CCSR

< UNIV. TOKYO

Characteristics of water cloud optical
properties as simulated by non-hydrostatic
spectral microphysics cloud model

Kentaroh Suzuki, Teruyuki Nakajima ( CCSR, U. Tokyo )
Takashi Y. Nakajima ( Tokai University )

2005/7/6-8 Cloud Modeling WS @Fort Collins



Climatic significance of cloud microphysics

Cloud Optical Property
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Our motivation : aerosol indirect effect
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Satellite-retrieved water cloud optical property
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AVHRR Nakajima and Nakajima ( JAS 1995 )
with the algorithm of Nakajima and King ( JAS 1990 )



ASTEX region (North Atlantic)

Correlation between r, and ,

FIRE region (California)
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Optical property depends on cloud regime
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Bin Cloud Model Developed

Liguid

Blue=Cloud, Red=Drizzle, Green=Rain
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Aerosol-Cloud Coupling

Aerosol Particle Liquid Cloud
condensation

I collision-coagulation
nucleation
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Correlation obtained from cloud model

fn(r)r3dr
) _fn(r)rzdr
T, = 2Jrfdzfn(r)r2dr

Domain: 20km(H) x4km(V)
Resolution: 500m(H) x200m(V)
Cloud : 30bin for 3-3000um
Aerosol: 10bin for 0.01-1um

Low-level water cloud was
formed 1n the experiment
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What process is responsible for correlation ?

Condensation + Coagulation
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Sensitivity to aerosol amount
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Satellite-detected aerosol effect on cloud

Aerosol ( Higurashi and Nakajima, 1999 ) e c
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Nakajima et al. ( GRL 2001 )



Effective Radius [ um ]

[ g/m2 ]

Liquid Water Path

Correlation from bin cloud model
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Cloud-Aerosol Correlation Statistics

Sensitivity of Cloud Droplet Number N to Aerosol Number N,

Alogl() NC =bNA10glO Na h Nc X Nde

Reference by

In-situ statistics (Kaufman et al., 1991) 0.7-0.8

Jones et al. (1994) 0.26
AVHRR (Nakajima et al., 2001) 0.50
Binned model (this study) 0.72

Global statistics from satellite may dilute the sensitivity due
to the mixture of various types of clouds



Summary

« Satellite-detected characteristics of water cloud
optical property (7, and r,) was simulated by bin
microphysics cloud model
— Positive correlation : no drizzle regime
— Negative correlation : drizzling regime

* Responsible processes were identified
— Positive correlation : condensation
— Negative correlation : coagulation
« Aerosol effect on cloud was also investigated

— Sensitivity from bin model close to in-situ statistics
— Global statistics from satellite may dilute the sensitivity



In the next step ...

Global NHM NICAM
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Spectral bin microphysics
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