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Various time scales and mechanisms for
Earth's climate change

Orbital change
+ Crust response
+CO2
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Complex atmospheric physics

e Mitchell et al. (Nature 1989): CO2 and Climate: Missing feedback, ice particles
e Mitchell et al. (Nature 1995): sulphate aerosols
e Takemura et al. (JGR2005, GRL2006)
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Disputes in data analysis

. Weighting

- Temperature trend ~‘tunction m  Spencer and Christy (Science 1990):
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Towards Operational Earth System
Monitoring, Assimilation agdy
Predicti te g
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Radiative forcings since 1750

BOA TOA (Tropopause)
= Cloud and aerosol still LGHG LGHG
uncertain (£0.5 W/m2) +0.43 +2.63
= Large aerosol forcing at _
surface +0.02 Stratospheric O3 & H20
| +0.6 i (-0.13, TAR)
j +0.21 +0.35 Tropospheric O3
MIROC
e TR \ 0.5 Aerosol direct
- 0.5 -0.7 Albedo effect
(O to -2 only range, TAR)
-0.1 Surface albedo
(-0.2, TAR)
+0.12 Sun
(+0.3, TAR)
TOA: Values from IPCC/AR4
BOA: Values from MIROC  — -glls t%% ina d
oud forcing due
(Takemura et al., 2005) (-1 to 0.5, TAR) ‘o 2%CO2

Report of Science Council of Japan on global warming problem (2008)



Global monitoring and simulation of aerosols
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Aerosol direct forcing by MIROC/AGCM+SPRINTARS

Uncertainty of about 0.5 W/m2 due to stratification
Boundary layer modeling and hygroscopic growth modeling

Clear-skyAVG. —0.70 W m-2 All-skyAVG. -0.04 W m-2
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TOA Radiative Tropopause (W m) Surface (W m—2)
Forcing All-sky Clear-sky All-sky Clear-sky
BC +0.42 +0.22 -0.75 —-0.95
OC —-0.26 —-0.48 -0.35 -0.55
Sulfate -0.20 —-0.44 -0.16 —0.36
Total —-0.04 -0.70 -1.26 -1.86

Tekemura et al. (JGR2005)



AEROCOM comparison of direct ARF at TOA in
cloudy sky condition (Schulz et al., 2006)

UMI -0.408 W/m? UIO CTM -0.070 W/m? LOA -0.163 W/m?
Wfm3 L] w

(Takemura et al., 2005)
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® Positive RF over clouds cancel negative /RF in clear sky (Clear sky: —0.70
Wm-2 vs all sky: —0.04 Wm-2),

® But aerosol RF over clouds largely depend on models.

® MIROC simulates more absorbing aerosols above clouds than other GCMs.




CALIPSO lidar detection of clouds and ] E
aerosols : ;
(E. Oikawa, 2009; 'Z |
Courtesy NASA-CALIPSO team) et b

CALIPSO ARF (BXXS) SPRINTARS ARF (BBXAS)

Global -3.64W/m2,Qcean -4.08W/m? 2IRF © -2.56W/ms. EL : -3.77W/m?

Clear sky
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SPRINTARS ARF +1.33 W/m2

Overcast




Some updates in
SPRITARS sulfate process

D. Goto (2009)
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Annual mean aerosol optical thickness
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Surface cooling

® Convection; SST modulation; Monsoon circulation: Precipitation change

Natural + anthropogenic RF between 1860-2000

GFDL CM2.1 Tropopause MIROC+SPRINTARS
(b) Global-mean = 1.28 W mi?*

(a) Global-mean = 2.78 W m?
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All site mean

Cloudiness and sunshine
INn China
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Middle level (NICAM) High level (NICAM)

High level (ISCCP)
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Vertical growth pattern of cloud droplets in convective

system
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Conclusions

Large negative forcing at TOA and BOA by anthropogenic
aerosols, but 50% model uncertainties (0.5 W/m? at TOA)

Large indirect effect at TOA; Suppress warming by 30%
Large uncertainties both by observation and modeling

e Model underestimation of AOT

e Land clouds difficult to model

e High resolution model with aerosol interaction developed
Large direct effect at BOA

e This effect continues another 30 years with large uncertainties
In scenario, so that we have to monitor.

e SST&LST loops start working for precipitation change; Cloud
and precipitation changes need GHG and aerosol effects

High resolution modeling and active remote sensing are promising
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