe (2006)A. Abe (2006)

100Ka saw-tooth like variation may be caused by a non-linear100Ka saw-tooth like variation may be caused by a non-linear

feedback in the atmosphere-ice sheet-earthfeedback in the atmosphere-ice sheet-earth’’s crust system.s crust system.

Feedback through deepFeedback through deep

ocean currentocean current

Fresh water input

Air temp. in Greenland

Current condition

Glaciar period

A. Abe et al.� 2007 �



MilestonesMilestones
20052005 201020102001200119911991

1st period (2004-2009) 1st period (2004-2009) 

9999

ExternalExternal

ReviewReview

Earth Simulator (2002-)Earth Simulator (2002-) 10PFlops10PFlops

machinemachine

IPCCIPCC-AR4-AR4

RR2002 RR2002 44 2002-2002-

2006)2006)

UNFCCC 1st commitmentUNFCCC 1st commitment

period (2008-2012)period (2008-2012)

Global 3.5kmGlobal 3.5km100km100km

RR2007 RR2007 44 2007-20112007-2011

2nd period2nd period

Hirabayashi Hirabayashi et al. (2006)et al. (2006)

Drought frequencyDrought frequency

Flood frequencyFlood frequency

Climate simulationClimate simulation

toto

AssessmentsAssessments

Winter wheat yieldWinter wheat yield

(Yang, 2006)(Yang, 2006)



Fusion of Science and

Engineering methodologies

A problem of

electromagnitics

Cloud formation

Processes

Complex system

Development of modeling

and computers

Solar radiation

transfer

A paradigm shift

Biomass              Human activities

Electric power

supply esimtate

Multiple sacttering

ConclusionsConclusions

!! Various change mechanisms being simulatedVarious change mechanisms being simulated

!! Large uncertainties still existLarge uncertainties still exist

!! Cloud and precipitation process difficultCloud and precipitation process difficult

!! Applications being increased with model getting moreApplications being increased with model getting more

comprehensivecomprehensive

!! Science and engineering methods to be combined forScience and engineering methods to be combined for

simulating the complex systemsimulating the complex system

!! Impact studies startedImpact studies started

!! We need large computersWe need large computers

!! We MUST reduce human activity stresses to natureWe MUST reduce human activity stresses to nature




