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Solar radiation

Earth’s radiative energy budget
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Planetary albedo and emissivity

RF at tropopause
u GHGs: +3 W/m?2
uAerosol: - 1 W/m?2
uCloud: -15 W/m?2
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ea level change due to termperature charnge
e |degreeincrease impact
Lrn tradn ral: dl =4 0 L=11E-5 x1ES cm = 1.1 cm
0 300rn depth ocean thermal e/pansion
dy=k, «D=21E-4 x3E4d crn = 86.3 cm
0 4000m depth ocean thermal e/pansion
=k, £ D=2 1E-4 X 4E5 crn = 84 ¢
o cf. Total melting of Greenland ice: 7rm; Antarctic ice: 70m
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Forcing mechanisms

e Greenhouse and parasol effects
e Direct scattering and absorption of radiation (Direct effect)
e Increased cloud droplet number (Decreased size; 1st indirect effect)
e Decreased precip. efficiency (Cloud lifetime effect, 2nd indirect effect)
e Increased top height, fraction etc. (Other indirect effects)
Solar
radiation Reflected Thermal
T T
® Collision &
Condensatio coagulation
n ® . .« ’
K 1 o Precipitation
)
oNucleation : R
R Aergselo ‘O o Greenhouse °o
o Evaporation  parasol effect o %  CleCt o %o
Radiative forcing driving tnhe clirnate systern
® RF= e cllauve ener J/ imbelance at tropopalise wrier

s wWith the environment is as the
W (Wirn?)

e Positive: warming; negative: cooling

Y

\ h]
—
[ab)
L"\
(S } —_
(@)
N
(‘\
=
N>
= 3
\u:
- D
— v

G

Solar Thermal radiations

Fg=F|, Fg+AF F} +AFT, F'g=F']
AN
vV U
CH N> CD — n
T T T'




[uring 1850-2000 IPCCIARA

(@n)
23
o
2
©
®
(3]
M

U2

| ——

()

Ifur ernission by nurmen activities
Iring 1850-2000

—

Social regime changed

v

Stern (2005)




Global scale air pollution

Alfpollutionfin thelndiarand Bangladesh

1997 Indornesian forest fire




e Clouds getting orighter to cancel itne w ermmg
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Surface forcing of aerosols muchn larger tnan GHG

Cloud mocdzling by Cizneral Clreculation mocdels (GCNs)
lr

e Clouds acvele reite or de g,elue le warrming?
e Uncertainties not reduced
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e Deep convective cloud change??? o 2%xCO2
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Apr., May, Jun.
e JU, Aug., Sep.
Oct., Nov., Dec.
Max surface wind speed
(m/s)
(Oouchi et al., 2005)
rlycdrolodical cycla chzrngs Days wi Max Temp.>30°C
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Hot summer days increase
o
o Days w/ 100mm/day rain
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Heavy rain increases
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Precipltation and tropical cyclones charng

o rlign impact to water resource and crop production
ssessment

» Tropical r/rlomw may decrease in frequency, out
increase intensity
o Intense rainfall mrl/ increase in East Asia
o Baiu frontal activity may becorme more gersistent
o Siill notfully ¢ mrmecl 0y observatior
0 nutson and Tuleya (/OO b, Ermnanuel (2009),

il
Wepster et al. (2005), Chean (2008) eic
1 GRPCP data not showing a sirmilar trend
o rlign resolution rnodeling needed

o also for Ocean current sirmulation: Prirmary and fisn
oroduction in ocear

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




e More processes snould e included in climate rmodeling
e Dynamic global vegetation models (D J\/J\/U
e Oishi's experiment to introduction of DVM for 4,C02

0 Land piota C budget: -78 GiC of respiration

1 Soll Chudget: +25GtC of organic matter

decomposition

1 DGVYM made anet increase of +328GiC

0 \/\/?lrmmg‘ +eA-+201 vs DGV conftripution: +18-+41
e Dynamic vegetation mechanisms mey accelerate the

WL g
° ”‘Jlﬂr forcing nighly uncertain in 100 to 1000 year
henge
e Can welearn from paleo climate study?
0 Glacial period
o 100 vyears to 10 Fa change is not well understood

sirnulation of 20tn century clirmeie
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Milankovitch cycle of glacial/ interglacial cycle

AL Abe (2006)

Earth’s orbital
change only

+ crust deformation

+ CO2
100K a saw-tooth ke rlrJrlFJJﬂ nay be caused by a non-linear
feedback i E'Je atrnosphere-ice shesi-zarth’s crust sysiem.
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ocezr current

Current condition

Fresh water input
Air temp. in Greenland

Glaciar period
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Drought frequency

Flood frequency

Hirabayashi et al, (2008)

Winter wheat yield
(Yang, 2008)




A paradigm shift

Development of modeling
and computers

Cloud formati

Electric power

Solar radiation supply esimtate

transfer

nanisms oeing simulaied

Conclusions
e Various change rmec
e Larye uncertainties still exist
e Cloud and precipitation proc
e Applications being increaseac
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